WD 03/ 102125 PCT/ AU03/ 00660 -1 CELL FUSI ON Background of the Invention
The present invention relates to a nethod and apparatus for fusing first
and seconda®liosi2sand in 5 particular, for produci ng hybricd/gedslosedoy

el ectrofusion. Description of the Priof Art The reference to any prior art
in this specification is not, and shoutd not be taken as, an

acknow edgenent or any form of suggestion that the prior art forns part of
t he common general 10 know edge in Australia. Previously it has be known
to fuse cells together using a vadEdfyFESIGNchni ques such as chemi ca

fusi on enpl oyi ng pol yet hyl ene gl ycol, biological nethods such as viruses or
viral proteins or electrofusion of cells in suspension. Methods of fusion
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fusi o el fonsodengbebritbdetleby demrofusiohed and opti m sed depending on the
type of cell to be fused than chemi cal or biological fusion allows. This
allows electrofusion to lead to an increase in cell fusion 20 efficiency.

The basi Pedefiptin 6fahe BfiusAen is to expose pairs of cells, in close nenbrane
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be reversible such that an ores for t i al
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el ectrofusi on has a nunber of advantages over chem cal and bi ol ogi cal
processes, all of these nethods fuse cells sinultaneously in |arge
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chemical or biological fusion allows. This allows electrofusion to lead to an increase in cell fusion

20 efficiency.

The basis for electrofusion is to expose pairs of cells, in close membrane contact, to an electric
field that induces a sufficient voltage across their cellular membrane to cause mechanical
breakdown of the cell membrane and the formation of pores at the point of cell-to-cell contact.
25 Ideally the pores should be of sufficient size to allow transfer of cellular material between the two
cells, particularly allowing the two nuclei to come together and subsequently fuse. This formation

of pores should also be reversible such that any pores formed at points other than that of cell-to-cell

contact seal quickly.

30 A further process known as dielectropherisis (DEP) in which a non-uniform alternating electric
field is applied to the cells in order to ensure good cellular contact prior to fusion. Typically DEP

is employed to form ‘pear] chains’ of large numbers of cells between the electrodes in the fusion

container.

35 Whilst electrofusion has a number of advantages over chemical and biological processes, all of

these methods fuse cells simultaneously in large numbers. The pairing of the cells, necessary to



that they require a chemcally sensitive imortal cell such that unfused
and self-fused cells can be elimnated fromthe final culture. 5

Furt her nowe,o3tibls® ~ bul k' net hods al so do not |end thenselPcasttos/otshri d
creation fromrare cells. Typically fusion nethods require mllions of
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contact with the electrode during the electrofusion process. As a result the cell is usualily subject to

an intense electric field which tends to damage the cell. Secondly, the technique can only be
25  performed with a number of target cells attached to the electrodes, and a number of partner cells.
Accordingly, this means that any cells successfully fused may be separated out from cells that do
not fuse, which can be a complex procedure. A further disadvantage of this technique is that cells

can bind to the electrode non-specifically leading to false fusion events taking place.

30 A second example of a system for performing cell fusion on individual cells is described in
WO001/09297. In this example, cells are manipulated using a combination of optical trapping, and
pushing the cells with micro-electrodes. Once the cells are correctly positioned relative to each

other, an electric field is applied to the cells to cause the cells to fuse.

35 However, a number of significant drawbacks exist with the apparatus. Firstly, the presence of the

laser and associated optics required to manipulate the cells results in the apparatus being expensive,



result, the electrodes are again expensive, difficult to construct and
extrenely fragile, thereby further increasing the cost and conplexity of

t he apparwbws/10823 n addition to this, touching the cells WCTAUtBE0660

el ectrodes can | ead to additi onal problens such as burning of the cells.
Even in the event that a signal is not belng applied to the el ectrodes when
the <cell is pushed, the electrodes can retain a residual field from when
they are last used. In this case, contact of the cell with the electrode
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Summary of the Present Invention
In a first broad form the present invention provides a method of fusing first and second cells, the
method including:

a) Selecting the first and second cells;

20 b) Positioning the first and second cells between two electrodes in a fluid filled fusing
container, the first and second cells being held in suspension separated from each
electrode; and,

¢) Applying a current having a predetermined waveform to the electrodes to cause the cells to

fuse.

25
Typically the cells are held in suspension between the electrodes.

The method typically includes generating a DEP field, the DEP field being adapted to urge the cells

towards each other.

30

The predetermined waveform may include a current representing the DEP field. Alternatively, the

method can include applying the DEP to a pair of second electrodes.

The method generally includes:
35 ’ a) Applying a DEP current to the pair of second electrodes;



c) Positioning the second cell in the fusing container, the alternating
field acting to attract the second cell towards the first cell. 5 At |east
one of thwofiBnexi2and second cells is generally positionedPCh/AAmBN@E0 W t h
at |l east one of the second pair of electrodes. The nethod of selecting the
first and second cells typically incl ades usi ng a pipette to extract: 10
a) The first cell froma group of first cells held in a first container;
and, b) The second cell froma group of second cells held in a second

cont ai ner . byhBositehingdhofirspedi inithnfusipg tehaipéry the alfpraatinadistbiacias fsatiedt Wken t he
two el ectrodes_usual ly.incl , Usd hpette to position the
first cell i nﬁfsg%eﬁf%%vgﬁ}éﬁsgonggﬁﬁ%??\cé)fl??’aié&{ggé%(flgﬁsﬂ%he pi pette to positjon the
second cel lc)i Roditivmirfgulé segorciantl & the fusing dprteinert the hikertdting field@pting to atfract the

Posi tioning the ec{ggtgvgg SihS ich. jhat the first and second cells are |ocated
substant i al | y*B% SRR TR el"8cirodes. The pipette is typically coupled to:
20 a) 5A drive system adapted to nove the pipette with respect to the first,
second and.fysin centai ners:. a 1. t he
R A e e S R P

t he met hedtotdbpaad dfgletthmieides using a controller coupled to the drive system
and the 25 actuator to nove and actuate the pipette. The nethod of
selecting a cell preferably includes causing the controller to: a) Mve the
pi pett e Juehethbabf seleetinpahd fistand d¢canderls fpwelly inpladdsmging # pieitete AFHAEH

characteristi h ell bein el e .05 W ion in the respective
cont %ner; %Oqﬁs’ﬁf&t‘feﬁa‘foén?ﬁrgu%?%fg%}tcgﬁistﬂgm %gv#rs?ﬁ&#%gﬁ%%lghrough the port,

t her eby dr apyi MYe kdvotichelidid 2 groap ¢ffsecond oelis beld di mgperidfodtzintthe met hod of usi ng
the pipette to position the second cell adjacent the first cell generally

includes causing the controller to: 35 a) Mwve the pipette such that the
port is aupaeepd of fwitbhing theddtbnd sectrdeclsisivign thortva plaerodesougly/indges s

PCT/ AU0O3/ 0066Q. . -5 b). se the .pipetie. t 4 yi.d th h th t,

t her eby expgl I SH‘&%?%"%%E%%OCWOH%}% fﬁ%ecelf PJ??%ﬁéﬁgL%nﬁgéﬁjekusi ngjoggnt ai ﬁe??r c)
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first d d.cells:; .d h i pet I i th
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iTS secon S an e surroundi ng

fluid; between the electrodes.

The pipette is typically coupled to:
20 a) A drive system adapted to move the pipette with respect to the first, second and fusing

containers; and,

b) An actuator adapted to actuate the pipette to thereby expel or draw in fluid through a port.

In this case, the method usually includes using a controller coupled to the drive system and the

25  actuator to move and actuate the pipette.

The method of selecting a cell preferably includes causing the controller to:
a) Move the pipette such that the port is adjacent a cell having predetermined characteristics,
the cell being held in fluid suspension in the respective container;
30 b) Actuate the pipette to draw in fluid through the port, thereby drawing in the cell and the

surrounding fluid.

The method of using the pipette to position the second cell adjacent the first cell generally includes
causing the controller to:

35 a) Move the pipette such that the port is adjacent the first cell in the fusing container;



e) Cause the pipette to expelling the first and second cells into the fluid
in the fusing container; and, f) Repeat steps (c) to (e) until the first
and secommomalid=2are within a predeterm ned di stance. 10PThaAw@Be®®s odes
may -be coupled to an electrode drive system adapted to nove the el ectrodes
with respect to the fusing contai ners?-in which case the nethod typically
i ncludes using a controller coupled to the electrode drive systemto
position the electrodes in the fusing chanber. The el ectrodes nay be
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expel or draw in fluid through a port. The electrodes nay be coupled to
the fusi ffESHEai ner.

If the first and second cells having a respective cell type, the method preferably includes using a
controller coupled to the signal generator to select the current in accordance with the cell types of

20 the first and second cells.

The fist and second cells may be the same type of cell, the first and second group of cells being the

same group.

25 In a second broad form the present invention provides apparatus for fusing first and second cells,
the apparatus including:
a) A fluid filled fusing container;
b) At least two electrodes adapted to be positioned in the fusing container in use;
c) A selector for:
30 i) Selecting a first cell from a group of first cells held in a respective container; and,
ii) Selecting a second cell from a group of second cells held in a respective container;
iif) Positioning the first and second cells in the fusing container, the first and second cells
being held in suspension; and,
d) A signal generator coupled to the electrodes, the signal generator being adapted to cause a
35 field having a predetermined waveform to be generated between the electrodes, thereby

causing the cells to fuse.



10 Alternatively the apparatus can include an el ectrode drive system
adapted to nove the electrodes wth respect to the fusing containers. The
current voeBao2res ypically includes a fusion pul se, the sipgmalU0geow®o at or
bei ng adapted to apply 15 the fusion pulse to the electrodes to generate
an electric field pul se thereby causiné‘the cells to fuse. The current
waveform preferably al so includes a DEP current, the signal generator being
adapted to apply the DEP current to the electrodes to generate a DEP field
thereby urging the cells towards 20 each other. The apparatus may include
a pair og‘se ond. el ctrodes,uthe pair of second el ectrodes bei ng coupl ed
to a sec Hﬁ““?@ﬁﬁﬁ”g@ﬁ@?é?g?,&the second signal generator being adapted to
generate a DEP current, the DEP current being applied to the pair of
second el ectrodes to generate DEP field thereby 25 urging the cells

t owar ds g‘%ﬁW@?WQﬁgwﬁﬁwgﬂ? r@&@@?'the pair of second el ectrodes being

provi ded or)t heddwsdyigmednited menowuhé apetie itk rappatathedirst] soondypidciasing
includes a contraller adapted to control the fusing of the cells by 30
control l'ing of¥FHESHA"Gf at | east one of: a) The pipette; b) The

el ect r odes;b)anghactusibr Adapted tograade tigparigtia toexpel3b ditven doidtthrobgherporty pi cal | y

i ncl udes a processor coupled to at |east one of: WO 03/102125

PCT/ AU03/ 00660 -7 a) The drive system and the actuator, the processor

bei ng adapt eldctiodesTarEbedtplacioulat fasindwntapiepet t e; b) The el ectrode drive
systeq} t he processor being adapted to nove the el ectrodes; and, c) The
signél generator, the processor being adapted to cause the signal generator
t 0 gener afi@rmafivdnge apghsluhaviingudehe epcesietEiveisyset wdpef or moveTthe cbomedes| | er
may includ% a dete tﬁ{,adggted to detect the position of cells within the
cont aj nerdth resPRet fhihg HISPESEIPIRES by ocessor can be responsive to the detector
to nove at | east one of the electrodes and the pipette in response to the

position of detected cells. 10 Altegnati vel or .additi I

processi r%e SYTE R YRS (Pl dnchides %é‘ﬁ]ton paFe ?ﬁieeéle%nia/li el(ﬁer'flt(r)lrpu?l & a)cé%prtr‘lg*(rfn}ﬁ&gpl}{ rom a
user . 15Thenddfueee HEI0E tC B eieiredsl i) gahefate @ décnicefiéldpulst dicichy cowaingftor pelldde a
represenhﬁgg a nunber of

The current waveform preferably also includes a DEP current, the signal generator being adapted to
apply the DEP current to the electrodes to generate a DEP field thereby urging the cells towards
20  each other.

The apparatus may include a pair of second electrodes, the pair of second electrodes being coupled
to a second signal generator, the second signal generator being adapted to generate a DEP current,
the DEP current being applied to the pair of second electrodes to generate a DEP field thereby

25  urging the cells towards each other.
In this case, the pair of second electrodes being provided on the fusing container surface.

The apparatus also typically includes a controller adapted to control the fusing of the cells by
30 controlling operation of at least one of:
a) The pipette;
b) The electrodes; and,
¢) The signal generator.

35 The controller typically includes a processor coupled to at least one of:



15 different predeterm ned waveforns, the processor being adapted to sel ect
one of the nunber of predeterm ned waveforns in response to the input
comands weaailvaeas from t he user. The processor can al so becmp@dapised to
nove at | east one of the electrodes and the pipette in response to the

i nput commands recei ved fromthe user:720 Typically the controller is
adapted to cause the cells to fuse by causing the apparatus to performthe
met hod of the first broad formof the invention. In a third broad formthe
present i nWpNThediiversgserdasd i actomtor,chd procdsenr beivatedapitddi tognayssad aetuae thsr 25
fusing first and second cells, the apparatus including: a) A fluid filled
fusing cont ai pggite; b) At least two electrodes; c) A selector; d) A signal
gener at or GpUPhEdectrodd diere ystmit, tiedeaessdbeilfpmdapter toimpve the electiedeggndr ol | er is

adapted to cause.the cel|s to fuse by: i usi I . )
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cont agner; anghe ficld)haBat eepredesdnsidvayefotrmf rom a group of second cells held
in a respective container; and, 35 (3) Position the first and second cells
in the fusing container between the el ectrodes, the first and second cells
bei ng hefrge édatrsils pRRIhdIte WBL0B ARPER Fo RETL MPBOGEETells Bithih Yheponiamesni ng
the electrodes in_the fusing,contai.ner:..a (N | I

gener at of? Wpgh spsthe P]éjlcﬁfs?fef\%? Ry Oﬂflé%%tﬂeler %lqer? &4 kﬁ%‘%‘%ﬁ% ?ér#% ) b tIa ﬁtgé lﬂg ReET odes ,
thereby gauSé pigeticredpdnsstotie fosision obdeTdordcedist rol | er can al so be adapted to
position the cells in the fusing container. In this case, the controller
typi dai y includes a processor coupled to at | east one of: a) A drive

syst em adaphehety) ofRu@Etibhagy,pihp @t dcessitigt fystersipac include whénifuk et recadenp Apuand
fusing containers; 10 b) An actuator adapted to cause the pipette to expel
or draw FHPME FOPRFHBHgh a port: c) An el ectrode drive system adapted to
nove the el ectrodes with respect to the fusing containers; and, d) The

sional geperator 18 The.cuinent veve ot ARLEak! ul RGINIRS: 3 AkP:

pul se, tH&e PESESH $38r PDHEUR 2

15 different predetermined waveforms, the processor being adapted to select one of the number of

predetermined waveforms in response to the input commands received from the user.

The processor can also being adapted to move at least one of the electrodes and the pipette in
response to the input commands received from the user.

20
Typically the controller is adapted to cause the cells to fuse by causing the apparatus to perform the

method of the first broad form of the invention.

In a third broad form the present invention provides, a controller for controlling apparatus for
25  fusing first and second cells, the apparatus including:
a) A fluid filled fusing container;
b) At least two electrodes;
c) A selector;
d) A signal generator coupled to the electrodes;
30 Wherein, in use, the controller is adapted to cause the cells to fuse by:
i) Causing the selector to:
(1) Select a first cell from a group of first cells held in a respective container; and,
(2) Select a second cell from a group of second cells held in a respective container;
and,
35 (3) Position the first and second cells in the fusing container between the electrodes,

the first and second cells being held in suspension;



signal generator to apply the fusion pulse to the electrodes to generate an
electric field pulse thereby causing the cells to fuse. The current
wavef or mwewaliba2i ncl udes a DEP current, the controller becmpwdagied to
cause the 20 signal generator to apply the DEP current to the el ectrodes
to generate a DEP field thereby urgingS-the cells towards each other. The
apparatus can include a pair of second el ectrodes, the pair of second

el ectrodes being coupled to a second signal generator, the controller

bei ng adapt ediij ®PwsBivsiag tHeeleseabid tbd ysiag capearer,;abdr to 25 generate a DEP

current, the P.current .being applied t paj r t sto
generate a DE (Faiuélpﬁ%f%%gn@lﬁg]ﬁag%r@gly haeﬁ)eclét[ﬂ?"sn?éjl %\R/ééra tgﬁqggc %\? Og{rﬁ.tB‘cltﬁi
controller is tygéctaddsythasidpiaadng the cgletafuee.f or use with apparatus of the
second broad formof the invention. 30 In this case, the controller is
preferably adapted to cause the apparatus to performthe nmethod of the
first sbr qadcdu@omrehn ilkebd admed t positidnthacdleirr thhifusing aehtdimrm t he present

i nvention provides a conputer program product for controlling 35 apparatus
for fusing first and second cells, the conputer program product including
conmput er W¥RisQ3éel B2 tabroR& T AtI3 id0.a60a pro&esex eauptedivd & leasdmewfii ch when

executed by a syitabl e processing system. causes Ssi V& L to
operate as Phé Yﬁsryﬁtflineardaé?gf%@&eh%f’ glpg’%rt%g(%)lﬁfr %SP%#E H{eﬁce&ab?ée@gin%@ %%/lg tion.
In a fifth breaglah@sm the present invention provides a pipette systemfor

mani pul ating particles, the 5 pipette system.ncluding: nozzl e for
cont aithi ng li%l diigpcjutor adapted Wecaﬁﬁ?%%)%pﬁtﬁé? %/f‘é’f”lrﬁﬁ dglwp%?lfdn;d gr)ou%%]a ﬁég{] uat or

coupl ed to §Hhesmeatdde dihe sptdnuatiaptedei moveathapdeettodes wittavespast &ntheofusieg pel
fluid through the _ora; and, c) An electrode coupled to the nozzle

adj acent the F6% l,ne‘g’r?él el ect rode being adapted to 10 cooperate with a
second el ecgy ouhe sighal@bdepatoran el ectric field to be applied to coupled to one
or nore particles positioned adjacent the port. The electrode is usually
formed a conductive tube. 15 The el ectrode nay be fornmed from a stainless
st eel 14 ub@e Ravén §adefeinafBicaily Diludpprfoxbmpitled, yhe chftnotier Tieg plapred tecaysthem can

i nclude a_drjive system adapted. to ve th ipette system t,o. be.w;t
respect tS#Mal SPERET 19 IaPﬁ}ﬂngeoﬁislﬁP r?é‘g‘e)tt% tl?%%?%tﬁ’@esaﬁol e\r/lvgrﬁtgr i%?cglis)c ?%iﬁd le;ehse
posi ti onggkréyy catisidgai®edsltdfagsm 20 fluid in the container.

The current waveform usually includes a DEP current, the controller being adapted to cause the
20  signal generator to apply the DEP current to the electrodes to generate a DEP field thereby urging

the cells towards each other.

The apparatus can include a pair of second electrodes, the pair of second electrodes being coupled
to a second signal generator, the controller being adapted to cause the second signal generator to

25  generate a DEP current, the DEP current being applied to the pair of second electrodes to generate
a DEP field thereby urging the cells towards each other.

The controller is typically adapted to operate for use with apparatus of the second broad form of the

invention.

30
In this case, the controller is preferably adapted to cause the apparatus to perform the method of the

first broad form of the invention.

In a fourth broad form the present invention provides a computer program product for controlling

35 apparatus for fusing first and second cells, the computer program product including computer



The pipette systemcan include a signal generator coupled to the el ectrode
for generating a predetermned electric field between the electrode and a
second elwotomsaad2positioned in the container. 25 The pi p@CTAEBOEM
typically includes a controller adapted to control the drive system the
actuator and the signal generator to‘?hereby apply an electric field to a
particle by: a) Positioning the particle in the container adjacent the
second el ectrode using the pipette; b) Positioning the pipette port

adj acent eebgatparodectviich nwich exemirtidiyne rspitahledpro@Bsing systant gatsphetmiecessingnal
generator. The controller is tvpicall s, by: a)

Posi t i onf‘yﬁlﬁmaof’P‘?I% asctbf foqﬁﬁﬁ?rr%&g glﬂﬁda@f%aggﬁ%(jﬁg%& n%sfefgkﬁgvegg{):ddnd el ectrode
using the pipette; b) Positioning a second cell in the container adjacent

the first cell. usj he pipette. 3 Pasitl oni DRk ertieRE, th
adj acenti“tan@lﬂﬂ’rlo%cﬁggﬂg‘?é%gﬁ ce nsp?o‘g%eg %?dﬁg% gﬁe{r}g{)}%%ap%ecgtﬁd célls are
subst ant pipbtkysybehweadidghe el ectrodes; and, WO 03/102125 PCT/ AU03/ 00660 -10

d) Activating,the.signal .generator t erm ned field sequence

to be appli dAtr@Z%lﬁg’gc??ﬁlﬁlgg ﬁ?ﬁér%lésneytg%g%g? Erglgc tdﬁ{éeagjg’h s to fuse. The pipette

syst em genes)alanyctistot dvepleil nctheidessgle, the acthatek hemgiadanitasiio Seswr inand/aixpel fiuida

wavegui de havi ng{gﬁ ﬁi r%t nd coupled to the radiation source and a second
B eR &R

end coupl ed AKX adj acent the port to thereby allow radiation
fromthe ragi ani Qecteoticamlddoto thapiondde adiaceptthei wirte shepelsétrode heg adppiekit t o

the port in use. 10 The pipette syste Nl t.or ect or
bei ngYadapt ed ¥ Vg@ta %)eﬁg]%aeﬁeicgﬂa/eet ﬁ’ia[nf‘ggn %1%/(%‘% ﬁ%géozaa?e?a ?’@F@ tg'fﬂ%pq Zg g@% or
can be coupl edr im6retpharicles pssitionatiadgdeentiiee paetvegui de, to thereby det ect
radiation emtted fromthe particle. 15 The radiation is typically a

| aser, although other sources, such as LEDs may be used. The wavegui de can
be a fi brmge elpttiode Babhatly f@med b tardnatvewdley can being fornmed fromthe nozzle,
the nozzle including a shaped portion to allow the radiation fromthe

radi ation source to enter the 20 nozzle and pass along at |east a portion
of the naaglekctrédeemayablé dbrired e agtainiess tseel fuboimtihg anbamdter oft dpproighetdlyie
port. Th(—;i ﬁi@pette systemgenerally includes a controller adapted to perform
at | east 'BW8 of : :

The pipette system can include a drive system adapted to move the pipette system to be with
respect to a fluid filled container to thereby allow particles to be positioned in or removed from

20  fluid in the container.

The pipette system can include a signal generator coupled to the electrode for generating a
predetermined electric field between the electrode and a second electrode positioned in the

container.

25
The pipette system typically includes a controller adapted to control the drive system, the actuator

and the signal generator to thereby apply an electric field to a particle by:
a) Positioning the particle in the container adjacent the second electrode using the pipette;
b) Positioning the pipette port adjacent the particle in the container; and,
30 c) Activating the signal generator.

The controller is typically adapted to fuse cells, by:
a) Positioning a first cell in the container adjacent the second electrode using the pipette;
b) Positioning a second cell in the container adjacent the first cell using the pipette;
35 ¢) Positioning the pipette port adjacent the first and second cells, such that first and second

cells are substantially between the electrodes; and,



a) Activating the actuator to thereby cause fluid to be drawn in and/or
expel l ed through the 25 port; and, b) Activating the radiation source, to
t hereby ewpaesmaor2particle to radiation. The drive system eem/Ai®3powaepl ed to
a controller, the controller being adagt ed to recover particles having
predeterm ned properties fromthe contaiher by: 30 a) Positioning the

pi pette system such that the port is adjacent to a particle; b) Activating
the radi ation source to thereby expose the particle to radiation %

Det ect any d’)aetrcﬁxtartlﬁglﬂemghﬁl@dndngxoﬁthea@aa pieddterming)l fipkstsequeneseo be aRPH@i edhticl e

has t he predet q{g%er ‘Fa Sng%t%‘ece R@ccor dance with the detected
radi ation; an§357 &Y %K ance Wi th a successful conparison, activate

the actuator to thereby draw fI uid into the nozzle through the port,

t her eby covetﬁr n% t he %rti A AN 03/ 102125 PCT/ AU03/ 00660 -11- The

act uat or CARPFHSY %.ge"é??a A0 d°reservoir; b) A flexible tube coupling the
nozzl & t o td)e Afadibtiborseses;\aod,r ; 5 c) An arm positioned so as to partially

conpress t hl? t Ubg‘feglgé? %Vﬁ%cz) c%{:__ﬂ oteosr?{esltagl%ﬁfjﬁ)gfc@(%ﬁ ﬁsé&ff@eﬂdkt%u Edn SO

as to perfo er conpressing the tube to thereby
expel fluid f rt@metrbezlpadjac;enam parir Yo tDercpnpliars sadimgjon Hient tho gadigionrepiEp o dr aw

T luid in thr O:é%];}f‘;f% he %&c&egtp8s1t1caled aé%%&:[{gh‘l% orqqﬂrys system general |y

i ncl udes: a) rev I'ng the armw th respect to the
t ube; and b) A second actuator drive formed froman armend portion, the

t b |
g:: Im Vgl ei rapllé)g X ygtlarrﬁt 40 E]g]c]lé %i%ecttor\,\gh% Qet%f?o?é%f#? F‘lgdﬁ%dlﬁ Beted: I?agha%l% Qlﬂﬁiteé’-3§ uat or

arm en to expan contract. 15
The pi petihepasiictt em usual |y includes a controller coupled to the actuator
drive system the controller being adapted to operate the actuator drive
systemto thereby draw fluid in or expel fluid through the port. 20 The
drive sysiheme@asr de beeuilatiotte filvbendmftheobdvegyidd, ethersby dei¢dt eadiaien pgitigdiapt ed
to recover rtl cles fromthe fluid by: a) Positioning the pipette system
such t hat!" B%T‘?l is adjacent to a particle; and, b) Activate the actuator
driveisystemto thereby draw fluid into the nozzle through the port,

The radiation is typically a laser, although other sources, such as LEDs may be used.

The waveguide can be a fibre optic cable, or alternatively can being formed from the nozzle, the
nozzle including a shaped portion to allow the radiation from the radiation source to enter the
20 nozzle and pass along at least a portion of the nozzle, the radiation being emitted from the nozzle

through the port.

The pipette system generally includes a controller adapted to perform at least one of:
a) Activating the actuator to thereby cause fluid to be drawn in and/or expelled through the
25 port; and,

b) Activating the radiation source, to thereby expose a particle to radiation.

The drive system can be coupled to a controller, the controller being adapted to recover particles
having predetermined properties from the container by:
30 a) Positioning the pipette system such that the port is adjacent to a particle;
b) Activating the radiation source to thereby expose the particle to radiation;
c¢) Detect any radiation emitted by the particle;
d) Determine if the particle has the predetermined properties in accordance with the detected
radiation; and,
35 ¢) Inaccordance with a successful comparison, activate the actuator to thereby draw fluid into

the nozzle through the port, thereby recovering the particle.



t hereby recovering the particle. 25 The tube can be fornmed fromsilicon
tubing. Brief Description of the Drawi ngs An exanple of the present

i nvent i orwaioBlioxiew be described with reference to the accespayupsng6o 30
drawings, in which: Figure 1 is a block diagram of an exanple of apparatus
for fusing cells; Figure 2 is a schendtic di agram of the apparatus of
Figure 1; Figure 3 is a schematic diagramof the pipette of Figure 1; 35
Figure 4 is a flow chart of an overview of the process of fusing cells

usi ng the apparatus of Figure 1; WD 03/102125 PCT/ AU03/ 00660 -12 Figures
5A to 5C are a fl ow (ih rt of the process of fusing cells inplenented by the
appar at u$PoIAer GHBCYY K gures 6A and 6B are schematic diagrams of cells
bei ng drawy)i Atftnidrskrevipel | ed from the pipette of Figure 3; 5 Figures 6C
and 6D are ,sche i c di agrans., of t.h . of the el ectrodes and
cells in tH’§ Rffgag%b entuéj\‘ie‘iol%pla%r%en%oz%lﬁgortg%?%ﬁg%?ﬁt ‘e apparatus of Figure 1;

Fi gur @s 7A d)0ARGrrapesittonadid asso pdrtiglylcompresetheiwhees t hat nmay be used in the
apparatus of Figure 1..Figure i enat.i I i econd
exanpl e of pﬁ&%ﬁ?ﬁfgr e s l{%r? %“gaé‘é‘é?ﬂ rg?\%(i .%@Fg%%% I{%goegﬁ%\#ﬁg%? |0€ si de view
of the nodifi@d Meihbr @mpesgsiod the-iue tegh@ehy ekPel Fugifram happs; 2adschemati ¢ pl an
view of a thir, xanpl e .of . appa us . f aptFlgure 9B is a
schematic si d@gvﬁ%“\xﬂ’gfessd?\geth%g‘%? %gﬁ%gqyldgg%ﬁgl%%& i gﬁ?’ oA Fi gure 9Cis a
schemati c perspective view of the first electrodes of Figure 9A;igure 10 is
a sche ic diagramof the pipette of Figure 3 nodified to include an

el ect ogﬁle?‘iw ﬁsxstfmageﬂffrglbﬁng}l%ar am of a nodified version of the

appar at us of) B gt 2tubtondapt fetmdbdngibe atvweith feSpeof to theduls sk t es shown in
Figure 10; Figure 12 is _a schematic di agr f ; Laure 11;
Figure 13A ?)5%3?8 Fqatos dﬁ‘i"%\ i ar‘aﬁl1 %rfo R %%ar%’ln%@tqog%%f ?FEP%EJ%%H%(%R%%EF%%;S to

i ncl ude a r adicaith@Rvithsbaubein vse,ghir ecdr@Bciustondsehemgtadepteli tagruserihsfarmigad

pi pette of Figure 3 m)didfci ed totincl ude an alternative 20 radiation
source; Fi gur @GR LA §i agram of the pipette of Figure 3
retrigving a nunber of cells;

The pipette system usually includes a controller coupled to the actuator drive system, the controller
being adapted to operate the actuator drive system to thereby draw fluid in or expel fluid through
the port.

20 The drive system can be coupled to the controller, the controller being adapted to recover particles
from the fluid by:
a) Positioning the pipette system such that the port is adjacent to a particle; and,
b) Activate the actuator drive system to thereby draw fluid into the nozzle through the port,
thereby recovering the particle.
25
" The tube can be formed from silicon tubing.

Brief Description of the Drawings
An example of the present invention will now be described with reference to the accompanying

30 drawings, in which: -

Figure 1 is a block diagram of an example of apparatus for fusing cells;
Figure 2 is a schematic diagram of the apparatus of Figure 1;
Figure 3 is a schematic diagram of the pipette of Figure 1;
35 TFigure 4 is a flow chart of an overview of the process of fusing cells using the apparatus of Figure
L



Figure 15 is a schematic diagram of the pipettes of Figure 11 positioning
cells for subsequent fusion; Figure 16 is a schematic diagram of the

pi pettes whoBitgaiee 11 and fused cells; 25 Figure 17 is a fchammsioeecdi agram
of the pipette of Figure 3 nodified to_include a radiation source; Figure
18A is a schematic di agram of the pi pep(e of Figure 3 with an alternative
actuator; Figure 18B is a schematic diagram of the operation of the
actuator of Figure 18A;, Figure 18C is a schematic diagramof a first

exanpl e pgutddEARD PEtdrea dbwrdhgtivtthd Sraces df fuisimd cflbsr implamentsil by the appaeert 30
Fi gure 1%D is a schematic diagramof a second exanple of the pipette of
Figure 1 BY¥odi fied for use with a bl adder; Figure 19 is a schematic

di agr am @gfgufes GAtahil BB atoO@hernisie diafams ofi tdlis hging dtaps; intFiagdiexpeliy from te Bigek

di agram of _an exanpl e of apparatus for automatically fusing cells; and,
Figure 2% FigugSschemati ¢ di agram of the apparatus of Figure 20. 35 WO

03/ 1031 25idath/ 68U/ 61066 QchenihBe Biegraink of toesengepteiion the cledioder s aeliciy the
Enbodi nents An_exanpl e for ar at us I 8 j A RATE R Lesent
i nvent i oA"Y ‘f’eurfﬁ’ﬁ\‘/“rTEBP‘ﬁ%téo&o?@%&pparv@ hor é%lg‘%)ie’?é %So”g?gur es%%%%ésgﬁgmf 5 As
shown i n skjughbeethds miyite wabiatiatapsaratncefifiese B processi ng system 10 coupled to

an imaging system 11 _.a control. system ' gehgrator 13. The
control ﬁ%‘f‘%’?ﬁ s Sf"%enl?BﬁuB]I%%HleW@ f%S%P%(g?x?égleg)?&pg%ﬁjfg&%s an &l ect rode

syst em 1Figuassshawehenbliesif¢ tee ssihagodified eril &y ofFlaute®h;a processor 20, a
menory. 21, an_j nput/out.pu 110 evi ce i Lt erface 23, a
contrﬁq iFP&ué??‘Ig@éisﬁ ,m‘%‘ﬁafaﬂ(?lw TR TS %nﬁlﬁéggapégr?ﬂggdagﬁ glgc%lc%et her via a bus
26. The paeessisngclymitie sidervywbhercef dreeclrshamy indfigiroPAa nunber of systens,
such as a _suitably programed conputer, speciali RS Riguf 16 al 1 ke.
In any eVé¥e bns aﬁﬂ%@l&%‘%ﬁ %eéSpFWF(r:%f ;9% ﬂllen%%ﬁ eés&%g%logg{ ay, }ghg(l:lh as a
conput er sgRAdatio Bia@tmidfiehelpigets ofFikey bomdified tndclodeenstecmeder ot her i nput

devi ces such as. a se, joystic trackbal.l j i LNg

yst om 13 FHEH it o Ve i Bperbf ol 1y | Pl ARG

coupl g5l t@F 1R pigbkted DEROPEFigike 1Ghe | magi ng system 11 is connected to the

processing systemvia the inm i nterface. 23..,20 The pipette system 14
B TgaerL e gougrecs PR !

i ncl udes BEPF petsesenBin PRt OLFIEHC 15 coupled to the control
system I1Bgwta3A iflbiseensyis taeigradof tha piste of Rusolt modifisd &t mriud 2 iradiationpl ed
to the processor via the control
source;
Figure 13B is a schematic diagram of the pipette of Figure 3 modified to include an alternative
20 radiation source;
Figure 14 is a schematic diagram of the pipette of Figure 3 retrieving a number of cells;
Figure 15 is a schematic diagram of the pipettes of Figure 11 positioning cells for subsequent
fusion;
Figure 16 is a schematic diagram of the pipettes of Figure 11 and fused cells;
25  Figure 17 is a schematic diagram of the pipette of Figure 3 modified to include a radiation source;
Figure 18A is a schematic diagram of the pipette of Figure 3 with an alternative actuator;
Figure 18B is a schematic diagram of the operation of the actuator of Figure 18A;
Figure 18C is a schematic diagram of a first example of the pipette of Figure 18A modified for use
with a bladder;
30 TFigure 18D is a schematic diagram of a second example of the pipette of Figure 18A modified for
use with a bladder;
Figure 19 is a schematic diagram of a cutting tool used for cutting cells;
Figure 20 is a block diagram of an example of apparatus for automatically fusing cells; and,
Figure 21 is a schematic diagram of the apparatus of Figure 20.

35



interface 24, thereby allowng the drive system32 to be used to control
notion and operation of the pipette, as wll be described in nore detail
bel ow. 25w6Biogitbzaes y, the el ectrode system 15 is forned fr@crTtawes3medeet r odes
35 coupled to the control system 12 via a drive system 34. Again, the
control system 12 allows the drive sys]t3e‘m 34 to control the position of
the el ectrodes, as will be described in nore detail below. In use, the
systemall ows a user to select and nove individual cells using the pipette
system 1Betaﬂ&DD&%ﬂpnap¢1TtB@Piesdreed®hb®imeuspI aced next to each other, this
allows an electri.c field tog ecap Jodes
35 t her eby et&%[@ aPPtaéatEseT“Ft%bq‘f £ ’8‘8 eggrl‘&n% th%g‘%seﬁ? it P’Z\l‘@gtﬂ hrge %ES%M
appar at ua;lthﬁefaéﬂcalftgﬁgurasslﬂhﬁd\/&. schematically in Fi gure 2 such that the

pi pette 33 and the el ectrodes 35 may be noved relative to a well array
shown generally at 40. This 35 allows cells to be noved between the wells
40, 43, 4A2sho¥d in Fihuredl thedbparahiss indlBdes apresersing sysii 0B¢oupled KEanRTTEiAg 300660
-14 l\/bve nt of .the ette an t he el ect tion
of the. coliSBBHaTERArUL: B se D ol RATcdqyia 35 (UERy [ eke
appr eci akgeni Iadnd h elefifode ey, sydbem 10 may be used to control
positioning of the pipette 33 and the electrodes 35 allowing the pipette 33
and the electrodes 35 to be inserted into and positioned within a

respect i Uge pidCesdihg tyseemvel insludek,a processpr 23 2 henfyy 2 henrame/outpiidl/@ éavirs28pe 31

is arranged to.i el ect .
r epr éLenfAimass “Hg?%ﬁgf? Eﬁtlgt\é\%?ce%’saenide Seny! lné%fl&cah Eﬁgf‘;sgg gry‘é%atb ot he
user usi ng. THeeprddehinpeysten m@?cher&tfdrel e gerae af a nuiberpyf opserss Mephay gtseigblo |

adapted to control t he pi and t e e conAan W|th
i nput  coRFASFIRMSIROBIPYEY SP?E?IIIHS rq}’%aée oF i 1 cﬁi/ag}gigee\l}?g}éé d%% E}{gdelﬁf}et 0
achi eve idnidss a &iffayp E@BeS s bargpuser scaitorld taitke, Dleybirkd anborp@rmrmthernmber of
functions, si mul t aneousl su resenting an image of the well
array 40 PBePHE élmobl??/t‘t}fgw%% @D&}l%@ ?g Respondi ng to conmands i nput
via tfge UO device 22 to nove and, if required, actuate the pipette system
14; Respondi n to co I nput s Vi A . "

el ectrodé@ef‘ﬂag Stemg]m’ffguﬁlﬁ? gﬁm’t%a%o%anéynochaﬁlﬁao\%?}gzlﬁhé&iglﬁgé{getﬁ}ggeO%Z to
appl y an mtsdopé gal Tegmaging eystdne 11 20 calneditd odths Bécessiiy ystew e icemsge by
havi ng t he %aéo ssor 20 execute appropriate application software which is

stored i Ay nory 21. 25 The pipette is shown in nore detail in Figure
3. As shown, the pipette 33 is forned froma housi ng

20  The pipette system 14 includes a pipette shown generally at 33 that is coupled to the control system
12 via a drive system 32. In use, the control system 12 is coupled to the processor via the control
interface 24, thereby allowing the drive system 32 to be used to control motion and operation of the

pipette, as will be described in more detail below.

25  Similarly, the electrode system 15 is formed from two electrodes 35 coupled to the control system
12 via a drive system 34. Again, the control system 12 allows the drive system 34 to control the

position of the electrodes, as will be described in more detail below.

In use, the system allows a user to select and move individual cells using the pipette system 14.
30 When appropriate cells are placed next to each other, this allows an electric field to be applied to
the cells using the electrodes 35 thereby causing the cells to fuse.

In order to achieve this, the apparatus is arranged as shown schematically in Figure 2 such that the
pipette 33 and the electrodes 35 may be moved relative to a well array shown generally at 40. This
35  allows cells to be moved between the wells 40, 41, 42, 43, 44, 45, 46, 47, 48, as shown.



50 defining a chanber that is divided into two portions 5 1A 51B by a

pi ezo-el ectric elenent 52, as shown. The chanber 51B is coupled by a port
53 to a fwexBhdH23i ube 54. The flexible tube 54 includes acraw@3o@opl i ng 55
that is adapted to cooperate with a female coupling 56 positioned on a
shaped gl ass nozzle 57 having an apertldre 58, as shown. 30 In use, the
chanber 51B, the port 53, the flexible tube 54 and the gl ass nozzle 57 are
filled wwth fluid, with the chanber 51A being filled with air and_ seal ed.
APP| yi NOMGveRieht &Ml pifetiehad ficelotrodes Bt tsrbitiewt dieperatB, of fieofreperiiminEauses
the element tq the irecti bR Risdd 8

pol ari tysyﬁffm@ﬁe%p‘%‘f‘iogd“&ﬁ‘@% anre‘il%ted ot HBE)%E@&I@ gﬁaﬁgggggrt ure 58
posi ti ongdirbl cfs{tidhﬁlgldi tﬁa@lpafte t3heandethé $1e4t19des 35 a114>8flngc‘él§sl?1mjtet Reanfpthe

03/ 102125 PCT/ AU03 1.270+ el r bR vegghn the

di rect i gilecgPdeste 1 er‘BWtS%)m\tIﬁ *}“gpgﬁ ¢ easv,vcg,\tE égs\%g‘ﬁl}ﬁe of t}%ﬁg&ll@éﬁ‘;mg? 51B,
therepy causing fluid to be drawn through the aperture 59. Simlarly,

causing the |ezo el.ectric,el enent N Lihesdi r egii @fat @er ow 61
will dec?‘%ﬁ‘%’éﬂocr‘hé < BYTRERST 34 F?emaélﬁedﬁé lmaggg&&t%de‘rv%% 4€ausf4tr§gf:1§ill did to be

expel | edeehfatentabn bie apasdivisia &icted wati car b digilayed thhe phpasing thedfD Bevice
activated to draw in or expel fluid through the aperture 58 depending on
t he pol a?%ty of the current applied to the | eads 56. Accordingly, in use,
the leads 56 are coupled to either the drive system 32, or a separate

acti vat| on system to allow a suit curr e as
r equilPedn Zeoerh EerRIPHTETS TSR @HS ?‘%@ §t a?nér%g{she |pEsp%tlEésjlg§ hﬁ(@&lgﬁfseg@ogg% PSSB%M | |

now be dgs6idbi@dvith ikpte wmamaé\mavar fmmheofsertvhaethcrﬁow@mc@zz flaordegtocashies i n

accordance with the presen j tdch
r ef er encBis; g W‘ﬁﬁsrsglgint?rﬁ “é)ﬁ’P?‘i ° pél%ongtaél %ﬁx{kg{d’f f&ﬁg&lﬁ?ﬁéﬂlgﬁg ssn(t: he

cells toyhe fused. At step 110, the cells are placed in a fusion well. 20
At step 120 a predetermned electric field is applied to the selected cells
to cause the cells to fuse. Cells that are placed in an electric field

Wil i St 0rfredehhof dn@ingld of thelv@ilIrara @ ohi thd wsevorcthell/OYleviddd2; f | eI d distortion

i s dependent on the geonetry and el ectri.cal opertle and
that of PheReSBQHdFI@JﬁdPW@%%FrIPP‘EIVé%t eL[M/ fiﬁvdc fo mﬂ%?vaé%r (rﬁr% ‘1“8? a?ﬁ”% g%

that is hi g@) ondiedi ve, due to the 25 accurrul ation of ions such as
pot assi um %& ions, and a relatively high dielectri

gg The
. Respondmg to command inputs via the I/O device 22 to move the e ectro and,
e Responding to commands input via the VO device 22 to apply an electrical signal to the

20 electrodes 35.

This is achieved by having the processor 20 execute appropriate application software which is

stored in the memory 21.

25  The pipette is shown in more detail in Figure 3. As shown, the pipette 33 is formed from a housing
50 defining a chamber that is divided into two portions 51A, 51B by a piezo-electric element 52, as
shown. The chamber 51B is coupled by a port 53 to a flexible tube 54. The flexible tube 54
includes a male coupling 55 that is adapted to cooperate with a female coupling 56 positioned on a
shaped glass nozzle 57 having an aperture 58, as shown.

30
In use, the chamber 51B, the port 53, the flexible tube 54 and the glass nozzle 57 are filled with
fluid, with the chamber 51A being filled with air and sealed. Applying a current to the piezo-
electric element 52, via leads 59, causes the element to move, with the direction of movement
depending on the polarity of the applied current.

35
Thus, in use, with the aperture 58 positioned in fluid in one of the wells 41, ..., 48, causing the



menbrane surroundi ng has a very |l ow conductivity and a | ower dielectric
constant. Accordingly, the degree of the distortion of the field both

i nsi de amsomatigldlde of the cell is a very strong functionPgfi/Atve/oéasequency
of the applied electric field. As a result when placed in a non- 30 uniform
electric field cells wll experience al¥orce whose magni t ude and direction
will vary in a conplicated manner with the frequency of the applied field.
This effect can be exploited to selectively mani pulate |iving cells using
r adi o- f r giexefeyricdlémenn &2 tangowe ie dher dirsctianedfdle avomaglevilingreass thetvalyme of the

el ectrodes. . Th venent of partigcl j e sbl &id8arlyvS cdueinerkeed to
as di e&@@?romegﬁ%gca‘( m‘g%od&i ‘?gﬁg’é%@éﬁ%eg?&asﬁy@#g? gs argegon t he
particl epieabelddute eippéritcatib amvefin theedireatitinooffareyuene|il ddczeaser the volugr §f the
typically in t egjion 10-10..00 2125 PCT/ AU0O3/ 00660
-16 a po af‘ibﬁreﬁ&%‘e’%h}‘ &0 %lfl lﬁlgo E%Ql%%ﬁdﬁ%?ﬁ%ﬁ}éu Slq%égcel s into close
contagt with each other. A stronger electric field is then used in order
to induce el ectrical .breakdgwn of h ' - i ost  of
cont act . A f@n@&nﬁ’mlﬁ’%ta c@flgbgt arcgy%gdragot fl%ﬁJ ltnr ?rg%%rgg hgﬂlae_t?rooggi stﬁé;?éegtg?l f usi on
that is dgrAEMbai thakblritywftiewerss-appliedss the lepds 56.i Acqortingly ieateetie deafyd®d

hybrid |1t h ti [ | ) Qka9E ¢ t
of 1 gi nal SEsPIRC AT ATE Sl 2 PGB W h SypRIOUIAL L AL R

a recovekyactedit thapipstiess rd@dredef ore bei ng checked after a predeterm ned
time period to confirmthe cell has fused at step 140. 10 The fused cells
can ttven be collected at 150 and used as required. Detailed Description A
det ai | ed Tax appiee irofhitthiee aEiatod inisedivi fog celirewiipoaradesstiedd. t he present
invention will now be described with reference to Figures 5A, 5B, 5C and
5D. 15 In this exanple, the well array 40 includes a target well 41, a
partner wlelvid, a washing well 43, a fusion well 44, a recovery well 45

and a hybrid wel | 4@6”] ur.pose of whi (%} L L iRendssehi R6dbNwillRéw velet ai |
bel ow. 26VeEiHo5 nieﬁi—? toégléf'érfg cae{r%%mp%g %%Mrc Cel'l's are placed in respective
t ar gets anidscpiéd wigh rednksto Fifirs4. procedure will generally invol ve suitable
preparation of the cells, which may be achieved in a nunber of nmanners.
Thus, for exanple, this may require that the cells are recovered from
sanpl e  ghpirEsuland sip.306 the weraplpetofiricellsgo bafugere Avotentli G ks, cellsargplacagedn p
array woul d the{‘n be sterilised before appropriate fluids are inserted into
the wel | S99 ¥& used. The target and partner cells are then placed in the
target and partner wells, 41, 42 respectively, with the cells being held
'n Sug(g) enzftl s%g 1I26] a%reeaggr%%rlxe\éeele% AT gp'p‘lllléc! 37 selected cells to cause the cells to fuse.
Cells that are placed in an electric field will distort the field in their immediate vicinity. The field
distortion is dependent on the geometry and electrical properties of the particle and that of the
surrounding particles. Living cells have interior (cytoplasm) that is highly conductive, due to the
25  accumulation of ions such as potassium (K+) ions, and a relatively high dielectric constant. The

membrane surrounding has a very low conductivity and a lower dielectric constant.

Accordingly, the degree of the distortion of the field both inside and outside of the cell is a very
strong function of the frequency of the applied electric field. As a result when placed in a non-

30 uniform electric field cells will experience a force whose magnitude and direction will vary in a
complicated manner with the frequency of the applied field. This effect can be exploited to
selectively manipulate living cells using radio-frequency alternating electric fields created via
suitable electrodes. The movement of particles in AC electric fields is referred to as
dielectropherisis’ (DEP) and is independent of any net charge on the particle.

35
The application of the radio-frequency electric fields, typically in the region 10-10,000 kHz, exerts



At step 210, the user selects a target cell fromthe target well 41 using
the pipette 33. In order to 30 achieve this, the user wll arrange the
wel | arrayod81eueh that the target well 41 is imaged by t IR€T/AUvBgoGag
system Accordingly, the target well 4]q is placed under the m croscope 31
so that the canera 30 nay generate ant ‘mage signal and transfer this to
the inmage interface 23. The inage signal will then generally undergo sone
pre-processing in the image interface 23 before being transferrle_ld to the
pr ocessox padkivedDER figres tb steciwendells, urging thepteble &2 icloge cBBAC G c2¢hh Pihgik aftpl e,
the image interfac 3 . f : | W48 celas thembfah&h 1S
WD 03/ 10wgerﬁ%ﬁ?ﬁ%@%ﬂﬁ%@%ﬁggwﬁﬁé&g@g&%g @Tg gtg? d&?gcglgdﬁggg)g from j ncom ng i mage
si gnal s. athér paptadcattadtnahe dostralled elefoe-pareticadripgery harocess 9€ edkiysion @abg‘f ore
bei ng presented.to. the user i Ryt / A HNRIUsRMmaadj géstie t he
rel ati veSEEShes T & r‘:ivﬁrée'rrﬁltgérr{%sgglﬁelngﬁa{:gﬁ%tghdeﬁ@m?edlzﬁybg;ﬁr ay until agbgui t abl e
targes mmakdp khat i ashmbinatichid theswee otigieal cellsékat whes fedcessi ng system 10 to
control the position of the pipette 33. In particular, this is usually
achi eved by having a joystick UO device 22, with the processor 20

r espondi mMge fusedsdetiathen faneraily hlecgddy strgookery wel ehserat3d e eschplicd Fitere
transferredq via the control 4nt t ontrol system 12. The
control Bﬂ?g?tgmnﬁlqunetpﬁﬂ?‘{:tglcfn;/ﬁr%letﬁ% %)e?iﬁrlg%% rdoa%tgpﬁ%o?i on control addressing
anplifier, which is coupled to a drive system 32, such as suitable stepper

or 10 serv tors. .By s ' sgnsitivity control, this

al | (E))\(/@ t%@eﬁﬁgqocteﬁ%‘??n ﬁe bﬁéo%’lc%g {%Sﬁggﬁ%gaéﬁtﬁﬁlol |l ed to high degree of
accuracy. By arranging the m croscope such that the pipette is shown in the
i mge presented on . the display, this allows the user to position the

pi pette ?Stw{lﬁeﬁcﬁ'é’“ﬁ?pette aperture 58 15 adjacent the selected cell. At
this poi m detiilRe cumeple ¢ thevattbed dhuesiny thetprrad ofothe pradent iNeatiqn"HHBUBH t he
aperture 58. The_.cell and_.the .Su i fluid will be drawn into the

pi pette, dﬁﬁcf%%"?‘f&rf#‘?éenf%ﬁpglzé%meéesﬁl’ g%’g’{dg%d?ghoved fromthe target well 41.
20 Soretines, it is difficult to separate individual cells wthin the

wel l's. This.can be overcone by. .r [ akb4%dine. PiReidavdicause
t he pi peﬁ?ﬁnsce&a’?‘@lﬁetg? gﬁﬁ?“%’r%n?lﬁgegggggeg%épQp’leatflﬁghvi a t he ‘{)i S{egtte_ aperture
58. Agi t ahdienwal 44, heedoketi cvelt@idiandr aylatidrestletft thel Purpese v hich fwill he desgriped in

t hrough the E‘f[[)i, eite aperture 58 wll usually allow a cell to be separated
f rom sur rfih tﬁgbe%’f'ls. '25 An exanple of this is shown in Figure 6A, which
shows the hydrodynam c streamlines 70 as fluid is expelled fromthe

i pet £C? aIBcesrtépuio% tge8 'taréb‘e% aﬁg' %%er E:QFS a?él 91%&‘33’19 qggpgcti% rta?é’éiﬂahél Béither Waii& hThis

procedure will generally involve suitable preparation of the cells, which may be achieved in a

number of manners. Thus, for example, this may require that the cells are recovered from sample

plates and washed in appropriate enzyme solutions.

25 The well array would then be sterilised before appropriate fluids are inserted into the wells to be
used. The target and partner cells are then placed in the target and partner wells, 41, 42

respectively, with the cells being held in suspension in respective enzyme solutions.

At step 210, the user selects a target cell from the target well 41 using the pipette 33. In order to

30 achieve this, the user will arrange the well array 40 such that the target well 41 is imaged by the
imaging system. Accordingly, the target well 41 is placed under the microscope 31 so that the
camera 30 may generate an image signal and transfer this to the image interface 23. The image
signal will then generally undergo some pre-processing in the image interface 23 before being
transferred to the processor 20 for any subsequent further processing.

35

Thus, for example, the image interface 23 may be formed from an image capture card, which is



represent lines of constant force, spread out away fromthe pipette
aperture 58. Simlarly, as the cells, shown at 71, 72, are entrained in

t he fl ui awbloomp21ehis will tend to cause the cells 71, 72 tPaT/AAD3Pefmar at e as
they are expelled away fromthe pipette aperture 58. In any event, once the
user has selected the target cell at 'slf7e1o 210, the user washes the target
cell in a fusion nediumin the washing well 43. In order to do this, the
pi pette containing the respective cell is positioned in the washing well
43, usi ngsetl lecaptBginagesaidn moorhing imapy sigeats. 1The chptured imageds thive fopBatisid hutthce 33

as descri bed ahove ce the pi.pett ' {kd d inside the washing
wel | 43, PP Sorgﬁ\é‘éﬂo{egé}%pFeé%%fttgg]efg%g‘% fl%gjteg/g’s dteg{cgg%se fluid to be drawn in
t hrough and expelled through the WO 03/102125 PCT/ AU03/ 00660 -18 pipette
aperture_58. In.thi . the cell is 1 g LRt aNS i f hsSiaRR:

medi um i ﬁg%lu%%dﬁ‘fspfdﬁe et %ﬁlaoﬁﬁﬂhﬁénﬁlcr?sgﬁ%\%f%%%&gﬁy3ﬁtllca§(§gie_s the cell

t 0 be 5wasdiEd showar tThe nsepthen usek ¢e prdvessing eystam dh®fcentsol thepositipyed thepitetiesl t o

the fusion well 44.at st 30 hi,S..L.S. . Y | E.L Q0H
i pet te Sthctnetiat mnEP agited sV phibEe iR SR AL L RO B RRPot BE
pi pette 28pdndingugkigidiefqm fetitysticke generae GBimapdewhidh agltspnsferredtvin the paitiat  t he

target cell .is urrounded in fusion i . t | L um
cont ai nedFF°¢ %le”sotth? &%’tﬁogglsﬁem4lfi é:m%rjgs%g%ﬁ% lﬁenﬂlﬁtg@gﬁ?ﬁoee fgrlnlf)egtf%ogr? %gB?!())ﬂJpl ace
t he t ar gesnt@ehddrdssiharhpiefief, wdiichris valpled 4oda drivessysgn 230uclSisepiableleppdrtr iy 230

are repeated for the partner cell, with the partner cell being placed in
the fi¥si SAYWEPI™44 next to the target cell at 230. As an alternative to
perform ng steps 210 to 230 separately for each cell, the target and

partner _cells.may he sel ected from.t I ect. I t ed
t oget her BYHS¢ ﬂ%ap\‘i%’%i’tﬁﬁené’gwty E@tmfi@ ! %?Wﬁﬁéra%oﬁlglp %é?trn e p?l%trtr%flﬂ) §ncg§€(§1g§%(%1o t he
f usi on walgh dégdree Aacairhdy. B adesging the ehidroscomr sactdthbiathé pipetteoiw/shawn inghepimager abl e

[Ohi ve Grkted'qn ind fighSy B5s BRRS Py pAN AT ipliR 23308, BLRGLe bl SET 1O

irs ace e targe rtner cell
71 i n4 hedjheesi hossMetdd cdd and t hen place the other partner or target cell 72
adj acent thereto. 20 In general as adding the second cell 72 wll cause

fluid to be transferred into the fusion well 44, this al so causes npvenent
of the fiAtshis feht] thd dser hdtivitss thbpipetpeXias dlalvyflunkio elssaghythe apertap S&t €l oellasd i vat e

the pipette 33 nti?!.th both cells can be dra Ln .t e. Dl ih
si mul t andYrr ‘.m%}él’sg Vﬁqeg}rwﬁ’il ﬁﬁlﬂze %ﬁ“e\ﬁﬁlgﬁmﬁ\é% TEFY cgll Sf)rl]l?e r%&ge?téﬂ% Fawn in
to the pipgittenaperture sinultaneously, the 25 hydrodynamic |ines of force
70 cg&ver ge as the fluid enters the aperture 58. Accordingly, this draws
t he |s 71, 72 together. The cells can then be expelled fromthe pipette
33 with tdagetgtd, & is BiFficul 16 Wéfaratd @iividyalodelis @ithinrthe wellsf UBiioernpreareseme by be
performed. In._an even% once the er. has posi.tioned the r .3nds
par t ner 6@3{ef‘t§d1|’>’ ﬁgsterﬁtgqgf gplaﬁt%mlclausggﬁez%aet&eﬁ% Pepeatecily 85§ ih'aGd %}%epﬁﬁld% the
pipette aperture 58. Agitation of the fluid medium and repeated movement of the cells through the
pipette aperture 58 will usually allow a cell to be separated from surrounding cells.
25
An example of this is shown in Figure 6A, which shows the hydrodynamic stream-lines 70 as fluid
is expelled from the pipette aperture 58. As shown, the hydrodynamic stream-lines, which
represent lines of constant force, spread out away from the pipette aperture 58. Similarly, as the
cells, shown at 71, 72, are entrained in the fluid flow, this will tend to cause the cells 71, 72 to

30 separate as they are expelled away from the pipette aperture 58.

In any event, once the user has selected the target cell at step 210, the user washes the target cell in
a fusion medium in the washing well 43. In order to do this, the pipette containing the respective
cell is positioned in the washing well 43, using the imaging and control system 11, 12 to move the
35 pipette 33 as described above. Once the pipette 33 is positioned inside the washing well 43, the
pipette is repeatedly activated to cause fluid to be drawn in through and expelled through the



30 user then arranges to place the electrodes 35 in the fusion cell 44 at
step 240. Again, in order to achieve this, the inmaging system1l is

posi ti oneaogatriehat the 1/0 device 22 presents the user WCThUoOanoGeomge of
the fusion cell 44. The user can then glter the position of the el ectrodes
35 by providing appropriate conmands “Wa the 35 1/0 device 22. Again, this
is usually achieved by having a respective joystick or the |ike provide
control signals to the processor 20. The processor then transfers ..

appr opr i gagete apTMBNES. Singhia veyyihe calilis Gepeatedly phowaT/ the fysiop ggym n PgVshine
control interfage 24 to.the contr S control systemthen

acti vat é’%eutﬁ@naﬁe(}éemoé'%'t@ﬁ? ?%?ﬁf%gisﬁ?y&gggs%asgﬁ el ectrodes 35 to nove as
directed by the user. An exanple of the relative positioning of the

el ectrodes_ 35, the cells 71 2 .4an i hits, 3302@8s isS
shown i rFUEREAoES W%@‘ ﬁ}‘?dm%rdrdn\?\%rlsgﬁe %thgv&éipdgg?éh%cftgiégg%g%?tgn%&on view of the
fusi on  abBleledddy dositioning ehefpirziio 3 bethawyaginelwrlndddand traysng te erdapd cdllfaioce | s
71, 72 are positioned close. t e her ! ant | : Bt tdmeis

el ect r od8g Pgstie ,&% tgﬁ’lugh &%Blget?eh%pe%g Iés)gt'n%ecg}lc’grgl(t){?ﬂybgtt :&ﬁé %égﬁfg{grﬁ%s they will
in any exeoindeeinfugetmtdigrtaheppokyd to rethappdiimdontpived ipithedirestivelldlas will be
described in nore detail below 10 As shown in Figure 5B, the next step is
for the user to determi ne the sequence of electric fields that are to be
appl i ed & dsbehaehssthabpigtieps Balack dfedargetesi ingo tha dusimords4d s gter ¢39-ePFA0 and

t he signal ner at or 0 ner . r M GuERCee1Bd4 St ep
2. 108 Hiado SS0E Peretred T b AR 5L Sly M S iIclh Bl PHCcatn AR GURAGRIRIL |

vary depgs@ionBe @rpet dtfl ap2d0t i cul ar i npl ementation of the invention. A first
exanpl e by which this may be achieved is shown in steps 280, 290. In this
case, the processing system 10 applies a predetermned electric field to
the par h\Beh aRadativarg etrfeiigssteps2e0 tePbseperaisly foheachetkellsthe rgehandpatiey j ¢

field is then ysed to, determ ne the I ' iRy edi dpr the
DEP el ecfisday; &) sglepied, 8?10%? rets%ec%‘r’el vr‘{fjlﬁt %gtﬂgellell sShétagtg the?rg %6%12% response

can alssoplife HaRtntositaitatetishetotirdusiorswvdiM4pul se sequence (including the
frequency and anplitude) required to fuse any particular pair of cells. In
particular, the processing system10 will apply a field having a_.

pr edet er pisRAN Hel REHIBEE Jh moteedefailemplion diyis qeaferelie forbe £¢llse’ lad} tsbeaosfifnrd an
optimum frequency i s,  determ ned at ich. I ells
to cel | safiasrat Posagh efhere I8 t‘?p‘]c?f ﬁ’e*’rcg‘lie é,\%(gupst ?ﬁstaﬂgﬁe%?feﬁ ﬁéﬂ J?gglﬁﬁhtgdtﬁg%?a???lgﬁs

Thi s respeneeinafc fufien well b4 artdahdngacDER ofleeparimpror firgdt dell Zdigent thsedur due to
the generation of electric dipoles within the cells, as described above.
The r<sponse of the cells to the electric field can be nonitored either

aut ormat i gRlbitrddys hdtig@e bdvend pallor2esiionu@Cluik wche tensfopebiptd te &isioratrdl 44,

ol oct o (BarsecuRgUBHERSH PR NATH sBar e HErbperdifnerllagqs Mtutiy L en
the pipette 33 until the both cells can be drawn in to the pipette simuitaneously. As shown in
Figure 6B, when the cells 71, 72 are drawn in to the pipette aperture simultaneously, the
25 hydrodynamic lines of force 70 converge as the fluid enters the aperture 58. Accordingly, this
draws the cells 71, 72 together. The cells can then be expelled from the pipette 33 with the cells

being sufficiently close for the fusion process to be performed.

In any event, once the user has positioned the target and partner cells in the fusion well at 230 the
30. user then arranges to place the electrodes 35 in the fusion cell 44 at step 240. Again, in order to

achieve this, the imaging system 11 is positioned such that the /O device 22 presents the user with

an image of the fusion cell 44.

The user can then alter the position of the electrodes 35 by providing appropriate commands via the
35 /O device 22. Again, this is usually achieved by having a respective joystick or the like provide

control signals to the processor 20. The processor then transfers appropriate command signals via



30 nenory 32. The pre-programred pul se sequences woul d be stored in a | ook
up table (LUT), or the |like, in accordance with the field applied to
obtai n t wodaeddxiesl response. It will be appreciated that PCRiABMA6@O mati on
may need to be determned initially. Aﬁcordingly, each time a new | ineage
of target and partner cell conbi nati"dd i s fused, the pul se sequence used
to achieve this successfully wll be stored in the LUT and the nenory 21,
together with information regarding the conplete set 35 of fusian

par anet ehs cadtroniterfact R tolelsd coatiolr wsioone Werscwrekpysisam thymactyplse dss8ive20 can

t hen use the indicati.on,of.th ul se sequence from
Lhe LUT sveie a4y oS B Ao R B gt Qe B e o e e o ogr amed
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particul ar of ,target and r r G i ian- ihB ni i
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used, i .0 t he .proce 2 t I
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in _ pes provi y the user at step 300. In any
event, t&ehethecdubitmtiplly sewsadheroasdapp! b this eee the By negd pgf hedyetach® cel | s

to fuse by at st 320,. 10 At st Al - ! i
the fusi g‘ﬁy %‘D e e‘feﬁggﬁlérg?d té’%eghneir Eﬁ%?e?ﬁ%l%gg%eﬁ%ngrf% S tggg%g%l%m%ﬁgn Fotd [ 11
el ectri cadtaibidwi our of the cells to determne if they have fused to create
a fu% te cell. If the norphol ogy and behavi our appear favourable to fusion
then‘t/he fusate is transferred using the pipette 33 to the recaovery well

45 at st ap sk in Fiperd I8, tealexistepdefor o usetd detaminsthaniypnecsielegirie Sgld3 Hat
m nutes, typical |l nder ten, for \ : Led gl he
User canse ip i PiceSdr peb 3R BiialeRigde PR Sa R aTIu M el 17,
whet her  phRratdt9B tgapearabsddmainbéprscsaqeessh ok 270.f it is deternined that
the cells have not fused at step 340, the user sinply discards the unfused
cells with the pipette 33 at step 350, and returns to sel ect new cells at
fs tep 1310The Qlaf;ﬂbl‘ﬁ & Phizi elik dsar dduemines theeloptriseidld Wil vane déngsding o &e| paftisulapf ¢
or approxinmately 45 m.nutes before I i : .
Dur i g ATBEBFTRIon RGBT R A0 B By BRE B8 iy SE KRB (A e
hrredl um t oge mlgou fIsl’ﬂgBis c@abd, figr @otessing Systetn 16 appdiee pmiredstirmined cletfec figlaodbe el |
as not conplete fuysed at step.380 it hen t I Sl s ed
cel I s usPAgt A tﬁ’éﬁtecteﬁ% TEPORYe Bﬁ‘ﬁgﬁﬁs lgﬁrh eﬁ‘egg’fézge;idsﬂ h%\gv%%:%ﬁ? tsht}at sttg% 210.
25I IOt Qgr \é/le_‘é@icaltpﬁﬁrdd&fsrerﬂpﬂmék foe tig DEReeléatriaficdd G bidet to being the gelisttogetheny Bh¢ d
we usi ng the pipette 33 at . step. 400, [Seed din
the. (ifbr Ferpiid (oneoe BE e cefipint TRereaas pue Sy HRE RAERhy dopleeTahe
g uring t f&ﬁlpliﬂf%ﬂé)béélﬁt@dltopﬁumy$arﬁbu18‘tl:afn ofiadls. Tropadeubr,thayodesingrastemd) oAl has
een s uc%ggl? auleld having a predetermined frequency. The frequency can then be fine adjusted until an
optimum frequency is determined at which the force that attracts the cells to cells move toward
each other is optimal for the required conditions. This response of the cells to the DEP electric field

25  will occur due to the generation of electric dipoles within the cells, as described above.

The response of the cells to the electric field can be monitored either automatically by having the
processor 20 execute appropriate image recognition software, or manually by the user. The
processor would then select a pulse sequence from a number of pulse sequences stored in the
30 memory 32. The pre-programmed pulse sequences would be stored in a look up table (LUT), or the
like, in accordance with the field applied to obtain the desired response. It will be appreciated that
this information may need to be determined initially. Accordingly, each time a new lineage of
target and partner cell combination is fused, the pulse sequence used to achieve this successfully
will be stored in the LUT and the memory 21, together with information regarding the complete set
35  of fusion parameters at which the desired response was observed. The processor 20 can then use

the indication of the response to select a pulse sequence from the LUT.



30 Pul se Sequences As described briefly above, different pul se sequences
may be used to control the fusion of the two cells. The generation of

di f f er entwpubgeisequences is achi eved by having the proce®ssra@s/oesnt r ol
the signal generator 13 in accordance wth pre-determ ned pul se sequences
stored in the nenory 21. The pul se s&?uences are generally stored in data
arrays and associ ated paraneters in an LUT, 35 as outlined above or

cal cul ated using suitable equations and data arrays at the point of fusion.
The WO 03/102125 PCT/ AU03/ 00660 -21 processor 20 extracts the necessary

parameters and th
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pipette 33 to the recovery well 45 at step 360. The initial stages of cell fusion only take a few

15 minutes, typically under ten for most type of cells and accordingly, the user can simply view the
cells on the VO device 22 and determine from this whether the fusion process has been successful.
If it is determined that the cells have not fused at step 340, the user simply discards the unfused
cells with the pipette 33 at step 350, and returns to select new cells at step 210.

20 Once placed in the recovery well 45 the fusate cell is left for approximately 45 minutes before
again being checked at step 370. During this time, the cell is held in suspension in a suitable
culture medium to encourage cell growth. If it is determined that the fusate cell has not completely
fused at step 380 then the user discards the unfused cells using the pipette 33 at step 390, and
selects new cells at step 210.

25
Otherwise, the user transfers the fusate cell to a respective hybrid well 46 using the pipette 33 at
step 400. The fusate cell is incubated in the hybrid well at step 410, with the cell being monitored

after and during the incubation process at step 420, to determine if the fusion has been successful.

30 Pulse Sequences
As described briefly above, different pulse sequences may be used to control the fusion of the two
cells. The generation of different pulse sequences is achieved by having the processor 20 control
the signal generator 13 in accordance with pre-determined pulse sequences stored in the memory
21. The pulse sequences are generally stored in data arrays and associated parameters in an LUT,

35  as outlined above or calculated using suitable equations and data arrays at the point of fusion. The



Basi ¢ pul se sequences can be conbined and overlaid to create conpl ex
sequences, sone exanples 30 of which are listed bel ow and are shown in

Fi gures 7Wa@/16825WO 03/ 102125 PCT/ AUO3/ 00660 -22 Fi gur e PCA/AStoweeed fir st
exanpl e of a Basic DC Fusion Pul se Sequence consi sting of 2 unipol ar
square pul ses, separated by sinusoi dal lwaves. The equations used to govern
the generation of these pulse sequences are as follows: vy, (t) = A
sin(cot) <t, yAt)=+Kt, <t<t2 VY3 (t) =Bsin(w) t2 <t <t3 Y4 (t) _
+K t 3 < frocesdoft 20 ¥hiracts fhenebessirn paamters andiths 1ike glared if BleghrmQsy Al eulcmaesxanpl e
of a Basic DC Fusi on Pu[gl%g. ge u e consisting of a bipolar square pulse,
separ at s ?fog?qﬁ‘ﬂ’éfﬂ i\ Pe§ e equations used to govern the generation
of these pulse sequences are as follows: vy, (t) = Asin(wm) <t, Y2 (t) _

+tKt, <1t <t2 3 (1) K12 st <. t3-y4 = As] o3 or 4@ 1kEQUr €
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frequency separated by sinusoidal .waves. e i Ot JMBI t he
gener at i éﬁreg‘?"' {BFAREEALeS Isgﬁﬂsré}afﬁséa’ﬁ%té‘ée 3?%%%‘1@0*&%\%2% hﬁﬁgﬁf&?ﬂtﬁsogi n\('}\ﬁ;é) <t,
Y2 W= Q §hduendy)signal splifier, aRowiXg the(dedired pBlss say(eucy tq be kansierred B theyglegtfofes= Q
sin(~t) t3 <t <.t4 y5 (t) = Asin(w) > t4 15 Figure 7D shows a fourth

exanpl e ot asfe@¥efc pC and exponential pul se separated by sinusoidal waves.
The equations used to govern the generation of these pul se sequences are as
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In any event, an example of different electrical pulse sequences that may be used for fusing cells

will now be described. In each of these examples, the functions are defined in the temporal

domain, ¢
15 ‘
The basic pulse sequence profiles may be defined in terms of the equations:
¥,(¢) = Asin(ar) <t
yz(t)=C(t) 1, <t<t,
v,(t) = Bsin(at) >,

where: A is a constant
20 B is a constant (and may be equal to A)
C(t) is the function describing the pulse.

C(t) is typically based on one of the following functions, although it will be appreciated that this is

not essential:
C/(t)==xK
C,(t) = Qexp(-at)
C, () = Qexp(ar)
C, (1) = Osin(g?)

25

where: K O, azand & are constants.

Basic pulse sequences can be combined and overlaid to create complex sequences, some examples

30 of which are listed below and are shown in Figures 7A to 7G.



Y3 (t) = K+ Qexp(-at) t2 <t <t3 y4 (t) = Asin(w) > t3 20 Figure 7E
shows a fifth exanple of a Basic DC and exponential pulse separated by

si nusoi dawo ssavers The equations used to govern the gener adTaaumsfoosdoese
pul se sequences are as follows: WO 03/102125 PCT/ AU03/00660 -23- vy, (t) =
Asin(w) < ti y2 (t) _ +Kti <t <t2-%3-(t) = K- Qexp(at) t2 <t <t3
y4 (t) = Asin(wt) > t3 Figure 7F shows a sixth exanple of a Basic DC pul se
sequence convoluted with a linear curve. The equations used to_govern the
gener at i Gpuff 74 Hese Piifss&ampudncsicdd@ Fasor Bulkofeguenck consjsting a5 HpiRelpr < t

y2 (t) =+K(r)(-,3t) tl <t <t2.5. Y3 (0= ] < =+K
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shown i nphis@segeendds ateus folleawst ty. Fi gure 7G shows a seventh exanple of a

Basi ¢ DC pul se Eonv l.u egi wi th an exponential decay 10 curve. The

equat i ons used: %=gg§}’é t he <gtener ation of these pul se sequences are as

12?|)|0V\/SBS y,(\(/\;)2)(HZ=ASK{1(V\E)3<$I4<2{2t£t) . ;E( (r)(Qexp(-at)) t1 <t <t2 Y3
= B sin 2 st <.t =+K(r) (Qexp(-at t3 <t <t4 y5 (t) =

Asin(w) > t4 J%vétbe“.BﬂH(‘@t}tra tl?)é(lfo%ﬁse is showﬁ(i n ?:i)gure 7G for >cll aEi %y.

15 Specific Exgrpl-e+Rn outlime<ok#he production of a human-human hybri doma

usi ng the appar %})USA&%(g}I)lgur%#ow Il  now be described. In general the

expl anati on wi T\ oS on t he |l owi ng staged of the process. Preparation

of the cells for fusion Setup of the apparatus for fusion 20
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for fusi QBuare pulse, separated by sinusoidal waves. The equations used to govern the generation of these
pulse sequences are as follows:
¥, () = Asin(wt) <t
y,(&)=+K t, <t<t,
y,() =-K t, <t<t,
v, () = Asin(ax) >t,
10
Figure 7C shows a third example of a Basic AC Fusion pulse consisting of a sinusoidal (of
differing frequency) of increased amplitude and differing frequency separated by sinusoidal waves.
The equations used to govern the generation of these pulse sequences are as follows:
y,(t) = Asin(ax) <t
»@=0sin(E) 1 <t<t,
¥, () = Bsin(awt) t, <t<t,
y.(O=0sin(&) 1t <t<t,
¥s () = Asin(awt) >,
15
Figure 7D shows a fourth example of a Basic DC and exponential pulse separated by sinusoidal
waves. The equations used to govern the generation of these pulse sequences are as follows:
y,(t) = Asin(at) <t
y,®) =+K 1, <t<t,
v.(O)=K+Qexp(-art) t,<t<i,
v, (t) = Asin(at) >,

20 Figure 7E shows a fifth example of a Basic DC and exponential pulse separated by sinusoidal

waves. The equations used to govern the generation of these pulse sequences are as follows:



Peri pheral Bl ood Mononuclear Cells (PBMC) were prepared according to the
follow ng protocol: 25 Buffy Coats are obtai ned from heal thy donors

(sero- negwta ada0tias H 'V, Hep-B, Hep-C, HILV-1 and WO 03/ 1021A%AU03/00660

PCT/ AU03/ 00660 -24 Syphilis) fromthe Australian Red Cross Bl ood Bank,
Sydney, NSW PBMC are isol ated by de‘rﬁﬁ'ty centrifugation on Ficoll-PaqueTm
Pl us (Amersham Pharmacia, 17-1440-03). The B cells are then isolated for
fusion. Untouched B cells are isolated from PBMC with MACS B Cel |

| sol ation Kit (M Ltamiopi oTeq 469-01) by magnetic depletion of T cells,
NK cells, nyelo cells,” 5 basophils, platelets and early erythroid cells.
A human nyl el dnll) Tel l'ine, delsifriated F4 was used as the inmortal part ner
cell. Set-up of (1) beK agpaupid)s £,017 £4sion A 20nml syringe (#1) was | oaded

wi th RPM rrediat&;gf_cz% .V\@;t d i>nt an incubator (30 mins at 37 Q 10 Using the
syringe a IargYe( ropie f the?warmed RPM solution was deposited into the
centre of a Petrie dish (#3). This dish was then placed on the inverted

m croscope (N kon TE2000) such that it v‘y%g si t uat edggen atF the piuR,ette.
The pi pefigerehByshays fistsh cwawle e ePriq PEPURF SHYPRSSAE ute\tggvﬁ AJUSBF Y004

al cohol / | bddBlati6h WWakest Ak stqQsBteedreao fdlloat: the tip was

i mrer sedﬁng{uﬁg&gg%égggé?v-ggﬁhg%dl\hﬂ . One endﬂgf a length of silicon tubing(#4)
(Wi th suitabl e, @drnésin@rys(#5)3twas 15 attached to a second syringe and the
other end to t % R _pRls -ﬁtﬁPMt Vag it hen gently drawn into the pipette and
through the tubfi'ng using the syringe. Care was taken to ensure that no air
bubbl &s  f or e (AmAAsiet@) al orfg ttelst ubing or in the pipette. Using the RPM
filled syri nge, (lf)lzui_g‘@\@slgt?i n,j3e\ctt@g1 into the nozzle of the piezo electric
actuator until”%t was co etely filled and a positive neniscus forned
over the nozzIJés.(t)ﬁwéS@@étgﬁd syfi nge was then gently uncoupl ed fromthe
silicon 20 tubing. Using the first syringe filled with RPM the uncoupl ed
end of the silicon tubing was topped with fluid until a positive neniscus
over t he Noowuh estia DE@usomsbovom FigheTh igb¢lpifywas t hen coupl ed to the piezo
el ectric nozzle 54. Each pipette nozzle 54 is drawmn fromcapillary tubing
(120m i nner dianmeter) from (#7) 25 The electrodes 35 were then aligned

usi ng a (ligté ¢@Isbowmnt sdventheyamee of & Basie PC BOG conpigedvith 47 expongiis! decay
previ gusl repared. par I - f R a8fcBbwgl € well in
a 96 %EI chrﬁ'ga?ge ?q#% d%gg%r?g%{ %@#fﬁ%ﬁéﬁ%&ﬁ \%ee%%ﬁ{}gsgiﬁkﬁgégi n a separate well
in the sane plAl®.= 36inld@ pi pette was then inserted into the well

cont ai ni ng the rtn lls a,suitable partner cell selected. This
(single) cell @‘tﬁgl@@g%é(f %ﬂed t‘tgkéqﬂesh wel | containing RPM + 10%
fetal calf sepyth=B&B(wilhe pi,pet€é& was then inserted into a well

cont ai ni ng they4pt;)e;/i+ml@e§lg)(r_t0@)c§ B, <r<t,

¥5(2) = Asin(wt) >,
Note. An extra DC pulse is shown in Figure 7G for clarity.

15 Specific Example

An outline of the production of a human-human hybridoma using the apparatus of Figure 1 will
now be described. In general the explanation will focus on the following staged of the process.
e Preparation of the cells for fusion
o Setup of the apparatus for fusion
20 e Manipulation of the cells in readiness for fusion

e Electrofusion of the selected pair of cells to obtain hybrid fusates.

Preparation of the cells for fusion.
Peripheral Blood Mononuclear Cells (PBMC) were prepared according to the following protocol:
25 Buffy Coats are obtained from healthy donors (sero-negative for HIV, Hep-B, Hep-C, HTLV-I and




| ynphocytes specific to the target antigen. A suitable B | ynphocyte for
fusion was then selected. 35 Returning to the previous well the | ynphocyte
cell was wopsliedsfrom t he pipette beside the partner celHCcT/AoBhoes! | s
were then visually inspected for their_ suitability for fusion. WO 03/102125
PCT/ AU03/ 00660 -25- Mani pul ati on of 13e cell's prior to fusion The pipette
was then used to transfer both cells into a well containing an enzyne
solution of 1% pronase plus a sorbitol solution of appropriate pH_and
osnol ar i $yphilifhgometht Ausedlion iRedeCrossdBiond Bails Sy§nayefiStifn FEME jajreispiristbys
before being ° hed' in._t f usi ' ' [ L9 | gEg from
a sor bi t‘gqns@o‘fe\f,}\%i%fﬁ%g%? O%S%’%’Hg‘ﬁ%‘i%g?gﬂ‘ﬁﬂ&%{?%méﬁs“m ag%cgfl)lﬂg%?r)\t Y{/ﬁeiqrg]hal i ng
and expeirbitig kdiged farhfusiogh Unhecsidp2eells ap dsolatadelras HEM%WG@MMS#IQFM t hem

to acclipatjse,! e . e s j ugted to
t he chan’gglaﬁl‘??e‘é’i ﬁbéﬁ%?ﬁflf‘*‘ﬁ%ﬁ@?"éﬁ’%f %Q%QE Fﬁé%ﬁgggagégﬁﬁqﬁg@%%eﬁgdm cal l'y
arrange bdieplile|plselanaidhatly ttyéyoideels. Wi lurian nleiom esil liﬁaﬂés@%wr 4 vasasssh pet t e
was t hen ﬁo. reqr;gﬁed froH1the well. The electrodes 35 were inserted into
the wel | 24AG"4p “S'that the previously arranged cells lay centred
and co-linearly between them Each electrode is constructed froma nickel

al | oy vm'ge of 180mrai Bl er manuf actured by the Californian Fine Wre
Conpany, =€at+ : . 15 configuration of the electrodes, their
shape and 20h@ikyringe X)) Wit laded witheRRMI helia@#d) wpesil fn veinfupaigeS0gragat 348t hat a
suitaghle electric field patterp,can b ed | : i P
pet wadn Phae o anee st Btelef g Wina JHRBCIALEE ol plo el i clMpReo "

t he arbi Petde Wist (#gnalhigdistewass then daved on the invetedahicropepe BXjlen B Orsustnigattip

di fferent wavef orns revi Qus defined b d i : 20
first wavé ﬁwﬁﬁegbﬁe%%ﬁtpdp%ﬁ‘e&%? pe“?:eft'l'recl)1 Va5 }\égg&g? %ﬁ%ﬁegwgﬂ%&%ﬁ?@ﬁg ggﬁuency
of 500 ki7bmhedohal/vad salutiomnibhé pipette, wimothen kommpteid fsp dhat thsf timpps dwhersadanythey

peak to peak, g heno a _known.as i TR

neut r al B%ﬂp{éf 8{@%92)&%@6“@8?% ?nsg}é“doi RIRS bgllrlggﬁﬁg;éﬁetﬁg{&%# da? t%%%%sﬁgéla ® non-
uni f arsm agdched tiaGedohé bydtingt el thedthes eakioahd wprited RPMlovas éhenfgerttytdrawet intorfhe hat
caused themto cpal e.. 25 The anpli.tud i el - sed
o 1ov pamis Bt GF whRe iriu iRt Rt B il ind 6 e RERESSC
cont act emedasevieat seenthcebingbl ®. the pipettd. s Using theaRRMI filled syrinperibiidvarss a
slight drift of the cells towards, the upper.elect nt er
hi o't he Ttk Rarthe Re il FsRe s At ot S PR SRPGEy A bR R ET
t 0 corr egienRt fo@tedionertthenczelk] SThpesiond syningetawshen gehdy wiceutledbites thegdicon

El ectrof usi.on of the se|ected_pajr .of ) [ ri: Once
t he | & e8§lﬂ$ lrl]l}fbf“‘ﬁé %Pﬁ‘ﬁ&@&d gltgi el t%%t"%‘g(}uﬁgggeﬁac?? #]Rn%ﬂ:tog%?ﬁég?v&ssi on
pul se sequped aitdsid wEph pedivelmenishissovientit ancth dfitee ¢anséotor. Phd wleng watthae e
consi sted of pul se tr.ains ach train consisting of 2 DC pul ses, of
anpl i tudéo%“iff,t\‘,’\%feé’éﬁf’ﬂe @CP?Fzger?%el ectric field of approximately 180kV)
each being of 80s duration. The pul ses were separated by a duration of

100s, and. each : . . .
’ Each pipette nozzle 54 is drawn from capillary tubing (120pum inner diameter) from #7)

25
The electrodes 35 were then aligned using a graticule until they were spaced ~400 — 500 pm apart.
The previously prepared partner cells were then transferred to a single well in a 96 well plate (#6)
and the lymphocytes were deposited in a separate well in the same plate.

30

The pipette was then inserted into the well containing the partner cells and a suitable partner cell
selected. This (single) cell was then transferred to a fresh well containing RPMI + 10% fetal calf
serum; FCS. The pipette was then inserted into a well containing the previously sorted B
lymphocytes specific to the target antigen. A suitable B lymphocyte for fusion was then selected.
35 Returning to the previous well the lymphocyte cell was expelled from the pipette beside the partner

cell. Both cells were then visually inspected for their suitability for fusion.



35 train was separated by 500 ml|liseconds, during which in the intervening
tinme a DEP field was WD 03/102125 PCT/ AU0O3/ 00660 -26 applied in order to
keep the w@d3soznsgood contact. Post fusion pul se sequenceCTaauG3nos®ased
DEP field was applied in order to maintain good contact between the cells
whilst the cells fused. Recovery of 4% cells to growth medium5 The

el ectrodes 35 were the retracted fromthe fusion well, and the pipette 33
was inserted and manipulated so that the newly created fused cells were in
the vicinity of the pipette aperture 58. The cells were then inhaled into

the pipette and tgﬁ piﬁ)ettetrﬁt.racted fromthe well. In this fashion the
cells nipyl 9 10 wel | cont ai ni ng hybri doma growt h nedi a

(RPM  + 1Q%ifE8)was tHeneuseiol tyanffasteh cals nsio werell dohleiningl ap epeimhessofutian ofudioe

present in this nedja. 10 Automation he, ab r.LRtd.on: n
manual UR%EnaSF plﬂ*ﬁés‘gb‘&hséf’ Q@ ofjapprapral P g (fsfngir/\aﬁﬂg(ﬁ%% c%lﬁe\beg% : S, ééagl?té%t rodes
and pkpektauarte fethintlet Befolebemg Cwistlat de theifodiorcmediem dwhichn ugentsgilit feemedser .

15 Ho ,alt ively th ' . A1
cont ot B spaP bARIOn gt eOmere P 9 (ot N BV ey C At E o By tRm
proc eSSOﬂm&gh Eeaipie SpériRgss macdgmé sllownthappd kahitnhidrego thoahangsd envdropmedt- i n

the nmenory 21. Thi | |.ows, 1 he processing Syst i I ived
from tnonperionde ByCeuiia by Be BRPEF R e Ay pBE Rt 36 MEPRR IR e
wel l's 41dynamicaﬂ§arr e WRIckl1sA® thed thetl @lerwithires-1 tyem pOHeich bthar. dFhetpipetteivectherodes
33 and the pipette 33. 20 Fromthis, it wll be appreciated that the

pr oc d9s orenpye f‘i@fnﬁ@"ﬁrnogramred to performthe procedure outlined above
automatically. Accordingly, the processing systemw || be adapted to
automatically select target and partner cel({ S h% accor.dapce Wi %Qeﬁ qg
appear andée gectiofies 5avare merierdntp Higgeell arfarragrq © et PRI &S h t he
fusi on wWellired4nd So-BhdaAWobiiRed W8 OMEatDclbRrope isf hsdied Agai anickilplloygwirhiof 25
process the processor 20 will control the_positign of tge. el | nd.t he
el ect r odé80pnTdiamsten craaufeturehdyy e CelileryrasFiph dViFuf-earagy @r‘é@lat Ej%e ABol i ed

to t hl% C%L@Praﬁ&?oﬂﬁ@éﬂa&r%désbﬁeip 2B € andSBAMGBLiRitY tPtht b&lsateaptdifes ddbnednce
eted the p

this i's co rocessor 20 can nonitor the cells Eo deterpmine if
the fusi onthetooishe tlsctyefide safer canbe senerajd|ip onder tg GiperdPll Bevemdhe ©fifs may
advant ageously be achi eved using the apparatus described in our copending
application entitled "Cell Recovery". Mbodifications, 35 Experiments have
i ndi cat edht Hlattrqdesmwere earinestedigrauaihamamuifier ‘iOrﬁhf‘saéblgﬁftywan&‘s%’éEngt@W ASEEEI%h t he

genes voltages conforming to different waveforms, previously defined by the user, were applied. The

20  first waveform applied to the electrodes was sinusoidal and had a frequency of 500 kilohertz and an
amplitude, post amplifier, of approximately 6V peak to peak. Through phenomena known as
dielectropherisis, whereby neutral particles become polarised in the presence of an alternating, non-

uniform, electric field, the cells experienced a force of attraction that caused them to coalesce.

25  The amplitude of the field was then increased to 15V peak to peak for a period of 5 seconds ensure
that good membrane contact was made between the cells. In this increased field there was a slight
drift of the cells towards the upper electrodes, and to counter this the stage of the microscope was

adjusted relative to the electrodes to correct and retain the cells position between the electrodes.

30 Electrofusion of the selected pair of cells to obtain hybrid fusates.

Once the cells were suitably arranged a field pattern conforming to the fusion pulse sequence was
applied. In this instance the fusion pulse sequence consisted of two pulse trains, each train
consisting of 2 DC pulses, of amplitude 90V, (resulting in an electric field of approximately
180kV) each being of 80ps duration. The pulses were separated by a duration of 100ps, and each

35 train was separated by 500 milliseconds, during which in the intervening time a DEP field was



needed for mtosis and of these stable cell lines a nuch smaller fraction
go onto secrete a protein of WO 03/102125 PCT/ AU0O3/ 00660 -27 interest. It
i s therefwoensdesizsabl e to have an apparatus that conbi ned rdTeAtBreddot s of
single cell fusion along with high with a throughput of fused cells.

Exanpl es of apparatus providing techmfues for inproving the throughput of
t he above described apparatus will now be described. 5 A second exanpl e of
apparatus suitable for fusing cells will now be described with reference to
Fi gures 8fians B&r té Reapakd éeti irdgoodtobmacp Pastftsis pubsesedmncntt wkiegsed REPsane

as the apparatus_described above th respec F Howe
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el ectrodes incorporated therein. Accordingly, the el ectrodes 35 are not
required with the el ectrod tem 15 utilising the electrodes within the
wel | ar r Bgeoxery@f the oglls © ‘ n nore detail below An exanple of the
nodi f isedTiebikct@aeays bv%re&h@%ﬂrabt@d Foguthe fiAn wall, ambwm pipdite 3kevds inserted/a8D 15

i ncl udes a fusion well Mount e thin the.f nber
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appr opr i Seerls &grs Fgnsferef fha &Eﬁ%bweiﬁl CONfPE gjé(ér le%fe (eﬂ(éts(fﬁg e; lg?% FCS).
typi cal | ynd iR ehskd ey geledhdundt @Us thet weré bne@elnﬂmslss mf:dla 2monto a | ower
surface 86, as shown in Figure 8B. The well array may al so provided with
one 0¥ nore recovery wells 87, 88 as shown. In use, the predet er m ned

pul se sequesirfon®y be appli ed to the cells 71, 72 to be fused using the
25 electrode pairs to 82, 8

l.LsSel ect
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pair of eleeddeOaiRDiIRe HiicB@rdllBe inplcfRlidnes whls cabesmids npat bezblmwser Once the cells
71, 72 are positioned between the electrodes 82, the predeterm ned pul se

sequence nmay be applied to the electrodes to 30 thereby cause the cells to
fuse 191 HhQePBNRAREMARSE t}iaeﬁtoaéaﬁfq{ge sydfd&ﬁ) rmot birs bk tadapted td»e:oaipcpjr the | appardtus hat
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20

From this, it will be appreciated that the processor 20 and be programmed to perform the procedure
outlined above automatically. Accordingly, the processing system will be adapted to automatically
select target and partner cells in accordance with the appearance of the cell in the image. The cells
will then be placed in the fusion well 44 to allow the fusion to be performed. Again, during this

25  process the processor 20 will control the position of the cells and the electrodes.

The processor then determines the pulse sequence to be applied to the cells, and applies the pulse
sequence via the electrodes 35. Once this is completed the processor 20 can monitor the cells to
determine if the fusion process is successful.

30
Tt will be appreciated that this may advantageously be achieved using the apparatus described in

our copending application entitled "Cell Recovery".

Modifications
35 Experiments have indicated that practically as few as one in seventy fused cells retain the genes

needed for mitosis and of these stable cell lines a much smaller fraction go onto secrete a protein of



In order to achieve this, the processing system 10 can be adapted to apply
a first predeterm ned pulse sequence to the electrodes 82, followed by a
second predessaomi2eed pul se sequence to the el ectrodes 83,paat&uosloneeni | |
therefore be appreciated that different_ field sequences nay be applied to

5 different pairs of electrodes to ali®dv different cells to be fused within
the sanme recovery well. A third exanple of apparatus for fusing cells wll
now be described with reference to Figures 9A, 9B and 9C. In particular,

Fi gure 9iishoWs: ia thensorenicyirlble 19 Matmat spamtk ithas copbined the behedist ¢ e ollp,

91B and a second jr.qf electrodes 9 2B | . are
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bei Ng CcouphBghch Gor amprogiag the Moughputtoithe abavseletchibed dppaetuanil noseesiegrrigednal
generators replace the single signal generator 13 shown in Figure 1, so
that the signal generators 93, 94 are coupled to the processing system 10,
Via an appscosid ah@ple of apfapaes 2figblé for didirpyeells él now pedesciiond wigh tséerence to
controlled. 15 1In %ﬁis exanpl e, the el ectrodes 92A, 92B are used to
gener at e FRUSEBARPEPYE which is adapted to induce a dipole in cells provided
at an appropriate location within the fusion well 90. This is used to

attract the cells to a selected ope.of the elect ) : y
aIIomﬁngh%ﬁ§“%$¥¥@eﬁﬁmﬁﬁm1%8@ﬁ?#8ﬂ%8w§@€%?%@%?@m&ﬁg%%%%ﬁﬁ%ﬂgﬁgwg%Qﬁ%ﬁ?. 20
Accor di ngd YiguieB 1USE3. HoReWE inithisakameaahatmnrs ntlides bemedifigds aelbdrraso40

generate a DEP field, A ipette is then,used .to i,ns . i-at.a.t he
fusi oY wleying Blf’c“for‘}esdmﬁ‘&ﬁ?fgtfg R BN A S e &rg%@{/ﬁg&mﬁ%ﬁ il tge case,
the cell RBrafe@yadh | Relilaehgtite déveroddsedthinotiewsParayantilhbd deserfved fmore dethil gn  as

shown. It will be appreciated that this inherent attraction reduces the
accur acy %i°Fh whi ch cells nust be positioned within the fusion well 90,
conpared to in the techni ques outlined above, and wll 25 operate to

retain the cells 95 in position during subseque pnac i in
Fi gure 93“9PPH@BQW?@ﬁ@“@g% &ME§HFS%?W1HEﬁgWEC ¥ o gs§§%¥q§%W§ﬁéﬁgf§gtrode
is  typi GAldss b FEsERCWAIr ©IM Molmddewittod thg dhsdorplvelt #idare atnombéreofipairs afirlegfrodehe
fusion well 90, the point O a be t he. c t trode
022 wi 11 ©pprhig Sih P rbe et Ehan gy laras SotecRaet M dh Bh86" 00
only of tiheni9kd@fplefit &illvib appredified agh grard namberooll glearodet way bappidyif tahe
relatively | ow power P fiﬁld and not the higher power fusion pulse, as

vV pOW
will be d@@@?ﬂ%@ﬁsﬁﬁ1%§bnw? BPE9% Wi 11 not be damaged by the procedure,
and will be easy to recover fromthe fusion well 90. 1In any event, with a

nunber of first cells 95 positigned ip the chanber 9 nunber, of secand
Col | <205 T saayodse sscn el amed dacia PEHE 1 § PUrnEs el sogsonp g g0t HRES

di pol e i nguged bR it euk isBStrné &N srr8mMi dldo prévtidedadth dnber serabmvesiwells 86 t o
forma nunber of cell pairs, as shown'in Figure 9A. WD 03/102125

PCT/ AUO3/ &(66lown. 29 Once the required cells are held in position within the
fusion well 90, a fusion pulse can be applied to the electrodes 91A 91B

via the first signal generator 93. This fusiqn puls cansi st of
In use, the Igedeten%ined pulse sequences may be applied to 816 celﬁ: ﬂ,a% toobe tjused using ﬁle

25  electrode pairs to 82, 83, 84, 85 as shown.

In use, the user will select the cells 71, 72 to be fused and position the cells between a respective
pair of electrodes 82 using the pipette, as described above. Once the cells 71, 72 are positioned
between the electrodes 82, the predetermined pulse sequence may be applied to the electrodes to

30 thereby cause the cells to fuse in the manner described above.

From this it will be appreciated that four pairs of cells may be positioned in the fusion well 81 at
any one time, as shown by the dotted lines. Whilst it is possible to fuse the four pairs of cells
simultaneously, it is possible for the field sequence generated each pair of electrodes 82, 83, 84, 85

35 to interfere. Accordingly, in some cases it is preferable for each pair of cells to be fused in

sequence.



sinple DC current applied to the el ectrodes 91A, 91B, or may be forned from
a nore conplex 5 waveform Simlarly, the el ectrodes 92A, 92B are used to
gener at e waDBRo2i2el d i n accordance with signals from the FECAONG/08669Nal
generator. Thus, as shown in the signals shown in Figures 7A-7G the overal
electric field experienced by the cet?% consist of a generally alternating
DEP field, wth a superinposed fusion pulse formed froma 10 substantially
DC field. In this exanple, instead of this being achieved using a single
set of electrodes, the fusion pulse is produced by the first set of

electrodes 91 with the DEP field bein pro :

el ect r od&509Y. 10 2FMIEYS,; tglse Sr%chssﬁlgssgsrt?rgég,carf ﬁ%&gﬂﬁlge?%f? %@géag{%& ar?% %Iémg%dovi ded
in the cghike afudnox &sliheldbetroded 83, folldGedibyt @serand predsterminedisise tspascrdede tthodes
may be positioned in_the cel nce th | | i -dfy S has
a nunber el&?“":fﬂ?/@n?ﬁgétsw ﬁlﬁer?tjﬂre PP rgcd?%%cft%% qiﬁfe%%\}c%%@ Sg@%g%/eggﬁ ?ib g%ﬁ%leianm t he
el ect s0d@gferdit sdird bbélagrotifbao albdw differantexibnb be Anedwilipths sgrhe reheves) Wk r odes
used in such an arrangenent are shown in Figure 9C. 20 This arrangenent
has a nunmber of benefits. Firstly, allowing the first cells 95 to be placed
in a DEP A inel dxa@estippstaty for iesirgl celid witldes: @2desdribodwwith tréferends! tp Figuess B4,

arranged far re easily Ln t usi on wel | ad (o tioned
Sbove. t 18 AdR dn BT Fany B ae o oo R RaFt i s Btes i 10
t hat t heyidand9tecomMRiraftlesrodbedAyenB. Rousvhe elebtuodeh®l are edupledde eliestidgdl Thi s

allows the cells tq be place S se as _fi.ve cel i .
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the second cells 96 are attracted ta the first. I ed
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pai rs, ashéhpentiattoDéconhiied.vastly aids the practical speed with which
cell pairs can be forned at correct |ocations within the fusion chanber 90.
In particular, this allows a nunber of cell pairs to be formed in a

rel atiyelny mmbekdmpkh aeeledrotiésnI2AS 9OR adSused t€ getplate o DER finld edichdy edepteditng

manual operatiaon of the pi te. 35 Thirdl as,th usi | se. .

provi ded Birce pdppley P‘CH]é ngoé’?q%éﬁte@ @R{Op?ﬁ%gg%qolnswl el ehlgfong%ugjgha%glesdsggsfd
contact Wb bhratthee s@Band selb@ed sreddshe Elbaroddsy92a, D2R theretshalogatd the 9@ls t9det 0o be
inserted into the fueji on _V\%Oﬁ/.lOZJ]ﬁS PCT/ AU03/ 00660 -30 well 90 w thout
requi ri ngoeHgredprptey ¥ihgdhe PIMLEhear to, but out of contact with the

el ectrodes. As the cells are retained in position well away fromthe first

lectrodes 91, this all _higher field strength to b th
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fusion. Jpipette is then used to insert cells 95 into the fusion well 90, in a manner similar to that described

above. In this case, the cell 95 are attracted to the electrode 92A, and will therefore align as shown.
Tt will be appreciated that this inherent attraction reduces the accuracy with which cells must be
positioned within the fusion well 90, compared to in the techniques outlined above, and will

25  operate to retain the cells 95 in position during subsequent processing.

As shown in Figure 9B although the cell may contact the electrode 92A, as the electrode is
typically formed from a layer of gold plated onto the bottom of the fusion well 90, the point of
contact between the cell 95 and the electrode 92A will typically only be very small. Thus, since
30 these electrodes are only of the order of a micrometer high, and are only used to supply the
relatively low power DEP field and not the higher power fusion pulse, as will be described below,

the cells will not be damaged by the procedure, and will be easy to recover from the fusion well 90.

In any event, with a number of first cells 95 positioned in the chamber 90 a number of second cells
35 96 may be positioned adjacent the first cells 95. In use the dipole induced in the first cells 95 will

attract the second cells 96 to form a number of cell pairs, as shown in Figure 9A.



To further enhance this, the DEP field generated by the el ectrodes 92 can
be nmonmentarily increased (-50nms) as the fusion pulse is generated between
t he el ect wadss10925 The purpose of this is to increase thec@rsengvésoof the
di poles generated in the cells 95, 96, thereby urging the cells together
with an increased force, to ensure goﬁé’nenbrane to menbrane contact
between the cells during 10 fusion. This hel ps increase the chances of
successful cell fusion. Once the fusion pulse is applied the increased DEP
field can be maintained for a short time after pulsing in order to further
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fourth exan%sé? III‘% E‘P %at U fo;at ru5| ng cells will now be described with
r ef er enc&88%° EPPHICSEOIO VD IS ™ ' this exanpl e, apparatus sinmilar to that
in Figures 1 to 3 is again used with one of the electrodes 35 being
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30 I n uselectdies, mhmglbﬁpmlsmeochm@cbysth@ﬁtsamt iofiblegtrodes HYewith HedFPahdd being dr aw
in an expel thro This can be used to recover cells from
a wel | aIPF‘ISI\‘/II’er‘Ig’ydIIf’eseEO OISIeeerd%ﬁI%zced ina fusion well, as described
above. 35 In this exarrple the fusion well wll addltlonally contain a

second el ect rode. C ctro I
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8A and sgh O‘Iﬁ%mflﬁ?@h option, a second pipette 33B nay be provided with a
respective el ectrode 100B. The

20 This arrangement has a number of benefits.

Firstly, allowing the first cells 95 to be placed in a DEP field generated by the electrodes 92 allows
the cells to be arranged far more easily in the fusion well 90. In particular, as mentioned above, the
cells 95 are held in place by the DEP field, thereby ensuring that they do not move after placement
25  when further cells are added. This allows the cells to be placed as close as five cell diameters apart
(although this is not shown in the figure for clarity) allowing a large number of cells to be aligned

accurately in the fusion well 90.

Secondly, the second cells 96 are attracted to the first cells 95 by the generated DEP field, thereby
30 causing the cells to naturally align to form cell pairs, as shown at 97. This vastly aids the practical
speed with which cell pairs can be formed at correct locations within the fusion chamber 90. In
particular, this allows a number of cell pairs to be formed in a relatively short space of time such as

a couple of minutes, even using manual operation of the pipette.

35 Thirdly, as the fusion pulse is provided by the first electrodes 91, the cells will not be damaged by
contact with the second electrodes, thereby allowing the cells 96, 96 to be inserted into the fusion



resul ting apparatus configuration is as shown in Figures 11 and 12, wth
the pipette system 14 10 being forned fromtwo drive systens 32A, 32B and
two pi pet wes0388%84,2533B, as shown. Accordingly, in this examidTmAu®loeedr odes
100A, 100B provided on the pipettes 33A, 33B, formthe electrode system
15. In any event, an electric field cat0 be generated between the two

el ectrodes 100A, 100B to allow 15 cells 71, 72 to be fused in the nmanner
descri bed above.” It will be appreciated that the provision of a second

pi pette peRY)EmhoR raquitier thafthadde potivakd nedvabubgsof codact withdlret ¢ledipégs. each
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cells ar?‘ﬁa%pr opriately positioned, a pulse sequence can be generated

bet ween €t wo el ectrodes 90A, 90B, thereby causing the cells to fuse. 25
A nunmger of additional devel opnents can al so be inplenented for the

pi pettes, These include t OVi Si of., radi at ] r ; Lasers,
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contrast B8 ween the cell and surrounding fluid medium thereby making it
easier for the canera to WD 03/102125 PCT/ AU03/ 00660 -32 resolve the
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visible radiation from an LED may not have sufficient power to cause the
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In this example, apparatus similar to that in Figures 1 to 3 is again used with one of the electrodes

35 being replaced by an electrode provided on the pipette 33. An example of the pipette is shown

25 inFigure 10.

As shown, the pipette is modified by the inclusion of an electrode 100 formed from a cylindrical
tube 101, and which is coupled to the nozzle 57. The electrode 100 is coupled to the nozzle 57
such that the aperture 58 is contained in the tube 101 as shown.

30

In use, the pipette may be used substantially as described above to draw in an expel fluid through

the port. This can be used to recover cells from a well allowing the cells to be placed in a fusion

well, as described above.

35 In this example, the fusion well will additionally contain a second electrode. The second electrode

may be a separate electrode similar to one of the electrodes 35 shown in Figure 2. The cells can



coupled to an optical fibre 106. The optical fibre 106 is coupled to the
pi pette nozzle 57, using appropriate fixing nmeans, such as a rubber tube
(not showwp o3filkzi2epti cal fibre 106 is also coupled to detrmaravms/ e, such
as photo-di ode tubes, via suitable filters 108. 15 In use, radiation
enmitted fromthe laser is used to expodk-cells. Any radiation subsequently
reflected from or emtted by the cells, which inpinges on the fibre optic
cable 106 is transferred to the detectors 107. The processing system
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detected by the processing system 10 and drawn into and stored in the

pi pette 33A, as shown in Fjgure 14. 3. |tiple cells in o} are
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propef4 i egnarie7oetRetRd i¥e hbtepiaeiisbbigesyst em 10 and drawn 5 into and
stored in the pipette 33B, in a simlar fashion. 5. Both pipettes 33A, 33B
are inserted into a fusion well 44. 6. A respective one of each cell type
71, 72, i wexpeldbsdcihe@mheashppiipeht® B3@ond3piBetat protidessamembdri afeaddiiondi t hat
hydrodynami c forces draw the cells 71, 72 together as shown in Figure 15.
7. The pﬁ@@@§@?ﬁg system detects the positions of the cells using the

i mgi ng system 11 such that

20 In particular, each pipette 33A, 33B is used to position respective cells 71, 72 adjacent each other
by positioning the first cell 71 using the first pipette 33A, and then positioning the second cell 72
using the second pipette 33B. Once the cells are appropriately positioned, a pulse sequence can be

generated between the two electrodes 90A, 90B, thereby causing the cells to fuse.

25 A number of additional developments can also be implemented for the pipettes. These include the

provision of radiation sources such as lasers, LEDs, or the like, and appropriate detectors.

An example of this is shown in Figure 13A. As shown, the pipetie 33 includes an LED 102,
arranged to direct radiation along the nozzle 57 and through the aperture 58, and electrode 100, as
30 shown. The LED is typically coupled to the processing system 10, via leads 103, to allow the
processing system to selectively activate the LED as required. This allows a cell 71 adjacent the

aperture to be exposed to radiation.

This can be performed for a number of reasons. Thus, for example, this may be performed to
35 provide simple illumination of the cells. In particular, illuminating the cells provides a increased

contrast between the cell and surrounding fluid medium, thereby making it easier for the camera to



10 when the cells are expelled fromthe respective pipette 33A, 33B the
fluid flowis truncated. 8. A DEP field is applied to draw the cells

t oget her Wetosaerm2she el ectrodes, as shown for exanple i n HETGAL®S/0d&0 At
this point the cells are pushed together using an increased (anplitude) DEP
field to aid membrane contact. 9. The ¥ gnal generator 13 applies a
predeterm ned pul se sequence to the cells 71, 72 via the 15 el ectrodes
100A, 100B. 10. The cells are again pushed together using an increased
(anmpl i t ugedivelaP cflise THisituai walten ifiagss ofithe celld prefintedpp fetusersadgAp s@3® Widve to

a new position within well. . eps 6 - 11 are repeated as many tines as
necessarﬁmﬂ?ﬁglalutoénaf‘ﬁgrf%@?uo&&ﬁﬁsc%seegswf3 are provided as shown in Figure
16. 20 13. Wen all cell pairs have been expelled/ fused on of the pipettes
travel s back through the well €COVEr] 1:h Fdsak 8% 188
recover el & mr"@é‘bg‘gr gheaﬁwga“&“ f"ﬁ%‘?s ngs {é’iq’(r%g}ﬁlbéaﬁ%({ ‘g%gég%?scénﬁgﬁps. [t Wil be
appr esi ategiottad ddudtids foateteni thel eclis Anvilyepredgirmined pegenies dsalgscribprbfop examplice of
the el ectrodes 25 100A L 1Q0B, for. e by suitabl i L Q@ the
pi pette %WO‘PW%F’Pgé%[eé‘t éP&*F%é%enéf@é%egE:Rs? Ovt\é@’c'h#l %ﬁggse?gglb{eéﬁﬁqoﬁng cells
that al | envsEDhEIV Hodhibe sufigret povat toycanr the tharkers to flvarescex divig iy bs pE¢romet al

beads are used _as rkers.to identi.f lls. of | t. LS.k Leved
by ensu F‘Fhﬁ%}’eg H’é?ugggﬁ e ﬂ%?ﬂolr‘#g]g 8%%??%&‘ ¥ ‘E‘F (%bweo?ett iv‘;ea gélg{fﬁﬁ pat ﬁ‘%@vé th? gﬁ'é[?ﬁgﬁ beads
and t her gb)chextd @gigerlader bidedsysdmh asshawurie FighreddBl s. This can be achi eved for
exanpl e by coating the beads with an antibody of interest and then m xi ng
the b¥ads into a culture of cells. Cells that are expressing the

appropri af ghis &e@pleOd lags 105 @r sthef Adietioniongte swchtahe 1Be batser Wittesugable Gites,iis t hen
filtered through a tu pl ac i n.an_external neti.c..fl 5. i ni ng
t housand§°‘6%edstgr€PI°pB@g§1§ret Wgt PR ﬁgrﬁal%hcl)ﬁ %Ougﬁ’g 9 gﬁéléegg Ingzez I?C %\%@ | st

al | owi ng apiepridR H3hd M2:ha SubiGR 2AUBKRt BH6 Gidt shodd). UTihealpeibdl ditirecidb lisaltarcdppledvas hed
t hrough and di SqurYded C%;e %ggz xter.nal.t lgggﬂeg '&& field is renmoved the
bound celt® detecigrs {HTethchas RRolndiods HRgUGH RS B2 Bnd i sol ated as desired. It
wi |l e appreciated that this may be achieved on a smaller scale using a

pi pette nodified to 5 ipcorporate an electroma t. \An I

sui t abl y TRl FrRSH9 %F?CE%\RPII eﬂ?)sﬁf bgeusﬁég ref(%oes?j%aln?st hAPRf g@%{r{;@eﬁ %E‘ﬁ%g{ur e
17. In  tbficdte® AP beemitibtebynhPaills evisdhomwpingesverthd fiyre aptickbbleil A Isudagersed to
graphite Jayer 111 posjtioned around he pipetie pnozzle 112 of
cooper withfafisigréors i%fafll?-)e HPET e S erotia g %?E%h‘%%ﬁ’é oc%lee(:‘iofjs Gy @%Sp%ggéﬁg

el ect r omagR@tand Fehovs BdivitRalcRPPEsm Wighidp bfjellahed mougdeedot 0 a DC si gnal
generator shown generally at 114, so that the wi ndings act as a sol enoid

to ge%Q:r ate a magnetic field represented by
In addition to this, in the example of the system shown in Figure 16, each pipette 33A, 33B could

be provided with an LED 1024, 102B having a different wavelength. This allows the cells to be
exposed by different wavelengths of radiation either to allow cells having different properties to be
detected, for example through the use of alternative markers, or to allow the processing system 10

25  or the user to determine which pipette the respective cell is near.

This also allows the processing system to use the imaging system 11 to determine from the
wavelength of the radiation exposing each cell 71, 72, which pipette 33A, 33B is adjacent the cell.
This also allows cells 71, 72 having different predetermined properties to be detected, by arranging
30 for each cell to respond to a respective wavelength of radiation, for example by the use of

appropriate labels.

This aids in automating the system and provides for a method that allows a number of cell pairs to
be rapidly fused as follows:

35
1. Multiple cells in a source well are exposed to radiation from the LED 102A;



the field lines 115. The copper w ndings may be provided in a nunber of

| ayers depending on the inplenentation, and 15 nay be enbedded in a | ayer
of epoxy Wo @rdensto prevent el ectrolysis fromoccurring. PiireAEBAS6O! t he
wire are connected to a variable DC signal generator and a resistor (R).
Passing a current through the wire (r ﬁrng account of Lenz's Law) wll

i nduce a magnetic field, the strength of which is proportional to the
applied DC Voltage (V), as given by the equation: B = nul = nuv 20 R
where: n2= chs muabep paletenmins] pepertien ate detntgd hy theprechsingeystera by bnd gragh fr ee

space. 25 In,use, the pipette,i Siti.o ar a nunber of cells which
may suspendgﬁj?ﬁsgmgfﬁﬁﬁpﬁ§h?ﬁ#ﬁ&?amygé ?ldegg'a substrate 116 as shown at
117. I n B3hi MulipSecellgin a seast welbare exfostde ragigitibs framéheat BRALE t o  appropri ate
magneti c markers,. such as the beads. outlined ve. |1n.
particl e gﬁg‘g %e}}?glé'gﬁ’f:? StERY RIS P dae % tgcéﬁggieﬁ%?ce%ﬁ%?&%ee&gtg tair;r(gct ed into
the i?:S) migﬁﬁdiﬂasfo}r@lliﬁlt}arﬁbeﬁamB,hteaﬁfrﬂmefaMndrawn into the pipette in the
nor ma y. This I I 1s upl ed to the ,magnetic markers, and hence
celI's hav n§° éﬁ?ﬁ?ﬁ8§$8§§WFﬁgg%%d‘Bé%¥%“€§@éﬁ: 't will be appreciated that
cel Iks W td A Bipghtee odebbtacly caf typeTl R0k sxeledhirgrh eachmipetie 33 41 3 3Maay et dame
mar kers), shoul d hav l.arger.force erte icth | ess
receptors fBPetHEh @g%%ogglaﬂﬁcg%é%ef @fa%%%ﬁ c(‘fhss?lr 2%90%%%@'?% g}?o 8?1 ggtgiggléevnshe DC
V(c)le } age i/ﬁ TRE proasiflg syteladegets theupdsitionoff theddls usiptht (nadDe04ta9 21 26ch that
PCT/ ALO3/ 00660 _-35 be d into the magneti g, fi e is fi
gradi ent caif 8‘?1}18\9\)3]?8% eéggﬁaﬁﬁ&tg%%ﬁﬁft%%?p%r %’ ?%é’bgi?q?enﬂugér %‘Z%ﬁ@‘ n(é%gsyllfef Ingl |
ﬁ/ant gd ced. : lsx hEY ]giclelb eepphal tb deivail cdlls tdgsthpdssvdoh thetetecfrddgs has shawnt fhieexpinplet t e

expel |ip id fromt : i
magnet | o maikEReedd) oS Pt e FOR S ot afRE = SRl Gl PR
fluid, whil gtldtibheideehibsanboomgtt.t o markers will be held in place by the

en t he

action of t magnetic field. .In this case el,ect ed I eto

be expel I%d%e ts‘rffgﬂng&@?’f%tﬁ Eé FPRliey aé’é‘ﬁiseﬁgma%da@p?ev%ﬁ%e&l ¢ eg {hgv(\:ne lﬁsgﬂ?ﬁé? @% °s and

gtta?:mged makleekrsiet oe 1@/el led in the normal way. 10 A further

evel opnent, is for an alterpative form of actuat.or, { ed, . .exanpl e

of 'thi 1 B e B G gh=e s PERbY=PR g P a0 Lk oohE R BB M TP

exanpl e, tiheht yhernds43As33ponneat edew pasitonstibpoodk 62 and a reservoir 63 to a

TP helh S5 6 2 T arcrrianas e s s R dRg) BRPThutif of h&H G HiBRaR" 1O
as shown in Figure 16.

20 13. When all cell pairs have been expelled/fused on of the pipettes travels back through the well

recovering the fusates.

14. Fusates are recovered to recovery wells either as single clones or groups.

Tt will be appreciated that this technique can be implemented without the presence of the electrodes

25 100A, 100B, for example by suitable modification of the pipette shown in Figure 3.

There also exist techniques for labelling cells that allows them to be magnetically sorted. In this
example, small metal beads are used as markers to identify cells of interest. This is achieved by

ensuring that cells baving desired properties can be fused to the beads and thereby extracted from a

30 mixture of cells.

This can be achieved for example by coating the beads with an antibody of interest and then mixing
the beads into a culture of cells. Cells that are expressing the appropriate receptor on the surface
bind to the beads. The culture is then filtered through a tube, placed in an external magnetic field
35 containing thousands of small beads that attract and hold the labelled cells, whilst allowing the



shown in Figure 18B. It wll be appreciated fromthis that any form of
actuator, such as a solenoid, may be used. However, in this exanple, the
actuat or wo @3aomed from a threaded screw drive 66, coupl eca/AD3mO660st epper
notor 67, which fornms-part of the drive system32. In use, this allows the
actuator to be 20 noved in the directPbn of the arrow 69, an anpunt of
5mm The actuator tip can have a piezo electric stack 68 coupl ed thereto,
to allow fine control (displacenent of 20n) of the end of the actuator.
Agai n, t helapiled oelBttabk whabedrtrq@ah bnddisdatvied d Ohsecthe sxterhame@ReticABId in répayed t he

pipette is | oaded wit suitahbl e fluid mediu Lng the aperture 58
into a céli‘ﬁbé’f’ﬂ‘g?eﬂs ‘Ear?&{;enﬁpéswaﬁbfg‘?]i“&l%ﬁe Fps, i 1%0('1;"‘] t?%?lalsl%{ﬁﬁg system The punp or
ot her such nmeans of drawing fluid through the systemis activated and
fluid is _dr t hr ou he. pi pette nozz] e 57. en.th . [ d
and t her & gﬁﬁﬁh @péqc?a?%u%ﬁl t@g rgarye%ee H thé SFﬁlg‘\{% i Ejalé t ﬁrég )s{{tsptlotgeg% (I:TE) dlé%aiqg

cl oseds t Gndar RN ddttrbegnef. | uid 30 flow, and the punp 64 turned off.
Wil st the aperture 58 is still imrersed in the fluid nmedium the actuator
65 is adjusted such that the silicon tubing 54 is conpressed to about half
its di aneteexamp® o Aewiabnmbiiget pip@B. willow, bei desanibed withidférendado Pignte 171 In

positioned in fluid in a | I causin he .act uat or ..6 o) ve..l 1 .t

0 rect | orihis Eane e Bipsts, theen E%‘Fr{ﬁliéég L0 e B e ?aﬁér %%ﬁ%b‘%ﬂ a?éi’ﬁ% h, in
t ulr In ei tttg@ﬁpmep@kﬁe 012. d& awsibériof kbapetwintlingo Lifhare evided troddd a Fiaplsteabiedns
cells,to be recovered froma || as described ve with re

03/ 10¥ 25omre) AeRirseEso 9@614\66‘6‘83’13%‘51“ PRett & eg%f’j‘u% S@?al\?g?e?%{”i s)(_f)}?wgn
this are ghawy dtn14£isg taethe 183ims detlS B.solkibvid tiemaeretx ampigestic fidhtrepretenrtidy 65
is posit] onheﬂgadj ent a bl adder 54A provided in the flexible tube 54. In
this caséhetigl 1”Eﬂsa13§er has a 5 larger cross sectional area than the tube
and will therefore contain a greater volune of fluid per unit |ength

conpared to the tubing 54, This has t in benefits. ln.parti r. .the

| ar ger cr13§’§°p@é}§’md81ﬁgfnaép‘°e%r°i?ﬁ?) P&é’é‘%ﬁrﬁ ?aayﬁrrs ggqegcrhng 3?11618 ngalerrr%%n\%e%rrg’n?dof

t he ags uahfibe chibedded aLplagd obkddry ihaderitape amseebtiolysis drowadcoureing.n t he bl adder

allows for a greater anount of fluid to be displaced when conpared to the
action of the actuator on the tube 54. 10 As a result this provides greater
control oWRrentié tREWNIE hre @bnrlckigd ¢b £xp@ble XL Hgnatipemenator and hresisigh(R) h@assimper t ur e

58, allowi ng for greater accuracy  in_retrieving.individual. Il sing the
pi pette. cl“ﬁe?tﬁ}’@ug%hfg? e Ltakipg a%"%{rft Og &ergrpsp]:’aé"éiw ﬁ@&luf%%WaW l“f) ﬁgl\% tg? ng

suf fi ci endfwidhul shopéttibhietoth@gpBed DCVoltsgeV), as givemigcssqatiort 0 provi de t he
stopcock 62, the reservoir 63 or the plTI/ITp 64 as shown in Figure 18C. In

20 R

where: n = the number of turns per unit length

u = the permeability of free space.

25 In use, the pipette is positioned near a number of cells which may suspended in a fluid medium or
resting on a substrate 116 as shown at 117. In this case, at least some of the cells are attached to

appropriate magnetic markers, such as the beads outlined above.

In use, the metal particles, and hence the cells they are attached to, will be attracted into the
30 magnetic field and can therefore be drawn into the pipette in the normal way. This allows cells

coupled to the magnetic markers, and hence cells having certain properties to be selected.

Tt will be appreciated that cells with a higher density of receptors (a higher number of magnetic
markers), should have a larger force exerted on them than cells with less receptors for the same

35 magnetic field strength. Therefore as the DC voltage is increased, a larger number of cells should



particul ar, the bl adder and pipette can be filled, with an anount of fluid
being expelled fromthe bladder before the bladder is positioned so as to
cooper at ema @3norize actuator, thereby allowi ng the actuat@Cmposistonesn to be
adjusted to allow fluid to be drawmn in or expelled through the aperture 58.
20 Alternatively, the bladder can be t®mected to a stopcock 62, reservoir
63 and punp 64, by a tube 54B, as shown in Figure 18D. Accordingly, the
system descri bed above allows individual cells to be easily fused. As the
cel |'s arge awAiHRY |t Regieas figlds helupicpetThe Bedd ghdient ¢an alfpyupra Sirthehiostitgakes
the cell manipulation far easier than 25 in the prior art. This therefore
hel ps i n€#&%%se the speed and ease with which fusion of individual cells can
be perforned. Furthernore, the el ectrodes need never touch the cells,

t hereby hel ping reduce or prevent. cell.d 2 I i
fusi on pEbEEESO ePFAre ARERISH c‘flg hags B?e“t°ﬂ%e°§e§§§§%$‘%§18{§s& glu\% gﬁgﬁ‘% Elg%t_{eé;%} ally
| ess GoNpljelak afid HoRr @byhohat. pilmghis eskacany 3is e bewslt magstinwiatkerswidlabd ng

use of the apparatus .to perform.cell. fusion. J: kg the
oyt om ESETEDES SR e APl B e Juish YR el B ool W e Be He 89 L

than in thee B ihebcivhtof th hagntiteficldelnahibpaentvhinthe sdeedellyar iid ereekpolladhi n

t he exanpl es descri bed ahove is for .a cutting.t i Lo, all ow
col 15 o samat: B arte Sty o B Ol kb ARl Ep ol YR B

35 surfaggmlwey.ectrodes to be rel eased. An exanple of a suitable cutting
tool is shown in Figure 19. As shown, the cutting tool includes a support
post H»0 havi ng a blade 121 pivotally nmounted WO 03/102125 PCT/ AU0O3/ 00660

- 37 ther et guthdt Rvdlbpeat, 19Rr af alekhieve fappiod prtiaxirdo bonsedc tinerampla ofiis, formhe

post is coupled to a mgcro rrﬁé}{@géator (not shown), to allow the post to be
posi t i on@dactyerii Hovp& PR P vESwel | . The post can be rotated as shown by
the arrow 123, allowng the blade 5 to be positioned above a cell to be
cut. If the cell is a free cell _124, the,cell, wll gener : i

pl ace usiMghapimnkisesample. B Wh? 5‘é{§ f"f’%‘?"ed RaAPRIosk 8??n%gasr%ések%6\lf\ﬁ% e%?%glg? Once
posi t{pned, AhRWRRSES isSpokivRidedjasdne the tfloaibletthie 34, p aifowt the bk &de climpedss i nto
the soft Sgﬁl}asjti(_: of the bottomof the plastic plate. Further |owering of
the post syt indigréel§the bl ade to pivot around the 10 hinge 122 and

' gui | | ot ipeyinl b BMeRaeljfRet this thahads fdhefcetuator, pHuslc @l ai solentig, pay fre Ustt i on

is stopped when the bl ade has cut throygh the obj.ect of. inter IS
conpl et el Novysaerain this exgrpme: S aBR{oH fOIBPQ?f@Fn%‘S‘W?%‘H e App r%é’ccimg@éeddaa ]?ﬁaoltr t he
funct i onakdobet Mdtort é1e wilichfremefart X aftnkies sgescsi. biadisabibis ellowythbectudld tobrbi ned
in ang one of a nunber of arrangenents. This allows for exanple cells to be
@d mexied dnthe fiseetipyof the AEHH AMEBOURF >FiYneti ¢ or radiation sensitive

=]

sel ec

mar kers. The cells can then be arranged in a fusion well, and fused, with
the fusate being automatically retrieved and posiéi oned ln a r.ecovery

wel | . The actuator tip can have a piezo electric stack 68 coupled thereto, to allow fin€ comntr

(displacement of + 20pm) of the end of the actuator. Again, the piezo stack forms part of the drive

system 32.

25
In use, the pipetie is loaded with a suitable fluid medium by placing the aperture 58 into a container

that has sufficient fluid to fill the system. The pump or other such means of drawing fluid through
the system is activated and fluid is drawn through the pipette nozzle 57. When the system is loaded
and there are no air bubbles present in the tubing, the stopcock 62 is closed to prevent further fluid

30 flow, and the pump 64 turned off.

Whilst the aperture 58 is still immersed in the fluid medium, the actuator 65 is adjusted such that
the silicon tubing 54 is compressed to about half its diameter, as shown in Figure 2B. Thus, in use,
with the port 41 positioned in fluid in a well causing the actuator 65 to move in the direction of the
35 arrow 69 compresses or releases the tubing 54 which, in turn, either expels or draws in fluid

through the port 41. This allows cells to be recovered from a well as described above with respect



20 A specific exanple of apparatus for perform ng automatic cell selection
and fusion will now be described with reference to Figures 20 and 21. As
shown i n Wopsrie220, the control system 12 is further couplrEd/Aw3aoshage
system 16, including a drive system 36 coupled to a stage 37, with the
processi ng system 10 bei ng coupl ed t0-80-25 stinul ation system 17. The
stinulation system 17 is used to stinulate cells, to allow cells having
predeterm ned properties to be recovered froma group of cells held in
suspensi @ditht Pipattesefegire ®Bn wel 1. In order to achieve selection the cells
are labelled wth markers, which are adapted to adhere and or 30 perneate
only the cells having the required predeterm ned properties. The

sti mul at ioRasySbe thisl Zre shibivih Figesest 13€ avalr K61, G lthese axednpldsethelagtuade®Piify t he

cells having the_ predeterm [ rties. . icly | - i t the
cti ml at PonteydpaRieR s HatE SR PR APER bR It gotity L QR R vBlEH 0
descr i Pedarpérichoss @sp@nl artthkii Geitube 4R] witltheefomgostine ghratevoluys vidinidpariuhiar t o
that descgribed wit respect to Fi.gure 17. .The f.ol | gw I i focus
on the u(si@1 COMRALE itgttﬁ?/g‘%ﬁlgsstéld ﬁ%%?{%satgvﬁ.m gq’%ﬁeeﬁq 4élr %a %gc#e%l?ﬁgfl ﬁ%%%declr&s
appar at Usedtdnalhesarprovidestibea gesiat tangnofFingenen?df the\@ct06rl (PHiS Boupe®/ withioBe 00660

-38 As shown, e.stage .37 i.ncl.ud an_aperture i ! cope
31 nount é’&cr‘?aﬁ%cf E‘i“?lu .Voﬁgﬁr}? ztfehl?qzé dpy Eﬁ%iwlS I Orbaggr SHET aer%(gté 8%&% (Ef? g? h%ﬁ%&g 5%1%@ opg

31 is typbgirkytoake dctivest Reladiiatt o8 depehe 58. | n use the stage 37 is adapted to
receiﬁiﬁa selection well 171 containing the cells to be recovered. The
stage'wi || also receive a fusion well 90, positioned over an aperture 172.
In use, tAe selledisipasvidedgteated dhtrblsovpoihe binoure df Humidteapelled ot drewm pethtougleth 70,

to allowthe c a 30.to optain an i e of .the . i.nsi f. sel ection
wel | 171,2Pgiye ?gg lowipg fu Eppker %"f‘.“a?ynmﬁers@%‘?gﬁ%d“ﬁrg%%é’%@@ﬁ%‘%@%’%‘%ﬁng10 i s
adapted to control the drive system 36, to cause the stage 37 to be nove

in the directions sho by the rows..173 74, .. Thi |l a., -

r epr esentBHHAPERCS ﬁewm@d??t aé’ﬂ’ieglat(?% aﬁ?é\é PRYS %t‘flcfen}: g%m% 3“ @36’ a\égeertilt 5" The
processi ng toasrovie 18 stdgeoch 62, itige ot 63rdr ateepud®, 64vesisicdwri is Fignps b4l 1 Tp a
frame grabf)egfaf%roq{fﬁe i ke g.cleg%gss rrgg twh n be Ouseochgly %eqﬁa %E)Qlfe?lsi?inpgxe
systemtd’aEtHH{af’d]@‘e]?ﬁ efypd, P lépr%_ o g Ui é‘%t IR e_gl Stinul ation
syst emt ﬁTbladIa/eﬁ(i)betdﬁbr@ml Hlazdgari% @bﬁwnemtot aseth Yoorenigess 0 hmwcmgodmmmbfﬁﬁmmn@tm g; er
usi ng the evi ce . ette i.s positione ac ge

as shown, 2°f43108 PPsgipnip e ?ﬁé‘?ﬁqqgo @lf’g’t u”g@ her‘ilgaé‘intlgar ?’ﬁ’g%e%q u%\r/][v% ?pe%ﬁ%gThe

pi pette 33 is coupled to the drive system 32, to allow the pipette to noved
W th 0 respect. t well, as s by the_arrows. 175, . 176 7,

Accor 35 n gf‘&??matt’l’{%lyn‘g? b@g‘% £ %ﬁ“ef{}g%% F%@Foi@lﬁg} W j6rzn“?”fcl:dr R n?% éy A

syst em hasuB)gs ¢Hwe e Figgepsndent |y controlled axis with

Accordingly, the system described above allows individual cells to be easily fused. As the cells are
manipulated using the pipette as shown in Figure 3, this makes the cell manipulation far easier than
25  in the prior art. This therefore helps increase the speed and ease with which fusion of individual
cells can be performed. Furthermore, the electrodes need never touch the cells, thereby helping

reduce or prevent cell damage prior to or during the fusion process.

In addition to this, the apparatus as a whole is generally less complicated, thereby helping reduce
30 the cost, as well as easing use of the apparatus to perform cell fusion. As a result, fusion using the

system described above can generally be achieved more rapidly and cheaper than in the prior art.

A further development that can be utilised within the examples described above is for a cutting tool
to be provided to allow cells to be cut, as well as to allow cells that have adhered to the well
35 surface or electrodes to be released. An example of a suitable cutting tool is shown in Figure 19.

As shown, the cutting tool includes a support post 120 having a blade 121 pivotally mounted



resol ution tol erances and repeatabilities of <bm This systemis controlled
by dedi cated software executed by the processor 20. 25 In any event, the
cel | s havimapstiozi2pr edet ermi ned properties are identified WRCTexpBsnesy t he
cells to radiation using the radiation source 105 coupled to the nozzle 57
via the fibre optic cable 106. This aPTows the detectors 107 to receive
radi ation emtted by the cells through the fibre optic cable 106 and
filters 108, to thereby determ ne cells having desired properties. 30 It

will be appices) ahiggk 1hak ofhdr dobepesesinntdiah. t he detection of particles is
performed magnetically, this nmaybe achi eved as descri bed above with
respect to Figure 17. The processing system 10 can then control the pipette

system 14, 1@, $hemoyes &rbles td & amird hRnpelkee (riodshown|tb allokd therpdstpb he oditires® i n

the fusion well 90, .as descri bed ove, During .this pro S a . ield 35
will be 3pBm tE%lfCﬁR?C‘PY?eW*‘g’l- é@WBﬁé%nag"z‘Og‘EFdeaﬁ S ‘%yﬁée ok @3?%‘”6%? foic?ﬁéed as
requi rsed to bdpRtidhdd HBvE Hcdlb Be chthaf St agis 3 Trek selivtitde the ctibwill bawralihbe bddrer a

30 to image the fusion wel| 90. through.the aperture. W 03/102125
PCT/ AUO3/DPIBts(ising 8 §ipeifes ST 0'#2%%“6%?%&“%%‘%‘%336 OVB%'#flg?'rred substantially as

descri bed above, wth the fused cells being renoved as required. 5

Accordi ngly, the above system describes a at u i t.able for nipul atin
and T usi R RITEnh gk PO Baier A B TBPRgY BT ot teing iy ofte 1 19
macr o- bulb%tt&l% :of tHe WSds@plate FuRthe 1cjsve@ag of ltHehﬁlstI\eiﬂlni}at_tﬁﬂhGSblhdf toipivgemdmﬂﬂ the )
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for the RPAKES2S halc@Mhedich tKcUsj@n of terest &S fsi doalefely paxikinplith biottora Lof
copendi ng _application "A Method of Cell Therapy" filed on 30 May 2003.
This al | W&t he techni ques to be used for generating tissue or cells useful

for tissue replacenent 15 and/or tissue rejuvenation therapy or a range of
organs or tissue areas_ of the body. The resyltin tissue.or. cells al so
secrete df vyjbhearreciged 41y @eoffmcé’;‘?%/ﬂﬂ ﬁg the ‘gﬁ?f}‘??e amplgs grﬁgﬁrél%edaarc?avet ﬁ%}r}l%lxke

whi chy pavgmb bl @VEE @ o memBéfdf aAehgehiEntpr DRiehllbvasfor etadipleellt @ benglogdus

nol ecul es produced from non-fused cel

I ] _ . ..20 In.thiskcas tg cells.are
sel ect ed aumaHeAlly de asqoxlsnes Bithpagnefiper rag’&E‘PP PRSIV HEGen i;n%tc lg PRI I has
properti egaRRlh £aklo8 Well and f8REGHifh the RPESE: aufonfititdIBhbiticted ahd pdsitioh@hmand
mature cells and their application for use in transplant and rejuvenation
t her apy isreeygyrvelln Table 1. All such stemand mature cells are
contenpl ated and are enconpassed 25 by the present invention. As indicated

in Table 1, a mature cell may be derived fromany human oy . .
20 A specific example of apparatl)lls for per?orming automa[tPc cg selecggn andr fusion will now be

described with reference to Figures 20 and 21.

As shown in Figure 20, the control system 12 is further coupled to a stage system 16, including a
drive system 36 coupled to a stage 37, with the processing system 10 being coupled to a
25  stimulation system 17. The stimulation system 17 is used to stimulate cells, to allow cells having
predetermined properties to be recovered from a group of cells held in suspension in a selection

well.

In order to achieve selection the cells are labelled with markers, which are adapted to adhere and or
30 permeate only the cells having the required predetermined properties. The stimulation system 17

stimulates the marker cells and thereby identify the cells having the predetermined properties. It

will be appreciated that the stimulation system 17 may be a radiation based system, similar to that

described with respect to Figure 13, or a magnetic based system similar to that described with

respect to Figure 17. The following example will focus on the use of a radiative based approach.
35

The arrangement of the apparatus is shown in more detail in Figure 21.



manmal i an or non-manmmal i an ani mal or avi an species such as fromthe brain,
epiderm s, skin, pancreas, kidney, liver, breast, lung, nuscle, heart,

eye, bonewosplieensor the i mmune system Cells of the i mMmpoa/systoesnoi ncl ude
CD4+ T-cells, CD8+ T-cells, NK cells, nonocytes, nacrophages, dendritic
cells and B-bells. It should be noted ¥rat the present invention

contenpl ates the fusion of 30 stemcells and mature cells from any source
such as a manmal (i ncludi ng human), non-mammal i an ani mal and avi an

speci es. Exanpl es of non-human mammual s include |ivestock animals (e.g.

sheep, igs, Cows, rses., donkeys, at.s [ ARl dif - BromCat s,
dogs), Igbg}oéi’{ﬂotﬁ?/st?%eg’t 1 ﬁ‘i“%i‘%ape%? dﬁ%a‘(’:lrég the gﬁ%?&?%eg% ts, %gﬁl nea pi réls,
hanst er shiandilitRpppeasteddhhtdhaimicratae 3 Aistgriealmmidverded migreseent- i ncl udes a
reptil e, anphibian, insect, arthropod and arachni ds. Avian species include

35 poultry, birds (e.g. ducks, enus, ostriches) and aviary birds. WO
03/ 10312f, RETHAWRR AP Q6RApted hlreTABLEsekctlel well Yileotpipinzgdhe ¢edls to @aseavated St ei n

cell types Enbrygnjc stemcgells eration, of i . ant
Somt | & SpermaT A seantrat oar T cRauopar et AslrE A7 drle HARRRAR
Gener at i g1 0f1 tsipd§itichel 6f tdpfoiftspbernire HOytrelomtthycmiee: ¥t tewbeal dngmasrasithe i on

of wide variety of tiss or. transpl ant man ..epi | |

Gener at | B’ﬁldﬁf’f%ia sdgsion Wﬁ?gilaﬁlgﬁ}fedﬂlfl%scﬁp gghle_ﬁ suﬁeégllefplr(gc%%se Isz“?%rﬁrlilr?:f‘sﬁag@edbot h
somati C & @mr6Eht v Bisiie3 6 & basad sgee Y kd bemoed Insthe BirettinnsAdhavn by al
stemcells Generation of neural tissue for transplant Human neurons
Generl& i 86T 1 Retifal tissue for transplant Hunman astrocytes Generation of
neural tissue for transplant Epiderm s Hunman keratinocyte stemcells

Generation of epidermal type tissues suc s, hair_f.ol |j S

gl ands ad&issRPys Fé‘iprets?rﬁﬁ’é%logme OB Oi&s f‘i%?\dové“ia/}l Ceantbreacr?gtl%}gﬁtso yéheezgragetgfqg of
epi der makygkarP ey bdifpStHenagel tlferfise TRiwhichad fypichlyss frarangrhlivey onthe el Insagsemyaic eous
gl ands and skin far transplant Humap nel angcyte stem I i of
epi der rralthefly%’eustefi@u%@ pF?fPSSEI}ganlﬁFlaﬁ’t Conhiglng‘ﬁ %’%’Fas %ar}%gg’ &%‘?25 ?atélﬁqg

epi defgalgihyipgort JysEMas. Aditiohalysphadthativel) imaktsary Heatigdhyeditofd ipeoipingshe

CGeneration of skin for transpl ant
1/0O device 22.

The pipette is positioned adjacent the stage 37 as shown, to allow the nozzle 57 to be inserted into
the well 171. The pipette 33 is coupled to the drive system 32, to allow the pipette to moved with
20 respect to the well, as shown by the arrows 175, 176, 177. Accordingly, the drive system 12
typically includes a micromanipulator system having three independently controlled axis with
resolution tolerances and repeatabilities of <5Spum. This system is controlled by dedicated software

executed by the processor 20.

25 In any event, the cells having the predetermined properties are identified by exposing the cells to
radiation using the radiation source 105 coupled to the nozzle 57 via the fibre optic cable 106. This
allows the detectors 107 to receive radiation emitted by the cells through the fibre optic cable 106
and filters 108, to thereby determine cells having desired properties.

30 It will be appreciated that in the event that the detection of particles is performed magnetically, this

may be achieved as described above with respect to Figure 17.

The processing system 10 can then control the pipette system 14 to remove ¢ells from the selection
well 171 and place these in the fusion well 90, as described above. During this process a DEP field
35  will be applied to the electrodes 92 to ensure the cells are positioned as required. In addition to

this, the stage 37 is moved, to allow the camera 30 to image the fusion well 90 through the aperture



Pancreas Human duct cells Generation of insulin-producing cells for
transplant Hunman pancreatic islets Generation of insulin-producing cells
for transploastio2zidsman pancreatic (3-cells CGeneration of i rsuavAwsmpoeduci ng
cells for transplant Kidney Human adult renal stemcells Generation of

ki dney tissue for transplant Human emBPyonic renal epithelial Generation
of kidney tissue for transplant stemcells Human kidney epithelial cells
Generation of kidney tissue for transplant Liver Human hepatic oval cells
Generatigm.of insulin-producing cells for transplant Human hepat ocytes
Generation of liver tissue for transplant Human bile duct epithelial cells
Ceneration of liver tissue for transplant Human enbryoni ¢ endoder nal

Gener at i gQsieH will & betJesstneedfsstantiallysp ldestibesitaboves with the Hused nellsdeing réveqyad ocyt e
stemcells Generation of liver tissue for transplant WO 03/102125

PCT/ AU03/2DEFEBEFD - 41 Cel | type Application (controversial as to existence)
Breasts Human mammary epithelial stem Generation of manmary (breast) for

transplant cel]s_Lung Bone maryrow derive temcel l.s.Generatjo f._tissue
for trandpParneinte G&Vﬁéy%ﬂ% desgribes appargiys § g"}b?eb%ﬁ manipplatine a"ﬁef%’rn#g, &ggéﬁl Iril
i nt esti ngy gadcliamer dbi@eel], wirg-bhikdraidcasbtk Gahfsiah.i Gnthesf regdrd shetefrocells is

transplant including nuscle, cartilage, bhone, liver, heart, Dbrain,
i nt est i nantgigd FUaeyer 3 Als: ‘fthB’fchﬁrtéﬂlese‘%Plfﬂ’g‘fSﬁéqOS% 5 W GHCERS iv%sh&edq'f tissue
for transplant including nmuscle, cartilage, bone, |iver, heart, brain,

intestine and | un Hunman al veol ar type |1 Generation of ti
t ransH! adg PPIFFE‘IﬂEFd%ﬁé"C ggsgre PW&%@Y@@%‘P ? rltgeg!@frpcﬁg% st Sr%lsg@rgugh%zfﬁ t,

brain, infegsbbdRr etshpldin®ur dpsadics dipieution KaMidtiadd afiett Taempehfiledon 30 May
GEneratl%%ng tissue for transpl ant

This allows the techniques to be used for generating tissue or cells useful for tissue replacement
15 and/or tissue rejuvenation therapy or a range of organs or tissue areas of the body. The resulting
tissue or cells may also secrete or generate a range of cytokines, enzymes, hormones and the like
which have improved or more efficacious properties relative to analogous molecules produced

from non-fused cells.

20 In this case, the cells are selected to have desirable properties, such that the generated fusate has
properties applicable for a specific purpose.

A suitable list of stem and mature cells and their application for use in transplant and rejuvenation
therapy is shown in Table 1. All such stem and mature cells are contemplated and are encompassed
25 by the present invention. As indicated in Table 1, a mature cell may be derived from any human or
mammalian or non-mammalian animal or avian species such as from the brain, epidermis, skin,
pancreas, kidney, liver, breast, lung, muscle, heart, eye, bone, spleen or the immune system. Cells
of the immune system include CD4+ T-cells, CD8+ T-cells, NK cells, monocytes, macrophages,
dendritic cells and B-bells. It should be noted that the present invention contemplates the fusion of
30 stem cells and mature cells from any source such as a mammal (including human), non-mammalian
animal and avian species. Examples of non-human mammals include livestock animals (e.g. sheep,
pigs, cows, horses, donkeys, goats), companion animals (e.g. cats, dogs), laboratory test animals
(e.g. mice, rats, rabbits, guinea pigs, hamsters) and captured wild animals. A non-mammalian
animal includes a reptile, amphibian, insect, arthropod and arachnids. Avian species include

35 poultry, birds (e.g. ducks, emus, ostriches) and aviary birds.



(satellite cells) Heart Human cardi onyocytes Ceneration of heart tissue for
transpl ant Bone nmarrow nesenchynmal stem Generation of heart tissue for

t ranspl anwo @abties Si npl e Squanous Epithelial cells Generaticaomui/obheart and
vascul ar tissue, for exanple rebuilding aortic arteries after aneurysm
repairs Descending Aortic Endotheliat4@ells Generation of heart and
vascul ar tissue, for exanple rebuilding aortic arteries after aneurysm
repairs Aortic Arch Endothelial cells Generation of heart and vascul ar
tissue, for exanple rebuilding aortTABREfleries after aneurysn1repa|rs
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cells Gener alunen eobryenivistde ooy i ef y of Guptioreef vide varietyeé b for trpseladidi ng,
put not Ity L Bideil YeATeld SSHE, UOTE, CAbhlibARRissue WiSfahlant eNTON,
endot hel i al SSu vascu tissue and neural tissue Osteohlas
( pr ecur soTisse-pecibic aellso Andades (bﬂ@ sopatie ?talﬁ%ﬂlsamat“rﬁﬁ%@ r‘l‘éﬁ)gﬁ'iaﬂl 9 ‘@"H cell)
Per i pher alp bt ood—nomonuctear Generation of a Wide variety of tissues for
tran;plan? progenitor cells (hematopoietic including but not limted tio
cardi ac tlssuéﬁubOﬂmﬁscanmﬂ$age sten1éﬁmﬁgwﬂnﬁééﬁéfwﬁ@ﬁﬁﬁﬁmﬁéﬁ@otheI|aI
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Human astrocytes Generation of neural tissue for transplant
Epidermis
Human keratinocyte stem cells Generation of epidermal type tissues such as hair follicles,
sebaceous glands and skin for transplant
Human keratinocyte transient Generation of epidermal type tissues such as hair follicles,
amplifying cells sebaceous glands and skin for transplant
Human melanocyte stem cells Generation of epidermal type tissues for transplant
Human melanocytes Generation of epidermal type tissues for transplant
Skin
Human foreskin fibroblasts Generation of skin for transplant
Pancreas
Human duct cells Generation of insulin-producing cells for transplant
Human pancreatic islets Generation of insulin-producing cells for transplant
Human pancreatic 3-cells Generation of insulin-producing cells for transplant
Kidney
Human adult renal stem cells Generation of kidney tissue for transplant
Human embryonic renal epithelial Generation of kidney tissue for transplant
stem cells
Human kidney epithelial cells Generation of kidney tissue for transplant
Liver
Human hepatic oval cells Generation of insulin-producing cells for transplant
Human hepatocytes Generation of liver tissue for transplant
Human bile duct epithelial cells Generation of liver tissue for transplant
Human embryonic endodermal Generation of liver tissue for transplant
stem cells
Human adult hepatocyte stem cells Generation of liver tissue for transplant




-42 Cell type Application Stromal cells Generation of a wide variety of
tissues for transplant, including but not limted to cardiac tissue, bone,
cartil agewo esuszize, tendon, endothelial tissue, vascul ar tRCIzAN3aNEsONeUr al
ti ssue Spleen Hunman slenic precursor stemcells Generation of spleen
tissue for transplant Human s | enoc edl Generation of spleen tissue for
transplant I mmune cells Human CD4+ T-cells Generation of inmune
cells/tissue for transplant Human CD8+ T-cells Generation of inmune
cel I s/ti gsue Tor CendmRli ant  Hunf ' \pplicatiowf i .
cells/ti ‘Qll@omweﬁs}ah%é P?QSWHC@JT nacro

| sSUSOEH T rransplant—Human—act ophages—Ceneratton—of—+mrune
cells/tisB&or transplant Human dendritic cells Generation of inmune

£

cells/tiss AR oA B -

cells/ti ssﬁgméﬁc?rﬂa i.nfrﬂcae ; "rétcrlll%1 st lose @b%né%%?ﬁgﬁaﬁn%ﬁg@?? ?tg?%gplg%tl S
Cenerati J“uuf cettsttrssuefor—srmus tT7SSUE repair  0Of the NosSe)
Pseudost [ 1 4%%d ciliated col umar Generation of cells/tissue for sinus
ti ssue repadohd maphvatamedttemeelld s| (| oGatemtione tiswedbif teambdany inchiging muisele.t he
nose) Pseudo stratified ciliated| epi tanidhgelhonediver, atdrp hraof, intestijesihd fupgue fior
si nus ti$sue Hemai luhg aploBleasent | ( ceGémwratibhadf tissueefor traspias ophdingmygedt, t ubes)
Trachea $Htratified Epithelial ce|ls {x@hdesbinediveChnet, btainy mtesfinecatl et | sque
for tracheamurRRstontiigRbAGERRRls | 1 neGafehtish bitiskuerfer traneplint achdmy ndstleat ed
Col ummar |cel I's (cells that Gener ati ogurgilhgesBrlesivtet, hisate bfaty, iftestienma lung
repai r/ r ¢pl acefiRah alvbdii@y RN St r UCt UGenetation bf i@eukefdy trdnelie tncheing snuclel | s
that 1ine and Gepghgldeptes Of cel | $/t i aatiggd, Bonel Ihag hedt, bepg intdstisind degent
struct ur ¢;pRg L Tachea) Basal cells (cells that Tine and Generation of
cells/tissue tor trachea repair/repl acenent

Human skeletal muscle stem cells Generation of tissue for transplant
(satellite cells)
Heart
Human cardiomyocytes Generation of heart tissue for transplant
Bone marrow mesenchymal stem Generation of heart tissue for transplant
cells
Simple Squamous Epithelial cells Generation of heart and vascular tissue, for example
rebuilding aortic arteries after aneurysm repairs
Descending Aortic Endothelial cells Generation of heart and vascular tissue, for example
rebuilding aortic arteries after aneurysm repairs
Aortic Arch Endothelial cells Generation of heart and vascular tissue, for example
rebuilding aortic arteries after aneurysm repairs
Aortic Smooth Muscle cells Generation of heart and vascular tissue, for example
rebuilding aortic arteries after aneurysm repairs
Eye
Limbal stem cells Regeneration of the entire corneal epithelium for transplant
Corneal epithelial cells Regeneration of the entire corneal epithelium for transplant
Bone Marrow

(in some cases be substituted for cord blood and peripheral blood as a source of some of the
below stem cells)

CD34+ hematopoietic stem cells Generation of a wide variety of tissues for transplant,
including, but not limited to, immune tissue
Mesenchymal stem cells Generation of a wide variety of tissues for transplant,

including, but not limited to, cardiac tissue, bone, cartilage,
muscle, tendon, endothelial tissue, vascular tissue and neural

tissue
Osteoblasts (precursor is Generation of bone for transplant
mesenchymal stem cell)
Peripheral blood mononuclear Generation of a wide variety of tissues for transplant,
progenitor cells (hematopoietic including but not limited to cardiac tissue, bone, cartilage,
stem cells) muscle, tendon, endothelial tissue, vascular tissue and neural
tissue
Osteoclasts (precursor is above cell Generation of bone for transplant

type)
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5) A nethod according to claim3, the nethod including applying the DEP to
a pair of second electrodes. 6) A nethod according to claim5, the nethod
i ncl udi ngwol@/1a128ppl ying a DEP current to the pair of secumdAwidmoéaoodes;

b) Positioning the first cell in the fusing container, the alternating
field acting to attract the first cetrP3towards one of the second pair of
el ectrodes; and, c) Positioning the second cell in the fusing container,

the alternating field acting to attract the second cell towards the first
cel | . 20 AdditidnaTRibdie desafbadrialthe gofending applic@ionat | east one of the first and
second cells being positioned in contact with at | east one of the second
pair of electrodes. 8) A nethod according to any one of the clains 1 to 7,
t he met hogrshmcdiidi g teekeeili sppretiite that neheroandristmondd oetlifisatioss wgl becpinpet t e
to extract: a) The first cell fr .gro f first cells held, in Lrst
containe@?mﬁﬁﬂ,A@?“ﬂ)“¥W8m§éﬁgﬁﬁﬁg%%yg?F%%P%eawgﬁﬁmgFﬁgg 8%%“5%#$%%h%%d in
a second e0EHoRIdRS confllerd el dthiCihe sliinghdt o thatnthd invetdten rhegalitychppéaring
positioning the first and second cells in the fusing container including:
a) LbingtFﬁﬁaﬁﬁﬁgF@e to position the first cell in the fusing container; b)
Using the pipette to position the second cell in the fusing container,

adj acent the first cell; 30 c). Positi.oni t el ectrqdes such at .t he
first and*Sedmsly: wbils be gpoyeidgye Ptécﬁ‘%?ﬁutoé}f‘%fﬁgflﬁgf@mﬁ’é% Wge v & g“%‘i%@ﬁ% es.
10) A netbadi@scandba@rdlo velphiedsotiny Gklt, WeQorst fetigkisp sioteeulbgilingsomespinéd t o:
a) A drive system adapted to nove the pipette with respect to the first,
secon® arfiher §hygsiclesont ai ners; and, 35 b) An actuator adapted to actuate
the pipette to thereby expel or drawin fluid through a port; WO 03/102125
PCT/ AU03/ 00660 -45 The nethod including using a controller coupled to the
drive systemand the actuator to nove and actuate the pipette. 11) A

nmet hod according to claim 10, the nethod of selecting a cell including
causing the controller to: 5 a) Mwve the pipette such that the port is
adj acent a cell having predeterm ned characteristics, the cell being held
in fluid suspension in the respective container; b) Actuate the pipette to
draw in fluid through the port, thereby drawing in the cell and the
surroundi ng fl uid.



12) A nmethod according to claim10 or claim11l, the nethod of using the

pi pette to position the 10 second cell adjacent the first cell including
causing tWwe® @antnsl ler to: a) Mve the pipette such that tr@E/Hom3t0066s
adj acent the first cell in the fusing container; b) Cause the pipette to

expel fluid through the port, thereby- é&pelllng the second into the fluid
in the fusing container; c) Mve the pipette such that the port is as close
as possible to both the first and second cells; 15 d) Cause the pipette to

draw in friy CLAIMSDBANING THE INVENTHOBIAREIASWO1G.OWS:t he first and second
cells and_the surr ndi fluid, use t he ette to expelling the
first and stastede fg'jis’élgirtl%itﬁndtsﬁ‘éonfilc%} {sgihp Hle{hﬁgmlpﬁlg{) contai ner; and, f)

Repeat stepg (Peditibring & £t hdd Ed’d@ndf tdlIs theawedn swocntn&tro@slm aafleidwiiltedi fasiag
predet erm ned di stance.. 20, 13 g%hod a@fgrdl % Qe e of clainms 1 to
12, the el ect coR@EeTHBF fEt et 5paud oells bsine &pra PR Y8 Epdm adapt ed to
move the el le)ctAp@gesg WictrRert Gh‘éﬁﬁgta Iﬁleddtditﬁmfedlsxfd?gfoﬂﬁ né ahenelegrodtshe petthieda
including using a conggtoller ¥ totg @g rode drive systemto
position the &FEeEryReLiuian Pylicd ﬂ’glcﬁ'tﬁ“ hiser ° A met hod according to
any one o A'ﬁ@dﬂﬁﬁ a%cdé@n%—t%,claﬁlh& Bt eeﬂlﬁlbéldgﬁelﬁ)m sng)eﬁmrﬁdh eﬁ?lleehdleaalesirghal 25
generatortemetooa t he_cur t . to the electro i ng
causi ng theAdpgheg acc é‘ﬁert%l? gllny &1516}%5 ad iepiding s %%ﬂrn ﬁ?&the tlﬁg

el ectrodes. D@)ﬁel‘dHéﬁ%b@é%téﬂ&@@fgéth&@eﬂs&omraséﬁbliéthext he first and second ceI | s
havi ng_a respectl ve ce] l t hod i ncl.udi ng]] sin ont r ol

coupl A masthgsaccyding F‘hflolfn 3 dhes@F%E&eﬂ'm’tnﬁ‘ew VREPBh P hme 5%316?“ (r:eé‘enﬁngh t he

cel | types ot pEpesdid.r st and second cells. 30 16) A method according to
claim 15, the first and second _cells b | he sr tthg otf cell .and Ehe
first and)s8dBethodpserdingsio claim 3. Hemrghod Heeludingeanplying,t %%P R RO a6
fusing firsteapdesecond cells, the net hod be| ng substantially as

her ei nbef ore descri bed C‘% ar at ui ?r fusing first and second cells,
the appar®@t Adnsthrd ageqréige to okrimzy hamefhof fpefidingey £ usi ng contai ner; b) At

| east 15 wo ebecAgpdgsa, PHRRIRSH {thdRifIsécbhdeletotd; t he fusing cont ai ner in
use; WO 03/1021 PCT/ AUQ3/ 00660 - 46- | ector. far- | a
first cell P}dipskioppgdls Gt ooflia thedpsipg C‘H%ﬂ“d:r’lt el%epeagﬁ%%l?]id\fegl%ﬁqt %faﬁl[ e and,

i) Selecting @SRl ahrds@hnt oifth@mcaldgfaﬁlépelecftroa&gmd cell's held i n a
respective container; iii) Positioning the fi rs and sefo(?d cel s{‘tr h t he
fusi ng cont 8) n@ltﬁé@&lg@ﬁeﬁoﬁé ceé @&Ifer%ﬂ contamer t alternatlng 1eld acting to attract the

second cell towards the first cell.
20 7) A method according to claim 6, at least one of the first and second cells being positioned in
contact with at least one of the second pair of electrodes.
8) A method according to any one of the claims 1 to 7, the method including selecting the first
and second cells using a pipette to extract:
a) The first cell from a group of first cells held in a first container; and,
25 b) The second cell from a group of second cells held in a second container.
9) A method according to claim 8, the method of positioning the first and second cells in the
fusing container including:
a) Using the pipette to position the first cell in the fusing container;
b) Using the pipette to position the second cell in the fusing container, adjacent the first cell;
30 ¢) Positioning the electrodes such that the first and second cells are located substantially
between the electrodes.
10) A method according to claim 8 or claim 9, the pipette being coupled to:
a) A drive system adapted to move the pipette with respect to the first, second and fusing
containers; and,

35 b) An actuator adapted to actuate the pipette to thereby expel or draw in fluid through a port;



5 and, d) A signal generator coupled to the el ectrodes, the signal
generator being adapted to cause a field having a predeterm ned waveform
to be genwoaidad2iaet ween the el ectrodes, thereby causing tHoa/gedsloseado f use.
19) Apparatus according to claim 18, the selector being a pipette. 10 20)
Apparatus according to claim19, the abbaratus further including: a) A
drive system adapted to nove the pipette with respect to the first, second
and fusing containers; and, b) An actuator adapted to cause the pipette to
expel or drienhetholllintlehitghistigghcoatrgizr toupRE)to e plaivasystsmeand dhajdctrgior & @AYE one
of claims 18.to 20, the el ectrodes being coupled to the fusing 15

cont ai ner. @97ctiicthe BPELe- according to any one of claims 18 to 20, the

appar at us1)f Altrethod adeBaligdb BBina 0, eleandthwice selebting e cell/mtladinacmpne thecontralioe t he
el ectrodes with respect to the fusing containers. 23) Apparatus according
to any one Bf the clains 18 to 22, the current waveformincluding a fusion
pi“ S ;a,s Ej he i ynat igeneitatah theitrgordaptj@dnttaceh hptiyg prodetdrugicd nhamatesistiaso t he
el ectrodes to _ge ate 0.an electric field I 1 hereby causing the
cells to fuse.thg"?[ﬁj})a L%%)Iéerl‘g ldasc}‘&piﬂlﬂ?lhlélt?eore?ﬁg&gﬁéﬁ%lbgt he >c/I ai ms 1?3 to 23,

t he currentpwaveherie pipateudidrgy m MEPthrough anpart, theesbs idavahg getherdl axd thei ng
adapted to app‘!u%/ tgle HEP current to the electrodes to generate a DEP field
t hereby ur gi ng"tHBYB&1 - { owar ds each other. 25) Apparatus according to any
olne ?f g he) &Inﬁd'tm al&)rcﬁifﬁg 23claith® @pPamatiy sheimhaddif ging theapipetiofio pesitindhe 25

el ectrodes, the pai| o econd. el ectrodes i n upl.ed to a second signal
generid or | Steﬁ‘?éldé’élilb‘{i‘i‘fentstﬁ%ﬁréﬁ ceagﬁﬁﬁgigﬁ?usﬂlg?ﬁegcoa%@%f Ee)o(tl to generate a DEI%
curren:, t hg gﬁﬁeq%égﬁ@ﬁé s%itﬁhgt}ﬁppﬂtis@djatmtﬂqheirstpa]mtlwfﬁlsi@:@miiret;ectrodes to
generate a ield . there ihg t cel |l s t.owards h
Appar at us alggcﬁal'ﬁe B Ripetig It%?’%?]%‘?& @F’é‘ggﬁﬁerp(’%’ftﬁ%%b on 812 %@%?egd@gg%g?%gkd

provi ded on t hetht Gsing@ontei@et ai ner surface. 30 27) Apparatus according to

claim 18 to 26, the apparatus further including.a controller

control the% @é‘i’"ﬁéhed’rlg ﬁéuci‘glﬁt Elel??rtbsoaﬁtc{‘])fﬁ arsipﬂﬁsg%?oteofog hit%enﬁ% ang? &?lg%% S;E)(r)le

of . a)5 The @ EALithe Ppetithe dekea fluRideSugtaihe port,aherébyeiraiignial thgtuemdserond 35

28) Apparat us accorq%ngnto claim?27, the controller including a processor

coupl ed to at SFlspaf thesireynd U3/ 102125 PCT/ AUO3/ 00660 - 47 a) The drive

tSKSt em and thecaagd that@pettet 1 GexpelRge S@Ofirsi endn gecatin pdla dntoothendlngd antheaftsingt e
e

container; and,
f) Repeat steps (c) to (e) until the first and second cells are within a predetermined distance.
20  13) A method according to any of claims 1 to 12, the electrodes being coupled to an electrode drive
system adapted to move the electrodes with respect to the fusing containers, the method
including using a controller coupled to the electrode drive system to position the electrodes in
the fusing chamber.

14) A method according to any one of claims 1 to 13, the electrodes being coupled to a signal

25 generator, the method of applying the current to the electrodes including causing the signal
generator to apply a predetermined current to the electrodes.

15) A method according to claim 14, the first and second cells having a respective cell type, the
method including using a controller coupled to a signal generator to select the current in
accordance with the cell types of the first and second cells.

30 16) A method according to claim 15, the first and second cells being the same type of cell and the
first and second group of cells being the same group.

17) A method of fusing first and second cells, the method being substantially as hereinbefore
described.

18) Apparatus for fusing first and second cells, the apparatus including:

35 a) A fluid filled fusing container;

b) Atleast two electrodes adapted to be positioned in the fusing container in use;



pi pette; b) The el ectrode drive system the processor being adapted to nove
the el ectrodes; and, c¢) The signal generator, the processor being adapted

t o cause Waoeo3siogmeal generator to generate 5 an el ectri calpcuaumssibedoavi ng
the predeterm ned waveform 29) Apparatus according to claim28, the
controller including a detector adapt e to detect the position of cells
within the containers, the processor being responsive to the detector to
nove at | east one of the electrodes and the pipette in response to the
posi tion ofc)detsertwesiozel | s. 30) Apparatus according to claim28 or claim

29, the processi system i ncl udi ng_an.Jd np f or. el vi .Lhput
commands fromPa é}geép.xg %%St%ﬂ ot %Igupaéc}é%s[r%ﬁaﬁél eﬁén%?eg?{%ﬁgeoé’o\ﬂ[aﬁxgr, lfilil.&(gcessor

bei ng coupl ediij OSetectit®i €chinl cel from agoupanf edcondwellsibeld inraspspesinicpmgne; nunber

of different predeterm ned.waveforng, the .pr bhei t 5Q.

sel ect one of “f)hlgos’r‘i’é?ﬁﬁg?heo@rsb? d8TRF ltglse1 t%aguéﬁgr%?r@m?ﬁj ﬁ}gg%g?%eagcg °t (ﬁé

i nput scommands #mdcei ved fromthe user. 15 32) Apparatus according to claim

30 or claim31, th rocessor hei.ng,adapt . v - he
el ect r odes @né ilﬁ@?ﬁ&ﬁ OFéoTpﬁedrbfgélg%ﬁes?go eg’e[ %Selg‘%agg%‘%%mg‘% %%gggiap%gg%f%gedéf rom
the user. 33) fidfPaKaicUSpradta@mttict gvavefomnto of ganemiedeBen the3dectrodgs, therby ol | er
bei ng adapted to, cause the cells to fuse by causing the apparatus to
performthe nﬁ?‘f‘?ﬁ’@%ﬁce};{ﬁ&%ﬁe'cl ains 1 to 17. 34) Apparatus for fusing first
and second) appakfus deb@diappadlanus, thesdgtos tkisg apipétel | y as her ei nbefore 20
descrjbed. 35) A controller faor controlling apparatus for fusing first and
secontd c&0) Appapates agpoydipg fq Rlal ?}81 tﬁ‘ﬁ?‘??@.almsgfg’ﬂr @Eﬁ‘ﬁ“&g'fi |l ed fusing container;
b) At | east st W dgbeEsstea0aRpted 60 mbves thk @iteae withSeghpctAo sheglival, sepembaml fysing
coupled to the el ,ect_roges; Wherein, in use, the controller is adapted to
cause the cel ISMPPEALE hy: i) Causing the selector to: (1) Select a first
cel | from apgraipuafor bidpsd teelubsthbipibetteithepel @sipecinifing tbonglaa pet.; and, (2)

S et AP CeLL AT 0 80 80 e AT I A B EORER,
cont ajner bednmeen the el ectrodes, the first and second cells being held in
ot cdot or HoNSAPYBIGPITE S PREne 8f QHEF S0 P apasy e Rslopfa b SRS 7
fuse. 35 36)rif eBhReiptdto aeeothe eRgrddes wittaiespedGo thelesiganhipkiser bei ng
further a2da%tpgegataso ac%cc))r%hintg itc? Qnytogg of the claims 18 to 22, the current waveform including a fusion
pulse, the signal generator being adapted to apply the fusion pulse to the electrodes to generate
20 an electric field pulse thereby causing the cells to fuse.

24) Apparatus according to any one of the claims 18 to 23, the current waveform including a DEP
current, the signal generator being adapted to apply the DEP current to the electrodes to
generate a DEP field thereby urging the cells towards each other.

25) Apparatus according to any one of the claims 18 to 23, the apparatus including a pair of second

25 electrodes, the pair of second electrodes being coupled to a second signal generator, the second
signal generator being adapted to generate a DEP current, the DEP current being applied to the
pair of second electrodes to generate a DEP field thereby urging the cells towards each other.

26) Apparatus according to claim 25, the pair of second electrodes being provided on the fusing
container surface.

30 27) Apparatus according to claim 18 to 26, the apparatus further including a controller adapted to
control the fusing of the cells by controlling operation of at least one of:
a) The pipette;
b) The electrodes; and,
¢) The signal generator.

35  28) Apparatus according to claim 27, the controller including a processor coupled to at least one of:



el ectrodes in the fusing container. W 03/102125 PCT/ AU03/ 00660 -48 37) A
controller according to claim36, the controller including processor

coupl ed twoats/lbzast one of. a) A drive system adapt ed to raavaUdslvesqoi pette
with respect to the first, second and fusing containers; 5 b) An actuator
adapted to cause the pipette to expel-#f-draw in fluid through a port; c)
An el ectrode drive system adapted to nove the el ectrodes with respect to
the fusing containers; and, d) The signal generator. 38) A controller
according tf ThabiveFsteinddGRNEdh@kdrethe pricksseh tofgaadaisitd it moveamhd prmaietthe
detect the 10 position of cells wthin the containers, the processor being
responsi ve toPPR&: detector to nove at |east one of the electrodes and the

pi pette in ¥)eIROASArolOiVSyRER] the Brocesfor teheadapitld wahdws. the3Wctrddesomtly ol | er
according to claim37 or claim38, the contr.oller jncludin n..n or
receiving 9npte Slg%iﬁ‘aﬁﬁéorf BRICECSEE SFIe ﬁ%}pgeﬂ?% 8%?%ISI§PQ 8%6%% t?\égi%at%:l aim
39, the procegsekcthei bgreohirtgdhd Bedicshmeewheforst or i ng wavef orm 15 data
representing a nunber of different predeter.m ned vef or he .processor
bei ng adap Aeparaiys eprdipg o sLaigs2S, s ‘iﬁ’ﬂﬁ@ rl'%u%%}ge%’@ftsﬁ% anr%ate%%g 8‘8&@% n
response t Opdsiiidn bds waBAR WtainEL e MOcksdot Being fespansies to thelJetebtoc Brbovslak er
according to claim35_ or Iaid;th40., t he rocets%ﬁr b@i nﬁ (gg%e%eqlsto nove at

| east one 6t prseridheslaciradrsan EIP’PFFE@“N&S%‘{“F% ojthe posigA REFEEILEE i nput
comands 3peaglaYR {cb@tink e cluerns or 20id 2P, de povttdslsl sgterddodudiigngn tnputafoy one
of the clainms 35 to 41, the current waveformincluding a fusion pulse, the

cont r¥l | er Besivge BEESORTARS FOMRABEhe signal generator to apply the fusion
pul se  t a1} REpRIRCIERERS td SlaiGEITs HiRtpRocasotbedas doupled toed storpfbrseorinperaséfprm
causing the cells to fuse. 43%@ control | e,rﬁqaccog)di ng to any gne Odf ttcr11e
claims 35 t&ptamprepeningspyraber ohdlerRiRdetEmae] WY CL mbER ROFPERPIRg 48P
control l er RejcRe @EaPHRM DL aUsElctdnainsd 9aadfogR e iapaise tothafppuy cdnreardEP 25
current to the electrodes to generate a DEP field thereby urging the cells

t owar ds eackcoitiidfomiayses control | er according to any one of the clains 35

to 4255 t hg) ApRARal dsorting kd'elhiROB PorRiith 30fthe 5068 bethgedapd @smotde lqasti dne Of

second el ectrodes being coupled to a second sj %nal gener.at %r tt.‘he

control | er Pehneeciiodistaad thegmetie gepawe s FRULPGHEPITEHYd sk Po§ener at e a

DEP curr en§ Apbh@us JBPdmp id £f BieinRQ7 PP, iiRdohtvllehigifpaidiptef tosasethd cells to

el ectrodes'to generate a DEP field thereb 0 urgin he7cells t owar ds
ofthaltnd 5k

. u
each ot her . gy grusingthe gpnazatuse pe e 1??5?{% ag¥ "‘to 344, the
controll &) Rﬁbaﬁ‘&u@ﬂ)@@&sﬁ% fire and $8cotll lchlls, the apparatus being substantially as hereinbefore

20 described.
35) A controller for controlling apparatus for fusing first and second cells, the apparatus including:
a) A fluid filled fusing container;
b) Atleast two electrodes;
c) A selector;
25 d) A signal generator coupled to the electrodes;
Wherein, in use, the controller is adapted to cause the cells to fuse by:
i) Causing the selector to:
(1) Select a first cell from a group of first cells held in a respective container; and,
(2) Select a second cell from a group of second cells held in a respective container;
30 and,
(3) Position the first and second cells in the fusing container between the electrodes,
the first and second cells being held in suspension; and,
ii) Causing the signal generator apply a field having a predetermined waveform to the
electrodes, thereby causing the cells to fuse.
35 36) A controller according to claim 35, the controller being further adapted to position the

electrodes in the fusing container.



apparatus according to any one of the clains 18 to 34. 46) A controller
according to claim45, the controller being adapted to cause the apparatus
to perfowaodhezmret hod of any of claims 1 to 17. 35 47) A rcamumlobeso for
controlling apparatus for fusing first and second cells, the controller
being substantially as hereinbefore du&scribed. WO 03/ 102125 PCT/ AUO3/ 00660
-49 48) A conputer program product for controlling apparatus for fusing
first and second cells, the conputer program product including conputer
execut abbp £ astrolk abbor\dﬁf@ Mo el@chh, ek dpireller sneludaigl reoqssot eawieddo gi/lsast M auses
the processing systemto operate as the controller of any one of the
claims 35 t¥ 47.°5 49) A conputer program product according to, claim48,
the processi)ng @yet®seheidngeatbapsiedht pipettawile réshest &pﬁarfaituseco@ pdripgngn t he
met hod of any of .clainms 1 to 17. 50) A computer program product for

control ling apP4¥aFts for fusing first and second cells, the conputer
progr am prqutAtnabm@ﬂouzd:’iap@dmnmtﬂ&rplmmbiloedmwdeﬂmtmhumﬂexecut ed by a

Subst ant i a1 By AGeeioket BHET bt brrsdcan e sl ReE B (R0 Bk ene

mani pul at i rlgI Raitiiheh;aad, the pi pette systemincluding: a) A nozzle for
cont ai ni ng d in._use, the nozzle including a port; b) An actuator
coupl ed to )hﬁﬁ‘ﬁﬁlﬁ’iﬁlgem{%& actuat or being adapted to draw i n and/ or expel
fluid tRepyGIntdIRr pbidingatdctlaith37¢ Jhe Anntedllec inclidmg codgbdcted aflaptadrte datsetzthe

adj acgnt the Bt die e eel Lot Rokng adanbeg. L COoRSEAL G Wincspeond

el ecttbde t18)°S o cou to one
nore parti Cie@ﬁomﬂﬁd dnéb&ddadpcathepipettdmrqspmrtse to&ﬁ@po&mpnpédettmedyslﬂsem accordi ng
to claim or,ne cond t|v te

t he el ectrode bein L.

syst em aégbédﬁoﬁ'ﬁoufﬁacc‘?f’@f%t%ﬁlem? %éoreﬁlgglt rgogjee &1 ner 7o u&ﬁ{g%? migt) %pgetg%ipiﬁ%ess
st efl t ube 1n§ﬁ)ccbﬁﬁ7ﬂaﬂ® feonflh ageet er of approxi mat el y 10mn 54) A pipette
system accor ing.to any. one I 51 t

el udi ndObA B RIS P e ooe e Bl e ‘EyEbBSbhf GYSLAR,

res ptem tg aati }epteeienhhg hg&?w ot diffeent méﬁetehhﬁe@hyveﬁdﬂn&v&lqomcasmr bsing adapied
positioned in or ved from t

accordi ng t & €l ‘?PICBO the prgbst ﬁfte?rf"ie?eé?l&eéﬁﬁav n a;ﬂ Qgs%%nsg ?3 Flhgll%élg%gerblgl rﬁi)rASt =

coupl ed  25rde@vddteoretheekerode for gener atl ng a pr edet ermned electric field

bet the el ectrod
S6) A pi g deroa Al BioHCD EFarhba RECR pstpa ey BaR ETLRCE

control | er ggagtieckldctodes and the p1pette in response to the input commands received from the user.
20 42) A controller according to any one of the claims 35 to 41, the current waveform including a
fusion pulse, the controller being adapted to cause the signal generator to apply the fusion pulse
to the electrodes to generate an electric field pulse thereby causing the cells to fuse.
43) A controller according to any one of the claims 35 to 42, the current waveform including a
DEP current, the controller being adapted to cause the signal generator to apply the DEP
25 current to the electrodes to generate a DEP field thereby urging the cells towards each other.
44) A controller according to any one of the claims 35 to 42, the apparatus including a pair of
second electrodes, the pair of second electrodes being coupled to a second signal generator, the
controller being adapted to cause the second signal generator to generate a DEP current, the
DEP current being applied to the pair of second electrodes to generate a DEP field thereby
30 urging the cells towards each other.
45) A controller according to any of claims 35 to 344, the controller being adapted for use with
apparatus according to any one of the claims 18 to 34.
46) A controller according to claim 45, the controller being adapted to cause the apparatus to
perform the method of any of claims 1 to 17.
35  47) A controller for controlling apparatus for fusing first and second cells, the controller being

substantially as hereinbefore described.



control the drive system the actuator and the signal generator to thereby
apply an electric field to a particle by: 30 a) Positioning the particle
in the cowomisnezizadj acent the second el ectrode using the mHqEAUIB006d0)

Posi tioning the pipette port adjacent the particle in the container; and,

c) Activating the signal generator. 57¥9A pi pette system according to claim
56, the controller being adapted to fuse cells, by: a) Positioning a first
cell in the container adjacent the second el ectrode using the pipette; 35
b) Posi t k@M BempEEKOREMGEbduci for therolimgtappaens fodjfasirenfirst 4nal fepandtcelnithe usi ng

the pipette; WO 03/102125 PCT/ AU03/ 00660 - i tioni :
bort ol aceRIPLCPRERE: Pl SECUN SOPIa: cLodslt B pEGIAR f OB iR (8,

are subst angitald prokstingssteintauses te prooesmy syt todperatstas thatcoritpllehe asy grfal
generator to Cacgai% ? rgdet ermned field sequence to be applied to the
cells, ther‘gER)3 3 ':hg"‘t he cells to fuse. 5 58) A pipette system accordi ng
to any ong) Rkoip@erchragmm fddutioachatding e clpinp 4}, ttke prpseseing Fusterhbeing ddaptedidh ng:

a) A radiation source; and,.b)_ A wav i de V] first end coupled to
the radi ati® Seé%‘iﬁ*’@%ra@ﬁa) erfg’g%g’ﬁ@%ggg%nﬁ’&fg%ﬂspgto?%e nozzl e adj agent t he
port_ tIO 5OEA @BMpaed @*Agﬂd SﬁhCBradchfbr feonirallidgeappadiva foroisisg first end secontoeellsrghtige on
particles positioned adjacent. to.the port in . ispet

accor di ng t@TPPEF RISE™ {’Wéucﬁil’bc fding QR rHY aﬁﬁicﬁggévhgg%}% (f%%lﬁzhea{n

det etCE or  beithge aﬁa&g@@g tstelft emtesr @di atocening niystesd thyopehite pabstantédlly. 260) A
pi pette systemaccording to claimb59, the detector being coupled to the
firstlilend ofergpRelorgess de, to thereby detect radiation emitted fromthe

ggrtiﬁl e.51)'é§ p?)_ate Hysteiret ﬁq?iﬁﬂﬁmgmmclem}dimtte gysemyindndingf the clains 58 to
, e radiation source being.a |aser. 2) JA.pipette systemaccording to
any one of YhedB¥ ]ieﬁ%”@%ta’tnl?g%%‘ﬁflﬂée’ﬁﬁ\%@%l Celu%g %E]orEa fi)l:/)re optic cab?e.
63) A pi pette Syahamn: 3egnddb Bg loerld e aonetoobeitgaiaptedionsavb 8 4nd/o6expet fiad
wavegui de bein forgeeg%fr m t he nozzle, the nozzle including a shaped

portion to allt g #8tion fromthe radiation 20 source to enter the
nozzl gs and pass sleifdleddoupledsd i petitiadiacadt thdpomotbe leectrodeebairgradapiedrio bei ng

emtted fromthe nozzle through t t. 64), A.nj : i
Sy one of t heoorREIeE ST geeAE o pbip ek ARl bt Pl LRALERAEND O

adapted to perdraome @htidl&astitianre agbcentthe pat.i vating the actuator to thereby
cause Tl u5|2():i Atpci)pel’:c)tg sysie?n@cc!)r ing Q(g clzle%n 561),(812 lefegt(rjodte Ei&c‘j ﬁ)rllmcte&] $conductive tube.

53) A pipette system according to claim 52, the electrode being formed from a stainless steel tube

20 having a diameter of approximately 10mm.

54) A pipette system according to any one of the claims 51 to 53, the pipette system including a
drive system adapted to move the pipette system to be with respect to a fluid filled container to
thereby allow particles to be positioned in or removed from fluid in the container.

55) A pipette system according to claim 54, the pipette system including a signal generator coupled

25 to the electrode for generating a predetermined electric field between the electrode and a
second electrode positioned in the container.

56) A pipette system according to claim 55, the pipette system including a controller adapted to
control the drive system, the actuator and the signal generator to thereby apply an electric field
to a particle by:

30 a) Positioning the particle in the container adjacent the second electrode using the pipette;
b) Positioning the pipette port adjacent the particle in the container; and,
¢) Activating the signal generator.

57) A pipette system according to claim 56, the controller being adapted to fuse cells, by:

a) Positioning a first cell in the container adjacent the second electrode using the pipette;

35 b) Positioning a second cell in the container adjacent the first cell using the pipette;



25 port; and, b) Activating the radiation source, to thereby expose a
particle to radiation. 65) A pipette systemaccording to claim54 and claim
64, the dwiovs/i®yrsem being coupled to a controller, the aawAwisloessobei ng
adapted to recover particles having predeterm ned properties fromthe
contai ner by: 30 a) Positioning the ptpette systemsuch that the port is

adj acent to a particle; b) Activating the radiation source to thereby
expose the particle to radiation; «c¢) Detect any radiation emtted by the
particle; d) Peligsng@e pipefdiorpatidcest tke fisardecqud edii, sudi the dirpraopesconds i n
accordance with the detected radlip?atli on; and, 35 e) In accordance with a
successful cofpirarcuhstantially Yetyeen iheelestpdesiBE: t o t hereby draw fluid into

the nozzl e Hheuahink iR spRktgendrher kst & pRUEE g dtHoR] Parchécth de apilie@BYthO2125
PCT/ AU03/ 00660 _-51 66) A pipette g}é/stem according to any one of the clains
51 to 63, thecg}&ﬁafteBYC%UHEWHiCﬂEj:to § Afluid reservoir: b) A flexible tube

coupl isng skhg Pased!sGstéR abbRdihs W ey 68L6NDE rclaime 51 Ad 53y the pastte ispuenl fetheas t o
partially conpress the tube; 5 d) An actuator drive system adapted to nove
the arm so #eUdiB&perform at | east one of: i) Further conpressing the tube

to thereby gxpelaghlitH @dulce:omit he port; and, ii) Deconpressing the tube to

thereby draw fluid in through the port 7) A.pipette stem acgcording to
clai m 66, tPe aFEYratgF heing2 11‘399?1‘1&?14?1%1%}3? %?Gl.angﬁ &’,h{mﬁa?ﬂ‘i S%f’@?%gl} ocrouglre ?ve
for moving the, oIk hdfa&P &ed pdrOtot Merebit Bkova Rediiation toad the rradiativa, sofifde 3y A
second actuator drive forned -f,rofrln an arm end portion, the armend portion
bei ngld n  contmemeg®t Prrtqies pesitiener Adprent to POl diWiid act uat or drive bei ng

adapt ed ts59) Rﬁﬁ'}%@ce ts{A@erR b BRI toRBithiS8NtHE HiRUPAREDINclodiAE baletectof Be dutqiopet t e
system according to_claim®66 or claim®g67 pi pette systemincluding a

, th
control |l er b%&&ﬁ@ﬁﬁd@cﬁeﬁﬁ@a‘aﬂﬁwed&%IQF@aE’;‘?gt em the controller being

adapt ed t(,@? BPSpRHCystBR RBErdiAE @6 cldin 8¢, thd etdis Bying eoubkerneye thsawnd biithd i n
or expel flui'd through the port, 69) .As(ﬁ' ‘Fette Sﬁs?tem according to claimb54
and cl ai m 6@avegpide.dp fhgeby gedect pdpEpmgnd %%&W&ﬂ e controller, the

controd | &1) RGjigiete arlat RPortiRg REHH\GRE of1Be E1hiels 88 td 600 therdiBatioh sduicdbeinga)laser.
Positioning the pipette system suchgg% hat thséport i s adj

parti cl e;62APIDY systen ar5eTding feany Ong at 1B claims 8 10k ey, "?%;gélﬁ%%@?eawﬁﬂ ui d
into the nogghe through the port, 20 thereby recovering the particle.

63) A pipette system according to any one of the claims 58 to 62, the waveguide being formed
from the nozzle, the nozzle including a shaped portion to allow the radiation from the radiation

20 source to enter the nozzle and pass along at least a portion of the nozzle, the radiation being
emitted from the nozzle through the port.

64) A pipette system according to any one of the claims 58 to 63, the pipette system including a
controller adapted to perform at least one of:

a) Activating the actuator to thereby cause fluid to be drawn in and/or expelled through the
25 port; and,
b) Activating the radiation source, to thereby expose a particle to radiation.

65) A pipette system according to claim 54 and claim 64, the drive system being coupled to a
controller, the controller being adapted to recover particles having predetermined properties
from the container by:

30 a) Positioning the pipette system such that the port is adjacent to a particle;
b) Activating the radiation source to thereby expose the particle to radiation;
¢) Detect any radiation emitted by the particle;
d) Determine if the particle has the predetermined properties in accordance with the detected
radiation; and,
35 ¢) Inaccordance with a successful comparison, activate the actuator to thereby draw fluid into

the nozzle through the port, thereby recovering the particle.



70) A pipette systemaccording to any one of the clains 63 to 69,
being formed from silicon tubing. 71) A pipette systemfor

particl eswadsaopizpett e system being substantially as her eiaTesr0e660
described with reference to the accorrpgallnyi ng draw ngs.
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66) A pipette system according to any one of the claims 51 to 63, the actuator including:

a) A fluid reservoir;

b) A flexible tube coupling the nozzle to the fluid reservoir;

¢) An arm positioned so as to partially compress the tube;

d) An actuator drive system adapted to move the arm so as to perform at least one of:

i) Further compressing the tube to thereby expel fluid from the port; and,
i) Decompressing the tube to thereby draw fluid in through the port.

67) A pipette system according to claim 66, the actuator drive system including:

a) A first actuator drive for moving the arm with respect to the tube and/or bladder; and,

b) A second actuator drive formed from an arm end portion, the arm end portion being in
contact with the tube in use, the second actuator drive being adapted to cause the arm end
portion to expand or contract.

68) A pipette system according to claim 66 or claim 67, the pipette system including a controller
coupled to the actuator drive system, the controller being adapted to operate the actuator drive
system to thereby draw fluid in or expel fluid through the port.

69) A pipette system according to claim 54 and claim 68, the drive system being coupled to the
controller, the controller being adapted to recover particles from the fluid by:

a) Positioning the pipette system such that the port is adjacent to a particle; and,

b) Activate the actuator drive system to thereby draw fluid into the nozzle through the port,
thereby recovering the particle.

70) A pipette system according to any one of the claims 63 to 69, the tube being formed from
silicon tubing.

71) A pipette system for manipulating particles, the pipette system being substantially as

hereinbefore described with reference to the accompanying drawings.
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