-1 CELL RECOVERY Background of the Invention The present invention relates to a method and
apparatus for recovering selected cells. 10 March 2005 Description of the Prior Art The reference to
any prior art in this specification is not, and should not be taken as, an acknowledgement or any form
of suggestion that the prior art forms part of the common general knowledge in Australia. It is often
desirable to obtain cells having predetermined propefties from a group of cells or t@s]ﬁ[ércﬁa?\ﬂ% a
range of properties. One way in which this may be achieved is through the use of flow cytometry. Flow

cytometry is used to quantitatively measure Eﬁﬁiﬁebigﬁ%cal characteristics of particles in fluid

samples, as they are presented, in single file, ght beam. In this case, the cells are
labelled with markers, such as fluorescent markers, such that the markers couple only to cells having
the desired pyadaiainaioedorapaities. The labelled cells are then injected into a stream of fluid flowing

through the_cytometer. Alightb am is focysed onto the stream of fluid, uc%th t as the cells pass
through the THHY BEAR R FAPRATS HIPELEd HARAAG Hhi CEHE WAUEY I UESed properties to be

detected. The cells may then be sorted using either droplet deflection or a mechanical sorter. In the
case of droplgfdsfiehtitnamigzagiectric transducer is used to create droplets of sheath fluid. An
electric field is applied to the drops to sort them in accordance with the cells contained therein.
Alternatively "8 LR WRpRIHY tdBe Brbrie NS H1A)Be ME8HIINTBAHE fididHolt D rétotr cells
contained thetsin] aklgdesariedfddexafiyle; i dhSHaatenpitu b és S 10 30 160 2omhiic ghyedwever
flow cytomei(t&;@lg& SQRhistigated instruments that require at least daily alignment by a highly skilled
operator. Setting u the apparatus is also difficult and requires complex calibration. Furthermore these
techniques can generally only be used to sort large numbers of cell populations, however it is

somewhat limitedanlaed-tae: neovaen ofithecalls prthistnac-agpopatiey ase 9Wwsoap yvhem onkyssipall

cultures are available. FA%S machin%s can o eraﬁeﬁgrt) down toharo d 1000, cells. Th? 1;Present

invention intahds o Have tHa Rbillty to operate down to Singte cells 2 10 MarerF 3005 s of fow
cytometry. Flow cytometry is used to quantitatively measure physical or chemical characteristics

of particles in fluid samples, as they are presented, in single file, into a focused light beam.

In this case, the cells are labelled with markers, such as fluorescent markers, such that the markers
couple only to cells having the desired predetermined properties. The labelled cells are then
injected into a stream of fluid flowing through the cytometer. A light beam is focused onto the
stream of fluid, such that as the cells pass through the light beam, the markers fluoresce, allowing
the cells having the desired properties to be detected. The cells may then be sorted using either

droplet deflection or a mechanical sorter.

In the case of droplet deflection, a piezoelectric transducer is used to create droplets of sheath fluid.
An electric field is applied to the drops to sort them in accordance with the cells contained therein.
Alternatively, a mechanical capture tube or the like may be inserted into the fluid flow to recover

cells contained therein, as described for example, in US Patent Number US-5,030,002.

Typically however flow cytometers are sophisticated instruments that require at least daily
alignment by a highly skilled operator. Setting up the apparatus is also difficult and requires

complex calibration.

Furthermore these techniques can generally only be used to sort large numbers of cell populations,
however it is somewhat limited when the number of the cells within the population are low, or
when only small cultures are available. FACS machines can operate (sort) down to around 1000

cells. The present invention intends to have the ability to operate down to single cells



However, as there are often only small numbers of cells having desired properties, it is necessary to
have apparatus to detect, recover and isolate single cells in a fashion that is non detrimental to the
cell. These cells are then available for further analysis. Summary of the Present Invention In a first
broad form the present invention provides apparatus for recovering selected cells from a number of
cells, the selected cells having predetermined properties, the apparatus including: %Mag‘ihﬁﬂpétion
system; b) A detection system; c) A retriever; and, d) A control system, coupled to the stimulation and

detection sypiems,and,a pipetie.ihe, icontipl sysiem eingiadaptad ja; D Allemet o simulate,one or
more of the cells uéingl}ﬁe stlmufatlor?’sysatem; % etect at least one sti Lﬁalite ’ce]fusmg détection

system, thehatigripRiiatiead] deiainieohepratispddin medepidsaptie &shiod, it Rewoatamsataliatee cell

using the pipattendbediatiRvesdsiiier b Arripetigaflthough other devices for retrieving the cells
could be used. The pipette is preferably coupled to a drive system, and includes an actuator adapted

to actuate the pipette to thereby expel or draw in cells through a port. In this case, the control system
is typically Swiaptag w:thy Dpsmaténtiradrive system to position port adjacent the stimulated cell; and,

b) Recover the £RYl b QPRIAIRY G aRHAIRGE TISVRRY S derGelliBiihe RipaHe Nhiscase, the

drive system is typically a micromanipulator. The detection system may be adapted to: a) Determine
the position"8F{He %ftﬁﬁe!ﬂékl?cf?!&?F?%ﬁﬂ}sd)amféftﬁﬁqﬁdﬂc@ﬁB%?stﬁ%e68%‘?fﬂihsé‘?ctﬁ81§$i'mulated cell to
the control systgmAthandetibrodysysiem being adapted to operate the drive system in accordance with
the indicated sotjm I%?e%t?o%"s%?g’mon' The stimulation system may be coupled to the pipette, thereby
allowing the stimulation system to’ stimulate cells near the port. -3 10 March 2005 The control system
is typically opefated] #etiever; and,

d) A control system, coupled to the stimulation and detection systems and a pipette, the
control system being adapted to:
1) Attempt to stimulate one or more of the cells using the stimulation system,;
i1) Detect at least one stimulated cell using detection system, the stimulated cell having
the predetermined properties; and,

iii) Recover a stimulated cell using the pipette.
The retriever is typically a pipette, although other devices for retrieving the cells could be used.

The pipette is preferably coupled to a drive system, and includes an actuator adapted to actuate the
pipette to thereby expel or draw in cells through a port. In this case, the control system is typically
adapted to:

a) Operate the drive system to position port adjacent the stimulated cell; and,

b) Recover the cell by operating the actuator to thereby draw the cell into the pipette.
In this case, the drive system is typically a micromanipulator.

The detection system may be adapted to:
a) Determine the position of the stimulated cell; and,
b) Transfer an indication of the position of the stimulated cell to the control system, the
control system being adapted to operate the drive system in accordance with the indicated

stimulated cell position.

The stimulation system may be coupled to the pipette, thereby allowing the stimulation system to

stimulate cells near the port.



a) Operate the drive system until a number of cells are detected by the detection system; b) Attempt
to stimulate the cells; and, c) Repeat steps (a) and (b) until one or more stimulated cells are detected.
The cells having the predetermined properties may be coupled to respective markers, in which case
the stimulation system is typically adapted to stimulate the cells by stimulating the markers. However,
direct stimulation of the cells may be possible in som\?e circumstances. The marker%orﬁ%%@(mforescent
markers, in which case the stimulation system typically includes a radiation source for stimulating the
quorescentmgrl&e&sdlHoygev.er o.thﬁr markeﬁsfosuch as magnetic markers, or the like, may be used.

a

The radiation source Fﬁyﬁ‘?&% a lage ,ezraal{ﬁough LED or other radiation sources may be used.

Alternatively, thé rirekeeshndyiseyriagiatic makersof aolihichdetestcdthe theignitationsssistem is formed
from a magnetig figlggpney atafadaniec 1o, gemerate a magnetic field. The magnetic field can be

adapted to attract timutlated gaslrtic@%towlards the retritevelr Iofgr Eove%/. The stimulated particles can
be drawn into the g??gﬁes'ﬁﬂsd ﬁﬁlg {i8H' SPerd %%{ﬁﬁé?fg fistaSC Addfl eﬁ%ﬂ‘i%ﬁm alternatively, standard
use of the pipette can be used. The detection system may be formed from the magnetic field

generator, with d1f FHHY %@%&@QM@%@&G&?{%&%M%Q&%@%@{%@@% afe-Daticlestabe

magnetic field. The detection system typically includes; a) An imaging system for generating images of
one or mord"6f HECHIR éWHb}SAtW&]é‘ésahi;gf@st%rﬁ“fBPl@l@tél&fﬁir‘fﬁ”ée‘ﬂ% SR SiniiatetikcENs in the
images. Thelowagindisystemujpretenabheeiny doppieiditartkentdrviesystereio thereby generate
images of a region near the port. However, a separate respective drive system may be used. The
particles may be any form of particles, although the apparatus is particularly suitable for use with cells.

-4 10 MarcH romsrksta Baxbadusises Torikaie pradédt savehticshprovrIey demdrmnisalbfirsbilseding

selected cellgifiom aondnber aftedsnthensefroiestaelimhaving pedeierminred prapektiesckhasmethod
including: a])nét;[gpwpt tq{srtirrg)ult%'éel(iigne or rl’)nourseegf the cells; b) Detect at least one stimulated cell having

the predeterm%ne(ljp [:r)?%rpgr%ieé; an ,e’cT?%egover'a stimulated cell using a retriever. The retriever is

preferably a pipette, although other retrievers could also be used.

The radiation source is typically a laser, although LED or other radiation sources may be used.

Alternatively, the markers may be magnetic markers, in which case, the stimulation system is

formed from a magnetic field generator adapted to generate a magnetic field.
The magnetic field can be adapted to attract stimulated particles towards the retriever for recovery.

The stimulated particles can be drawn into the pipette under the action of the magnetic field.

Additionally or alternatively, standard use of the pipette can be used.

The detection system may be formed from the magnetic field generator, with the stimulated

particles being determined by the attraction of the particles to the magnetic field.

The detection system typically includes:
a) An imaging system for generating images of one or more of the cells; and,

b) A processing system for detecting cells and/or stimulated cells in the images.

The imaging system is preferably being coupled to the drive system to thereby generate images of a

region near the port. However, a separate respective drive system may be used.

The particles may be any form of particles, although the apparatus is particularly suitable for use

with cells.



The pipette is typically being coupled to a drive system, and includes an actuator adapted to actuate
the pipette to thereby expel or draw in cells through a port. The method preferably includes: a) Operate
the drive system to position port adjacent the stimulated cell; and, b) Recover the cell by operating the
actuator to thereby draw the cell into the pipette. Generally the method includes usin%ga detection
system to: a) Determine the position of the stimulated cell; and, b) Operate the dri

accordance with the indicated stimulated cell position. The method typically includes: a) Using an

maging S.V%B%Jé’c{ﬁ%?%r ﬁ'&%)%ﬁgﬁree%e%{ 08 85@?%%5’2@%&%9@?0??9’0 o i%%@l%é’%%@%%ﬁ??%ﬁ system
for detectlng stimulated cells In the'images. e metho generally includes causing the control system

to: a) Operatenrs efriedssykaepteepdicellpbavernofdeidraais detedited. Hie thethastigielsgstem; b) Attempt
to stimulate the celseaptokiReneatRtepPs & @k (Rliyntl one or more stimulated cells are detected.
The markers yﬁlternativel be maggeti nm]jkers, }Lin which case the the. method including applying
a magnetic field’to F]tgcb%tr{ﬁ?ls 816 THBREHS Sim s tRe e EfS?ﬁEﬁ%%l.“‘T%ErﬁR%%%t?@ teld can be adapted
to attract stimutateReparticles tolvaadiscthesratdesteiefer. recovery. In this case, the stimulated particles
being drawn into the pipette under the action of the magnetic field. The method can include detecting
stimulation of the particles by detecting the attraction of the particles towards the retriever. -5 10

March 2005 & HRaEs GaPRs iorehbraB Herriinee Biradpaiats sulbrtingedstde first broad form of the

invention. In a third broad form the present invention provides a processing system for controlling

apparatus fﬁ% I‘& QtYeeﬂ qgg’?cﬁt?ﬁ%gé?a&lt&ﬁi%%% 4 (ﬁ}%‘e«' 9?&6%,?1%'(!1%11&%? sezlg %tc & Ucl% %\ﬁ B actuate

predetermined " properti ap including a’stimulation system, a detection system and a
retriever, th&e pipriEssitiyishserpebeidiradaptde tooughatmsrmpl b6 Sathedaisisnblpimsbiesof the cells
using the stimulptiopesystamndai)clpieat atjeasbopesiimniatedt cethusingcdriestion system, the

stimulated cell g Te, predRIP NG PIRPRIIES: R RESRYRL A RiSghegl usin the
Generally the method includes using a detection system to:
a) Determine the position of the stimulated cell; and,

b) Operate the drive system in accordance with the indicated stimulated cell position.

The method typically includes:
a) Using an imaging system for generating images of one or more of the cells; and,

b) Using a processing system for detecting stimulated cells in the images.

The method generally includes causing the control system to:
a) Operate the drive system until a number of cells are detected by the imaging system;
b) Attempt to stimulate the cells; and,

c) Repeat steps (a) and (b) until one or more stimulated cells are detected.

The markers may alternatively be magnetic markers, in which case the the method including

applying a magnetic field to the particles to thereby stimulate the particles.

The magnetic field can be adapted to attract stimulated particles towards the retriever for recovery.
In this case, the stimulated particles being drawn into the pipette under the action of the magnetic

field.

The method can include detecting stimulation of the particles by detecting the attraction of the

particles towards the retriever.



The processing system is typically being adapted to perform the method of the second broad form of
the invention, and operate as the control system of the first broad form of the invention. In a fourth
broad form the present invention provides a computer program product for recovering selected cells
from a number of cells, the selected cells having predetermined properties, the apparatus including a
stimulation system, a detection system and a retriev%r, the computer program pronMaﬁ‘f I ﬁg

computer executable code which when executed by a suitable processing system causes the

processing gysten, 1q perfarm the method ?Of ihe. 280 %90?5%aqof‘ﬂ{%95‘1 is.inyentin, In a fith broad
form the preserrf% invention prov?’d%s a pipe te g?/sliem or maripu a?lng partlclesr,n{he pipette system
including: a) A pipette for containing fluid in use, the pipette including a port; b) An actuator coupled to

the pipette, the @ctHsiIdBInORIpRIeH iR diwni Brandieraexp&ltiids thrauah torRarkeClpparadiation
source; and d)Awaveguigeh Vi q first end coupl Oﬁlﬁﬁ the radiation source and a second %nd
coupled to e FIBERERARTLRAL 10 pORRo AFRRS) Aot Pac KOS S (R8N SBUTELE mpinge
on particlesppusitioncticadjasehtstmthalipert istimsdtibhepipette dystamtypica\pdciudeseedetector

adapted to t&g;iﬁ%qg%@g&m%tggﬁyd%e particle. In this case, the detector is preferably coupled to
the first end of the waveguide, to thereby detect_radiation emitted from the particle. The radiation

source may be® 144259 HRAALH P6 05 9ie HWalRtite g s UMb B SYiERble, or alternatively
may be formedfrobeitee pipatieytt etipipatie tatludingdatshaped (portidr toialdwethe ddiatigndcom the

radiation source tq %]rag%ntltﬁge (pb%]gggg%%]g%{p(ess along at least a portion of the pipette, the radiation

being emitted from the pipette "through the port. The pipette system typically includes a controller
adapted to performieonea st ardoch shingtiig eéexttuator to thereby cause fluid to be drawn in
and/or expelled through the port; and, b) Activating the radiation source, to thereby expose a particle

to radiation, .The pipette system typically includes a drive system ada tef move t ipette system
10 b it TSR e T T R T Ry RS B RS e ARSI Bl i aves

from of the invention, and operate as the control system of the first broad form of the invention.

In a fourth broad form the present invention provides a computer program product for recovering
selected cells from a number of cells, the selected cells having predetermined properties, the
apparatus including a stimulation system, a detection system and a retriever, the computer program
product including computer executable code which when executed by a suitable processing system

causes the processing system to perform the method of the second broad form of the invention.

In a fifth broad form the present invention provides a pipette system for manipulating particles, the
pipette system including:
a) A pipette for containing fluid in use, the pipette including a port;
b) An actuator coupled to the pipette, the actuator being adapted to draw in and/or expel fluid
through the port;
¢) A radiation source; and,
d) A waveguide having a first end coupled to the radiation source and a second end coupled to
the pipette adjacent the port to thereby allow radiation from the radiation source to impinge

on particles positioned adjacent to the port in use.
The pipette system typically includes a detector adapted to detect radiation emitted by the particle.
In this case, the detector is preferably coupled to the first end of the waveguide, to thereby detect

radiation emitted from the particle.

The radiation source may be a laser.



fluid in the container. The drive system may be coupled to a controller, the controller being adapted to
recover particles having predetermined properties from the container by: 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 6getected radiation; and, e) Iﬁg%?%‘afqgé with a
successful comparison, activate the actuator to thereby draw fluid into the pipette through the port,

therehy recayering he particle, The contralleris Rrefprably formed from 2. shifably programmed
processing system. In a sixth broad forn the présent invention provides a pipette system for

manipulatingjisgetiielsdite a pibrpge BYdteriondlianinke sdmtyipdianforcmdiatinngaisd ia aer the pipette
including a pigetidIn RS HBLCRURIaG saithcoPiRe ipethe RctdatalhaingadaRtad it tiiRvpinand expel
fluid throu%E the pﬁrt, the actuator including: i) A fluid reservoir; ii) A flexible tube coupling the pipette
to the fluid rése ﬁ?ot ?‘?ﬁftAn arm positioned so as to partially compress the tube; iv) An actuator drive
system adapted to move the arm so as to perform at least one of, (1) Further compressing the tube to

thereby expel i OR\OR ORIV ) RESOMPIRSHRB IR RS iohershsgraw fuid n through

the port. 10 March 2005 The actuator drive system typically includes; a) A first actuator drive for
moving the arnPwiftf FSEHEHAHEOILE: BAGOL A SeltifdbRfkF e forsaetiehitsrghtiend

portion, the arm epdrpandon being in contact with the tube in use, the second actuator drive being

adapted to Ca“‘%e & AMERG RRMISN &%%’é?t%‘?%%ﬁ;%%@s%a %l}ﬁcﬁ’é Q%E%iﬁé{(?ﬁ‘?m typically 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.

The pipette system typically includes 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.

The drive system may be coupled to a controller, the controller being adapted to recover particles
having predetermined properties from the container by:

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,
e) Inaccordance with a successful comparison, activate the actuator to thereby draw fluid into

the pipette through the port, thereby recovering the particle.
The controller is preferably formed from a suitably programmed processing system.

In a sixth broad form the present invention provides a pipette system for manipulating particles, the
pipette system including:
a) A pipette for containing fluid in use, the pipette including a port;
b) An actuator coupled to the pipette, the actuator being adapted to draw in and expel fluid
through the port, the actuator including:
1) A fluid reservoir;
ii) A flexible tube coupling the pipette to the fluid reservoir;
iii) An arm positioned so as to partially compress the tube;
iv) An actuator drive system adapted to move the arm so as to perform at least one of:

(1) Further compressing the tube to thereby expel fluid from the port; and,



The pipette system preferably includes 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. The drive system is typically 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 adhacent to a
particle; and, b) Activate the actuator drive system tg_thereby draw fluid into the pi AMsEh G 81% the
port, thereby recovering the particle. The tube may l;e' formed from silicon tubing. Typically the pipette
system according to t ixth broad for the jpventign is a pipette according to the fifth broad form
of the invention. In a @tﬁﬂxcr%lgar%srlﬁl?t%g%%gstgé Ghv gﬂ%%%@vﬁ%@éog ‘I;Ll%%tpé) Ig’ystem for manipulating
particles, the pipette system including: a) A pipette for containing fluid in use, the pipette including a
port; b) An ggtugiosicrapledyiatheypipgtianthRi@ctuator being adapted to draw in and/or expel fluid
through the port; and, c) A magnetic field generator for exposing particles to a magnetic field. The
magnetic field en/gggl 6),3 F‘n‘é"‘&"ggf’fésfhﬁ?éal ?r‘%ﬁ% t&%%ﬁ@n‘%’iﬁrgsrpﬁ%gﬁzge t@’i’dﬂ March 2005 The pipette can
include a nozzl®, i wiickl case tiredsotefioitks flormad dfrommd graphiteiayenamd aomigmbengfin
associated windings,alraRgre,0m, 118 N0%2I6. The RIREHSSYSIRIYIAY Ingiideaseatipleradapted to
perform at least one of: a) Activating the actuator to thereby cause fluid to be drawn in and/or expelled
through the port; BAGCBACRALRG QUHTent supply coupled to the solenoid, to thereby expose the
particles to a magnetic field. The pipette system typically includes a drive system adapted to move the
pipetie systgp tp el resRaekif a A dsd sopianeria prbyalauparisles 19 bepaglioned in
or removed f&grﬁl f uFd% %‘F:e (gcl)%tgtlir?%’er. Brief Degcﬁptﬁ})n of the DFaWMllngs An example?’o e(t?ﬁ’e present
invention wiPHE BETes ks PP eeTerbs ettt th draccoipaiyihgreby draw fluid in or expel fluid

through the port.

The pipette system preferably includes 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.

The drive system is typically 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 pipette through the port,

thereby recovering the particle.

The tube may be formed from silicon tubing.

Typically the pipette system according to the sixth broad form of the invention is a pipette

according to the fifth broad form of the invention.

In a sixth broad form the present invention provides a pipette system for manipulating particles, the
pipette system including:
a) A pipette for containing fluid in use, the pipette including a port;
b) An actuator coupled to the pipette, the actuator being adapted to draw in and/or expel fluid
through the port; and,

¢) A magnetic field generator for exposing particles to a magnetic field.

The magnetic field generator may be formed from a solenoid, or the like.



drawings, in which: Figure 1 is a block diagram of an example of apparatus for implementing the
present invention; Figure 2A is a schematic diagram of the pipette of Figure 1; Figure 2B is a
schematic diagram of the operation of the actuator of Figure 2A; Figure 2C is a schematic diagram of a
first example of the pipette of Figure 2A modified for use with a bladder; Figure 2D is a schematic
diagram of a second example of the pipette of Flgur% 2A modified for use with a b]gt%%f? I'—Zl?ﬂ?re disa
schematic diagram of the stimulation system of Figure 1; Figure 4 is a schematic dlagram of the

apparalus gige L. £iguies. 5% to2C;area flow chart of (he process Implemenied by he, agparatus
of Figure 1; 1Iqiegg 82\ are Schematic. lagrams o1 Gells in the Selection A rec ery wells of
Figure 4; Pi’g‘(]}@é qﬁmsamam wredghiamriiedvaghamerde cells being drawn into and expelled from the
pipette of Figure 2; Figure 8is a schematic diagram of the distribution of cells into a well plate; Figure

9is a sche tic.dla%ram of the | Cite nozzl grgéj a nu ber of cells; Flgure 10 is a schematic

diagram of R f@%%ﬂl?ft FvaeCBIBm FO B n?ﬁd?%si%lfs n example of the pipette
of Figure 2 modifiet-tydnefudie antuelectrotierctyigares Thiig @rbexamplecind/ medifidddpipettd; tied Figure
13 is an example gf,a.syifable cutting tool. -9 10 March 2005 Detailed Description of the Preferred
Embodiments An example for apparatus suitable for implementing the present invention will now be
described w.trP?efe?Eﬁeélsoaﬁ&a?a&Sm& SPIGH 1 PGP0 th & elpFaPALGEPRTEI fefeBE B 8sbing
system 10 couplednt@@midrfielding system 11, a first drive system 12, a second drive system 13 and a
stimulation system 14. The first drive system 12 is coupled to a pipette 15, with the second drive
system being coupled to a stage 16, as shown. The processing system 10 includes a processor 20, a

memory 217 %stﬁ%/wfﬁ@tt@;ealbrévréed@a HiYsriatfaAtaptad 20 Hiveineite fatee, beta

stimulation jaigstaee 2furotmediagathet i RbPUS RO pdelRraces JrgByStEm shaniberefase be any

one of a nuH'ub(e t[lg(r:ggtensnsgrng systems, such

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

drawings, in which: -

Figure 1 is a block diagram of an example of apparatus for implementing the present invention;
Figure 2A is a schematic diagram of the pipette of Figure 1;

Figure 2B is a schematic diagram of the operation of the actuator of Figure 2A;

Figure 2C is a schematic diagram of a first example of the pipette of Figure 2A modified for use
with a bladder;

Figure 2D is a schematic diagram of a second example of the pipette of Figure 2A modified for use
with a bladder;

Figure 3 is a schematic diagram of the stimulation system of Figure 1;

Figure 4 is a schematic diagram of the apparatus of Figure 1;

Figures 5A to 5C are a flow chart of the process implemented by the apparatus of Figure 1;

Figures 6A to 6E are schematic diagrams of cells in the selection and recovery wells of Figure 4;
Figures 7A and 7B are schematic diagrams of cells being drawn into and expelled from the pipette
of Figure 2;

Figure 8 is a schematic diagram of the distribution of cells into a well plate;

Figure 9 is a schematic diagram of the pipette nozzle holding a number of cells;

Figure 10 is a schematic diagram of an example of an alternative pipette actuator; and,

Figure 11 is an example of the pipette of Figure 2 modified to include an electrode;

Figure 12 is an example of a modified pipette; and

Figure 13 is an example of a suitable cutting tool.



as a suitably programmed computer, specialised hardware, or the like. In any event, the 1/0 device
typically includes a display, such as a computer monitor or the like, a keyboard, and one or more
other input devices such as a mouse, joystick, trackball or the like. The imaging system 11 includes a
camera 30 such a CCD camera or the like which is coupled to a microscope 31. The imaging system
11 is connected to the processing system via the image interface 23. In use, the dr(?\%[aé% 12,14
are coupled to the processor via the drive interface 24, thereby allowing the processor 20 to control
motion andﬁaelrl%lgcg of the Eigﬂﬁﬂﬁ nd {Qg%[a e 16, as will be described in more detail below.

.. criptio reierre 1ments . . .
Similarly, the stimulation system 14 is coup he" Stimulation interface 25, to allow the stimulation

system to béraexivaredion rpiTdies daikeribder immsarendeglicorisgnt | M psdiothisihmeweektscHacing
predetermingeh pERRSILES fohrdecovered from a group of cells held in suspension in a suitable
container. In order to achieve selection the cells are labelled with markers, which are adapted to
adhere and or permeate only the cells having the required predetermined properties. The processing
system 10 carslihen actigate théstippuldatiomaydee mpidc¢esintinysiate! theowpiker aelisging sheeaby

identify the cellshavingdigRigdetarmingd Rrepsrlies: 15 wilh beapRresirtsddatihiphnaybgiachieved
in a number of wa}/s depending on the characteristics of the markers, and the stimulation system.

Thus for exaffipie,'this FARKE D doRIRF e nEYhdtE AR vty e bStHa GraRGH &) &t&A%bLing adapted
to generatesaomagnetic field. This -10 10 March 2005 could be adapted to cause movement of the
markers, and hence the cells having the predetermined properties, thereby allowing the cells to be
identified. Alternatively, optical markers may be used, as will be described in more detail below. In any
event, onceltePEXIrsSHStfRe DiaelatssiipreachigpehtieB1PAYY Béet iHBHHAAUIEOY AstissiAg

system 10 gandhghiceate the Dipetienidtosemave cellmiigmihadmete4d, Thisiraaydacachieved
automaticaItIXlo muarlclﬁ ini%ccor ance V\{Ehrirt](gu%c%rrpm%n% ar%c%igerd om th?nusertvia thehI/O
device 22. [n'order to Achievents, the p?loceesesore 0 éxedltes apBroﬁrig é)ﬁfﬁlscagti%s Software, which
is stored inesifeswifephopyo2Entehenruivias serdiiohefdherappalratiks: A detailed example will now be
described with reference to Figures 2 to 7. The pipette 14 is shown in more detail in Figure 2A. As

shown, the IDipette is formed from a glass, . . , _
n any event, the I/O device typically includes a display, such as a computer monitor or the like, a

keyboard, and one or more other input devices such as a mouse, joystick, trackball or the like.

The imaging system 11 includes a camera 30 such a CCD camera or the like which is coupled to a
microscope 31. The imaging system 11 is connected to the processing system via the image

interface 23.

In use, the drive systems 12, 14 are coupled to the processor via the drive interface 24, thereby
allowing the processor 20 to control motion and operation of the pipette 15 and the stage 16, as will
be described in more detail below. Similarly, the stimulation system 14 is coupled to the
stimulation interface 25, to allow the stimulation system to be activated, as will be described in

more detail below.

In use, this allows cells having predetermined properties to be recovered from a group of cells held
in suspension in a suitable container. In order to achieve selection the cells are labelled with
markers, which are adapted to adhere and or permeate only the cells having the required
predetermined properties. The processing system 10 can then activate the stimulation system 14 to

stimulate the marker cells and thereby identify the cells having the predetermined properties.

It will be appreciated that this may be achieved in a number of ways depending on the
characteristics of the markers, and the stimulation system. Thus for example, the markers could be

magnetic markers, with the stimulation system being adapted to generate a magnetic field. This



nozzle 40 having a port 41. The glass nozzle includes a female coupling 42 that is adapted to
cooperate with a male coupling 43 on a flexible tube 44. In use, the tube 44 is connected via a
stopcock 45 and a reservoir 46 to a pump 47. An actuator 48 is positioned adjacent the flexible tube
44, to allow the tube to be clamped as shown in Figure 2B. It will be appreciated from this that any
form of actuator, such as a solenoid, may be used. nowever, in this example, the W8 % rmed
from a threaded screw drive 49, coupled a DC or stepper motor 50, which forms part of the drive
system 12. In WUSE. tt&ias %HC{WS the actuator tg.he mq{ed in&rl\le dir ctio1 So{lg\r)% aprow 51. an.amount of

CO cause movement o € markers, an ence, the ce ¢ predetermine,
5mm. The actuator tip'can have a piezo alectric Stack 57 couplfed ereto, 0 aflow fine contro

(displacemernsftionmyiebyHél erdohthechrtodtodenyisd, thicpiavebtaukitalmarkaptoiiihe wivde

system 12. Jawserdhesgipeits isdeagied wilhw suitable fluid medium by placing the port 41 into a
container that has sufficient fluid to fill the system. The pump or other such means of drawing fluid

through the system 47 is activated and fluid is drawn through the pipette. When the system is loaded
and there dreany aivebubbies presetis ihahegubmngrdiwestopabokopbrieclbsad becpreleatitifdrthier fluid

flow, and the,pugp, %?s@éiﬁ“ﬁﬂc%ﬂhﬂ%%%ﬁ%@?ﬁké@e imglllmnesRdADESWig medimyia,actuator

48 is adjusted suchthat the -11 10 March 2005 silicon tubing is compressed, to about half its diameter,
as shown ifFiGTe PEMAIGE Y PLSBMHE TS BEHES BERITBHECPTAPIA WO &R § e Actuator
48 to movetir the diveetin of the arrow 51 compresses or releases the tubing 44 which, in turn, either
expels or draws in fluid through the port 41. This allows cells to be recovered from a well, as will be
explained in more detail below. Variations on this design are shown in Figures 2C and 2D. In these

examples, tHerktUaRshiess$hipdbRipIees W HLeTRC a5 apRIePIANPPEGIted SAftharflexiink LBerel. In this

case, the bladalembas 2lnrgebaiesthsoptanah arem: thaparing.tube and will therefore contain a greater
volume of fluid per unit length compared to the tubing 44. This has two main benefits. In particular, the
larger cross sectional area provides for a greater range of movement of the actuator. This coupled
with the inckelrtelddieienvoturmiéiaviiee dtsdihed alldwelfomeededagareamsunt of fluid to be displaced
when compared to the action of the actuator on the tube 44. As a result this provides greater control

over the amount of fluid ,eerIIed or drawn in through the . .
The pipette 14 is shown in more detail in Figure 2A. As shown, the pipette is formed from a glass

nozzle 40 having a port 41. The glass nozzle includes a female coupling 42 that is adapted to
cooperate with a male coupling 43 on a flexible tube 44. In use, the tube 44 is connected via a
stopcock 45 and a reservoir 46 to a pump 47. An actuator 48 is positioned adjacent the flexible

tube 44, to allow the tube to be clamped as shown in Figure 2B.

It will be appreciated from this that any form of actuator, such as a solenoid, may be used.
However, in this example, the actuator is formed from a threaded screw drive 49, coupled a DC or
stepper motor 50, which forms part of the drive system 12. In use, this allows the actuator to be

moved in the direction of the arrow 51, an amount of +5mm.

The actuator tip can have a piezo electric stack 52 coupled thereto, to allow fine control
(displacement of + 20pum) of the end of the actuator. Again, the piezo stack forms part of the drive
system 12.

In use, the pipette is loaded with a suitable fluid medium by placing the port 41 into a container that
has sufficient fluid to fill the system. The pump or other such means of drawing fluid through the
system 47 is activated and fluid is drawn through the pipette. When the system is loaded and there
are no air bubbles present in the tubing, the stopcock 45 is closed to prevent further fluid flow, and

the pump 47 turned off.

Whilst the port 41 is still immersed in the fluid medium, the actuator 48 is adjusted such that the



aperture 41, allowing for greater accuracy in retrieving individual cells using the pipette. In this
instance, it will be appreciated that by providing sufficient liquid in the bladder, it is not necessary to
provide the stopcock 45, the reservoir 46 or the pump 47, as shown in Figure 2C. In particular, the
bladder and pipette can be filled, with an amount of fluid being expelled from the bladder before the
bladder is positioned so as to cooperate with the actyator, thereby allowing the ac]t%/lla?cbggﬂ?on to be
adjusted to allow fluid to be drawn in or expelled through the aperture 41. Alternatively, the bladder

can be connected tp. a stopcock 45, reservair 46 and pump 47, by a tube 44B, as shown in Figure 2D.
For the remi bl Tk JELREs o e R bt B G, TR e e aa
although it Witl bastadppesisaed] thafltie el ueysivd] Bisecapply 416 thenertuitdheadtietiion drihe
gppropri gteal?fl'é\ﬁi d?f cHinB%@z\%Kam R!i%a&@f i mxﬂﬁtg'pmswm@}m i%ﬂ%ﬁ%ﬂé@%@etb PR ilé%ﬂﬁa Srf]l own
in more detail in Figure 3. As shown, the stimulation system inclu a radjation source. 60, such as a
OV burner WHEIHIR itbre) AVA0 i Rt ES0NE0 5 Rt St MBI AT B e o
coupled to trenpipdtte. nozzle 40, using appropriate fixing means, such as a rubber tube (not shown).
The optical fibre is also coupled to detectors 62, such as photo-diode -12 10 March 2005 tubes, via
suitable filters 63, to detect emissions from_cells, as will be explained in more detail below. In use, the

system can ‘GSIRESRT (B JESh AR ANE gYRY Xh Bl sltte R Ahs T aBRSp i et ORaR N
suspensionpdsitantker ddjachi ataathia, 4he appatatus ts dreabiedasighowmischamat daldin kdgare 4. As

shown, the,age 16 Includes, AR ARe IR NV IS TUCHRRFORG S AT FflG R, Ffgm this it
cally m

will be appreciated that the microscope 31 Is typi an inverte croscope. In use the stage 16 is

adapted to leshvecrrERscifofhvBIPPE dontaitimbrtheveanditotsecfézoeraditionlie shadarasayraso
receive a regeney well grialcieneivipgihe regevaredealst|bruse atiaitselentionsvsl i Vi pasitioned

on top of the apertur, 7C§ to allaw th erg 30 tq obtain an image he, insjde.of the selection well
71, via e M msen o e S A B R R e B S L S e 14,
to cause theostagredtoiec avdive o tivcaclireiotionghsiidwridy the arrows 73, 74. This allows a

representation of the contents of a selected well can be captured by the processing

As a result this provides greater control over the amount of fluid expelled or drawn in through the

aperture 41, allowing for greater accuracy in retrieving individual cells using the pipette.

In this instance, it will be appreciated that by providing sufficient liquid in the bladder, it is not
necessary to provide the stopcock 45, the reservoir 46 or the pump 47, as shown in Figure 2C. In
particular, the bladder and pipette can be filled, with an amount of fluid being expelled from the
bladder before the bladder is positioned so as to cooperate with the actuator, thereby allowing the

actuator position to be adjusted to allow fluid to be drawn in or expelled through the aperture 41.

Alternatively, the bladder can be connected to a stopcock 45, reservoir 46 and pump 47, by a tube
44B, as shown in Figure 2D.

For the remainder of the description, the example will focus on the use of the actuator on the tube
44, although it will be appreciated that the techniques will also apply to the actuator acting on an
appropriate bladder.

In this example, the stimulation system 14 is coupled to the pipette 15, as shown in more detail in
Figure 3. As shown, the stimulation system includes a radiation source 60, such as a UV burner

with suitable filters, a laser, or the like, coupled to an optical fibre 61.

The optical fibre is coupled to the pipette nozzle 40, using appropriate fixing means, such as a

rubber tube (not shown). The optical fibre is also coupled to detectors 62, such as photo-diode



system using the image interface, which is typically a frame grabber or the like. Images may then be
used by the processing system to control the drive system 12 and the stimulation system 13.
Additionally or alternatively, images may be displayed to a user using the 1/0 device 22. The pipette is
positioned adjacent the stage 16 as shown, to allow the nozzle to be inserted into the well 71. The
pipette is coupled to the drive system 12, to allow th?zgipette to moved with respec,]l0 Mk 7(/98ﬁ, as
shown by the arrows 75, 76, 77. Accordingly, the drive system 12 typically includes a
micromanipulator. system.hawvin ee independently controlled axis.with resolution tolerances and
repeataniit A SR e e S SR S OeE o
20. An exarP@fevof the method of operation of the apparatus of Figure 4 to recover selected cells will
now be described in detail with reference to Figures 5A, 5B and 5C. In particular, the process involves
obtaining a group of cells at step 200, with at least some of the cells havin redetermin%d operties
that are of Pdiest o hETISAP o1 tHE A EPaRSe R D o YHea 1BE PIRRES d IEBERSTH R G5  Sscent
markers, suchdthiatueeokiosll having the -13 10 March 2005 predetermined properties becomes

labelled with a respective marker, whilst cells having different properties do not. As a result of this,
only cells having the predetermined properties are labelled the fluorescent markers. At step 220 the

labelled cell@ S/ biacsbsHeHis st RRHANS IS AT as I tsRoseitbrRartsa s i8HaseA- AAgSPE™ 1t will be
appreciateditetgfore thaitdbeaaelemeayhérsiapaizenabaltedesitmithientebitiess. Wiilst thie icelid are

held in SUS'%%QB;%QJ%Q‘?h?ﬁi%cﬁ.&?&o%%#g%1‘?JI %@é&%ﬁ%@oﬁ%& r(%}gbe placed above the aperture

as required. In"any event, the processing syst e camera 30 to obtain an image of
the cells within the selection well 71, at step 230, using the image to determine the position of the

cells at stem2491Ehiggs ashiavapihybavisgdhedpaging systetvaRigenaaie s seauenss ®bdmages
of the insid(ﬁgf ttge selectifn well.71. The image iﬂt%fafce then selects an ac}ggc{o&ﬂat? one o{ the
a

images an ransters this' sé)tﬁeecebvr%caeges?g?/ 78, the progégg%‘?l\gﬁ‘(g\ml then an yse Sthenirlrllageho
determine shlsqvositisH of theossipscthopaeticaiithe thertprocesioo ey Wit aypically tisebtdyendersstion

software 10 ,fgleGlcAgaSIR (BRIBAGRreRressnking iie-edaesof theuselndp e SalutigfeAtitap 250

the processing system 101activates the drive system 12 causing the pipette 15 to be positiorllled in the
selection iR E P IS BT AT AN EBAt 4Rt a B AR BCJR BT TRy £l Hip directions shown by the

arrows 73, 74.

This allows a representation of the contents of a selected well can be captured by the processing
system using the image interface, which is typically a frame grabber or the like. Images may then
be used by the processing system to control the drive system 12 and the stimulation system 13.

Additionally or alternatively, images may be displayed to a user using the I/O device 22.

The pipette is positioned adjacent the stage 16 as shown, to allow the nozzle to be inserted into the
well 71. The pipette is coupled to the drive system 12, to allow the pipette to moved with respect
to the well, as shown by the arrows 75, 76, 77. Accordingly, the drive system 12 typically includes
a micromanipulator system having three independently controlled axis with resolution tolerances
and repeatabilities of <5um. This system is controlled by dedicated software executed by the

processor 20.

An example of the method of operation of the apparatus of Figure 4 to recover selected cells will

now be described in detail with reference to Figures 5A, 5B and 5C.

In particular, the process involves obtaining a group of cells at step 200, with at least some of the

cells having predetermined properties that are of interest to the user of the apparatus.

At step 210 the user labels the cells with fluorescent markers, such that each cell having the



particular, the pipette 15 is positioned such that radiation emitted from the fibre optic cable 61
impinges on the selected cell. At step 260, the processing system 10 activates the laser 60, causing
radiation to be emitted from the fibre optic cable 61. In particular, the laser is activated such that the
radiation from the laser impinges on the selected cell. It will be appreciated that if the cell has the
predetermined properties, the marker bound to the ?II will fluoresce under the infldeVisibt (e
radiation. An example of this is shown, for example in Figure 6A, in which a selected cell 80, amongst

other cells 81,15 fuorgscing, AL e 240, 15 8rog Sas}”ggé%s&ee%a ses e delgetors to (@?{‘e‘%gtta”y
fluorescent marekers,nﬁy examining for fluorescence Iin th Image. IF o Hiliorescence 1§ detected at
step 280, tHepPiissiAgieeited titatcAdtrabikier tias prble hasipn fedpraddicHamed prercitiescull Bbeledot have
the predetepings-R@PeHIRSsAccordingly, the processing system moves the position of the pipette 15
and hence the position of the fibre optic cable 61, such that different cells are positioned adjacent the
end of the fibre optic -14 10 March 2005 cable. The processing system then repeats step 260 to 280,
so that diffetenteped drelahghoded toaradimtiom thhislertceseib Tepeatetiamtirafidrescsbowmarker is

detected, allquing the RiPcesse RYSIeRe R iomselrct s albinat isrsiRbR IRE SaRV R nAksieP 300
the processmg\system 10 determines the position of the selected cell. At step 310 the processing

system 10 pBsitiofs fRESHoF HiddnjaeRrtig Selbersredin tHis’s almevedioyaiestgn ReiBaeR to
monitor theppasitistvof tieapartdhasdhiecdrive system 12 is activated, as will be appreciated by those
skilled in the art. At step 320 the processing system 10 activates the actuator 48, as described above,
to draw fluid into the port 41. At this stage, the drawing in of the fluid should cause the cell to be
drawn into fHeyisutts. bz Precsssing Stepn330, thee Prickssingsysteie operats isagewtimeststhe cell
has enteredyitha fezaR40q WiB couldhe achievrd fas exampleibyhavwingethesgrmerandQdmage the

inside of the pi e npozzle 40. Alternatively, the processin stem 10 may be a ted to track the
e e B e et g SR O e AR R TR
allows the predesdify ssiesteon elrdtk Foventennefise belisdetsdatepmimeaihers afrdspeetve cell

has been remEN&A#RMhis to the processor 20. The processor 20 will then analyse the image to determine
the position of the cells. In particular, the processor 20 will typically use edge detection software to

detect edges in the image representing the edge of the cells in the solution.

At step 250 the processing system 10 activates the drive system 12 causing the pipette 15 to be
positioned in the selection well 71, with the port 41 adjacent to and above a selected cell. In
particular, the pipette 15 is positioned such that radiation emitted from the fibre optic cable 61

impinges on the selected cell.

At step 260, the processing system 10 activates the laser 60, causing radiation to be emitted from
the fibre optic cable 61. In particular, the laser is activated such that the radiation from the laser
impinges on the selected cell. It will be appreciated that if the cell has the predetermined
properties, the marker bound to the cell will fluoresce under the influence of the radiation. An
example of this is shown, for example in Figure 6A, in which a selected cell 80, amongst other cells

81, is fluorescing.

At step 270, the processing system uses the detectors to detect any fluorescent markers, by
examining for fluorescence in the image. If no fluorescence is detected at step 280, then this
indicates that no marker has been exposed, and hence that the cell does not have the predetermined

properties.

Accordingly, the processing system moves the position of the pipette 15 and hence the position of

the fibre optic cable 61, such that different cells are positioned adjacent the end of the fibre optic



the selection well 71 and hence is contained within the pipette nozzle 40. If it is determined that the
cell is not in the nozzle at step 340, the processing system 10 returns to step 310 to reposition the
pipette port adjacent the selected cell. The processing system 10 then repeats steps 310 to 340 until it
is determined that the cell is in the nozzle 40. At step 350 the processing system determines if any
other cells are also contained within the nozzle 40. This may occur for example if WY eeshs2dfa
positioned adjacent each other in the selection well 71. In particular, when the fluid is drawn into the

pipette noz%laffgdefo,ltgls can cause multi le cells.to_be W tsoqéjaq%ittl%eer e%g)rctéﬂg \é\%l éae aggrtemated

in thr
that this may be desirable it af tsr\{gegél sell}]rﬁ?gartlsosztg ez(%ave%ég’pre etermined propertl)é%o,sln which

case the prédédging system can simply move onto step 380. However, if cells that don't have the
predetermined properties are recovered, this could contaminate the group of cells that are eventually
recovered. ﬁ’S 10 March 2005 cci)r%ilnglbg if the processor deﬁ@erﬁnines tQat more.than one, ell is
included in & BISEHE ST Qe 38Y A HrEee iRy syt SOt SRAME T8 RSTEU8 BREBAhE cells at
step 370. Thibgarcdkthachisvedbyorepaatedly operating the pipette to cause the pipette to repeatedly
draw in and expel fluid via the pipette aperture 41. Agitation of the fluid medium and repeated
movement of the cells through the piPette aperture 41 will usual&allow a cell to be separated from

€ 1S
surrounding*t&if8. A BesRESErMS Féns%e@f?fﬂuﬂfgd% BRI e Hy ard ayRathicthe
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Similarly, as the selected cell and unwante 80, 81, are entrained in the ow, this will tend to
cause the éBNSBUcd oK kibtd Bhmay-are expelled away from the pipette aperture 41.
Accordingly, repeated activation of the pipette allows the cells 80, 81, to be separated, allowing the

selected marked cell.tg be collected alone. At step 380 the processing syst 10 re-positigns the
e Lo B R O e S e TP R o e
390. It will betamhsreaiatéd Atchis i thde tisyvproviddshe Systehedlsh caute thatichty redmvearimep dedls

having pfeg%@f@ﬂ&ﬁ% RIPPETURS IB0PAILiIGHIaKsIhE SRRATBPmRRANME RFAVIde it eals dndha

selection well 71 and then left to operate to automatically remove cells 80 having the desired
properties, 1 M&4&&8very well 72, as shown in Figure 6B.

This could be achieved for example by having the camera 30 image the inside of the pipette nozzle
40. Alternatively, the processing system 10 may be adapted to track the cells in the selection well
71, by comparing subsequent images captured by the camera 30. This allows the processing
system to track movement of the cells and determine when a respective cell has been removed from

the selection well 71 and hence is contained within the pipette nozzle 40.

If it is determined that the cell is not in the nozzle at step 340, the processing system 10 returns to
step 310 to reposition the pipette port adjacent the selected cell. The processing system 10 then
repeats steps 310 to 340 until it is determined that the cell is in the nozzle 40.

At step 350 the processing system determines if any other cells are also contained within the nozzle
40. This may occur for example if two cells are positioned adjacent each other in the selection well
71. In particular, when the fluid is drawn into the pipette nozzle 40, this can cause multiple cells to

be drawn in through the port.

It will be appreciated that this may be desirable if all the cells in the nozzle have the predetermined
properties, in which case the processing system can simply move onto step 380. However, if cells
that don’t have the predetermined properties are recovered, this could contaminate the group of

cells that are eventually recovered.



By repeating this procedure, this allows a large number of cells 80 having predetermined properties to
be recovered to the recovery well 72. During this procedure, the processing system 10 can be
adapted to distribute the recovered cells 80 in a predetermined pattern throughout the recovery well,
as shown for example in Figure 6C, or Figure 6D. Alternatively, individual cells may be pasitioned in
different recovery wells, as will be appreciated by p(fésions skilled in the art. An ex W?éca [
shown in Figure 8, in which the cells 80 are distributéd into a well plate 84, including a number of

recovery wells 8 d |n a r|d dlée fashlgnntThls za]ows the eIIs 810(}e o,be Jﬁosmoged in the

arrang
recovery we s %gmg %er in y, or with mu tlmle ce 83? rcglcol\slé?f/ Weﬂ As SHOWN. I éteﬁeral, the

recovery wéﬁwemmeﬁél@ggwr@m M’eﬂlﬂrﬁtmhé@m@géeg@mwﬁ e thdlset star8dO cellhiHeweieer, the
recovery W%UH’@aéﬁiB§tﬁ%éai9&l|y@§e?a!9@&h§qﬂp%&@ti9 f&dﬁ@éhﬁeq%b&@/ﬂﬁﬁlé@at@&y l@a&ﬂt%ﬁf&@x%@p5
shown for e Ie at 84 1in FI%UFE 6E. Micro-in fk gg ? a}overea cell directl mtott t(tacult e, as
shown in F.@k‘f? égé %B}Ii’?ﬁ?tﬁpelﬁﬁfa elll?éé%tvo ‘Qp clisr Je e f%ﬁ’l‘l‘?g B‘Poc?é“sél ig ngtc ﬁs are
recovered dhrarglirttipvichedtbasigud: hlsz&a]lmllyelllb\ha\nﬂgtvéﬂ}smmtedrﬁeneswm@oﬁ@@tbd. As cells

are collected on an individual basis, this prevents the opportunity of contamination of a sample cell in
the recovery well by cells not having the req%uwed properties. Furthermore, this allows a larger number

of cells to beEXHVRIEH bistisrabarealy FRatbrhich thaws fsvarehorEio A TFREase & his hddsible.
Stimulationis|teasié el afhpﬁematgrj)éhatalbenay riat be\nebessandohyse dparkar sstitihelioells wiving the

predeterming 4258{31?1[14@]'?3&%%% é&@géﬂ d‘%‘ %o “ﬁ%EnC%'é geﬁli‘eea%?gﬁz) L Using 30Mmy

techniques. Accordi if the ce Is av erent pr pertlest wou w direct sti %atlon of the
cells to distfistaren ¢ §é%'éi\m"r§tfﬁéf‘r]ét§91r%b pieeitatieinadhsr8periiey: tHegdlbigyeriez adirinclude

optical and eRosTERE R apRriiess dewavekpifliaddiigniadtiis paiher api@redies, such as dimensional
properties may also be used to distinguish the cells. In this instance, the stimulation will involve using

laser measurements to allow the dimensions of the cells to be determined. Pipette
Accordingly, repeated activation of the pipette allows the cells 80, 81, to be separated, allowing the

selected marked cell to be collected alone.

At step 380 the processing system 10 re-positions the pipette in a recovery well 72 and activates the

pipette to expel the cell into the recovery well 72 at step 390.

It will be appreciated from this that this provides a system for automatically recovering cells having
predetermined properties. In particular, the apparatus can be provided with cells in the selection
well 71 and then left to operate to automatically remove cells 80 having the desired properties, to

the recovery well 72, as shown in Figure 6B.

By repeating this procedure, this allows a large number of cells 80 having predetermined properties
to be recovered to the recovery well 72. During this procedure, the processing system 10 can be
adapted to distribute the recovered cells 80 in a predetermined pattern throughout the recovery

well, as shown for example in Figure 6C, or Figure 6D.

Alternatively, individual cells may be positioned in different recovery wells, as will be appreciated
by persons skilled in the art. An example of this is shown in Figure 8, in which the cells 80 are
distributed into a well plate 84, including a number of recovery wells 85 arranged in a grid like
fashion. This allows the cells 80 to be positioned in the recovery wells 85, either individually, or

with multiple cells per recovery well, as shown.

In general, the recovery well will include a growth medium to encourage growth of the recovered

cell. However, the recovery well may instead include a localised section of the culture/tissue, as



It will be appreciated as well that the pipette can be used to provide additional functionality. Thus, for
example, the pipette could be used to remove fluid from a well and replace it with fresh / different
media. A further variation is for the processing system to collect a number of cells 80 having the
predetermined properties from the selection well 71, with the cells being stored in the nozzle 40, as
shown for example in Figure 9. The cells can then be placed into one or more recc}\%}‘&f‘%ﬁ 2,
individually as required. A number of other pipette modifications are also shown in our copending

patent application. entitled "Cell Fusion” and persons scbillegmin the art WLIJF reciate that these
rociicationt iy e e oA vt S o I O R S0Py B e R pipette
system mayudeahiakegwatetaetndtethes adecdbieesor 8 shown in Figure 2. This may include a

piezo-electric actuator, shown for example in Figure 10. As shown, the actuator is formed from a
housing 90 defining a chamber that is divided into two portions 91A, 91B b iezo-glectric element
9. 25 Shovh TR TSR B1 TG CRIdD B) A-port o8 T AT 5 tnd SIS Shown in
Figure 2. Incaie hthmghambeicOdistiadqportcdBscied the didixibte ¢oberdd cand thdivided|eadB, tue filled
with fluid, Vﬁi‘@zéﬁ‘@ &Q%@H&%ﬁi@fb?@@ﬁ%ﬁ@@ﬂimm Q@aﬂ%%@ﬁ'ﬁ%@%@l}d% @v&PBE%ElROnm%QJﬁ% -

| n

electric element 92, via leads 94, causes the element to maove, with the direction of moveme
depending 8If tFEPETAmiPRT T agpidaresrfertisrAlie™h tis¥efithRRpipbtte! St 2% psidhitd in a
fluid filled wellpwatisiitg the piezo-electric element 92 to move in the direction of the arrow 95 will
increase the volume of the chamber 91B, thereby causing fluid to be drawn through the port 41.
Similarly, causing the piezo-electric element 92 to move in the direction of arrow 96 will decrease the
volume of tN@drteBer 91B, thereby causing fluid to be expelled through the port 41. Accordingly, the

pipette can henastdaiechiniawinmeraexpeidypesdimeugh the port 41 depending on the polarity of the
current applied to the leads 94. Accordingly, in use, the leads 94 are coupled to the processing

system 10, to allow a suitable signal to activate the pipette as required. Similarly, the pipette may be
adapted to ftnelaticate an electrode, for use in apply an electric field to the cell, as used for example

in cell dielegtropheyisis(fRERaARS Gelhiisipn techiiguesy Ah wxample:of thisshawninigure 11.
predetermined properties can be distinguished from other cells in the group using some other
techniques. Accordingly, if the cells have different properties, this would allow direct stimulation

of the cells to distinguish those having the required predetermined properties.

These properties may include optical and magnetic properties. However, in addition to this, other
properties, such as dimensional properties may also be used to distinguish the cells. In this
instance, the stimulation will involve using laser measurements to allow the dimensions of the cells

to be determined.

Pipette
It will be appreciated as well that the pipette can be used to provide additional functionality. Thus,

for example, the pipette could be used to remove fluid from a well and replace it with fresh /

different media.

A further variation is for the processing system to collect a number of cells 80 having the
predetermined properties from the selection well 71, with the cells being stored in the nozzle 40, as
shown for example in Figure 9. The cells can then be placed into one or more recovery wells 72,

individually as required.

A number of other pipette modifications are also shown in our copending patent application
entitled "Cell Fusion" and persons skilled in the art will appreciate that these modifications may be

incorporated with each other.



As shown, an electrode 100 formed from a cylindrical tube 101 is coupled to the nozzle 40 of the
pipette 40, such that the port 41 is contained in the tube 101. In use, the pipette may be used
substantially as described with respect to the pipette of Figure 2. Additionally however, the electrode
100 can be coupled to a field generator 102, which is also coupled to a second electrode 103, as
shown by the leads 104. In use, the electrodes 100, ]703 cooperate to allow electrid %"’fﬂ%ﬂ%’%
applied to one or more cells 105, positioned thereb'eltw'een. It will be appreciated that the electrode
103 may be formed from an electrode coupled to another pipette. -18 10 March 2005 Magnetic
Labelling As mentioned above techniques exist for labelling cells that allows them to be magnetically
sorted. In thisieimpersmaif meriicbads areyustdaasisamke recterideitifyccedisasiinte st mhis is

achieved by;apsuringithatceksbayingdasiac prapestiessanthe-fuspr ta the.keads and thereby

extracted from a 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
appropriateAeskptor te teergarfacribidditontehbeaus 97 hefeul recisutiten fikie redithdod ghoattwbe,

placed in an extenal megnelic figld geatainingdhedsands oh shalkhaads 919%9@6@&&@%%@9&% the
labelled cells, whilst aliowmgﬁthe unlabelled cells to be washed through and discarded. Once the

external magrgtieeriay bl hisVedr tePistina e 5i#tHeh be washed through the tube and isolated

as desired. It will be appreciated that this may be achieved on a smaller scale using a pipette modified

to_incorporgfg, an tﬁlze%%ﬁ]%%t; A0 SXPIPIG, ohA ?l%%%kl’éyufﬂé’qiﬂe%doiﬁee%%'iboﬂé)ﬁlféﬁ%{ﬁ? Id with

reference to Figure 12. In this example, thé pipette shown generally at 110 includes a graphite layer
111 positioh#largtinthetreapipssttd nderme filod A aibarbiebiser MpliRgst 1HT dretDidvidEdcaround a
graphite coeg-taif@ieman SECiioRagnel, kause thetapaerwinevags mraicodplecbd & biovaawer supply
shown gen ralrly at114 so }Qrit%[?teﬁb\;]v'nd'ﬂgfcﬁﬁt as a solenoid to generate a magnetic field

represente %’37 gﬁ%gﬁéllgﬁ?i ed eélpc?opper Wel?]dings may be provided in a number of layers

depending on the implementation, and may be embedded in a layer of epoxy in order to prevent
electrolysisf{Qm RCGLITingh e, Harhite: lAYpikbhacts Anaparrmagnetia,sHpsirRNse Nerasing the
strength of the ma%netlc field within the o

element 92 to move in the direction of the arrow 95 will increase the volume of the chamber 91B,

thereby causing fluid to be drawn through the port 41. Similarly, causing the piezo-electric element

92 to move in the direction of arrow 96 will decrease the volume of the chamber 91B, thereby

causing fluid to be expelled through the port 41.

Accordingly, the pipette can be activated to draw in or expel fluid through the port 41 depending on
the polarity of the current applied to the leads 94. Accordingly, in use, the leads 94 are coupled to

the processing system 10, to allow a suitable signal to activate the pipette as required.

Similarly, the pipette may be adapted to incorporate an electrode, for use in apply an electric field
to the cell, as used for example in cell dielectropherisis (DEP). And cell fusion techniques. An

example of this shown in Figure 11.

As shown, an electrode 100 formed from a cylindrical tube 101 is coupled to the nozzle 40 of the
pipette 40, such that the port 41 is contained in the tube 101. In use, the pipette may be used
substantially as described with respect to the pipette of Figure 2.

Additionally however, the electrode 100 can be coupled to a field generator 102, which is also
coupled to a second electrode 103, as shown by the leads 104. In use, the electrodes 100, 103
cooperate to allow electric fields to be applied to one or more cells 105, positioned therebetween.
It will be appreciated that the electrode 103 may be formed from an electrode coupled to another

pipette.



pipette. The ends of the wire are connected to a variable DC power supply and a resistor (R). Passing
a current through the wire (taking account of Lenz's Law) will induce a magnetic field, the strength of
which is proportional to the applied DC Voltage (V), as given by the equation: B = nul = nuV R where:
n = the number of turns per unit length -19 u = the permeability of free space. 10 March 2005 In use,
the pipette is positioned near a number of cells which may suspended in a fluid méHiM‘?f‘glrnggting 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 magnetic field and can therefore be drawn into the
pipette in ti¥agaetalabalinZhis allows cells coupled to the magnetic markers, and hence cells having
certain propgrtiesdene sajectednltydlll Reapprasiated i isywihiriahsy deasiyofreseators (a
higher number of m%%rlletic ﬁarkerg%ihould hdave a Igr er fgrcefexel{;e on the ﬁhan cells with less
receptors fof 1S SR miTHeRE H SHERYTRT FHEPEIE R W TR DE oA E T InCPLAS A S i ger
number of dellsnstringdhibecdiahayimgaltheerhagpeticsiedd dnflseh te tihisdieldndrédieby eamaaltdw for a
further sortipg,criter@,drQdgr to ensure no wanted cells have been collected, it is possible to flush
out the pipette by expelling fluid from the nozzle. In this case, any cells not bound magnetic markers
will be expelled from the pipette together with the fluid, whilst the cells bound to markers will be held in
place by thehactiarbehthievabfypnetinfiddchyl nothiscahscmibernlihe salbcisd Calisarario thenexipelied, the

magnetic fi s iyated. allow . fells { ). he inthe
omal e e e L L Al e i

for a cuttind’tebiothbeepstovitisacbandhviean §lieresktiig s (oK adas il sirsnH apasacicaitiéred to
the well surfagaiielrsisatiasdoshnraeasedatexampladd asuisbiedcesiin)gtant igishavnie Figure

L3 As shoyn, i, FU0g, RO\ RSLGe.R SRR RRSL 23,8 A 0Iare AL kel Y, onntec
the bound cells can then be washed through the tube and isolated as desired.

It will be appreciated that this may be achieved on a smaller scale using a pipette modified to

incorporate an electromagnet.

An example of a suitably modified pipette will now be described with reference to Figure 12. In
this example, the pipette shown generally at 110 includes a graphite layer 111 positioned around
the pipette nozzle 112. A number of coper windings 113 are provided around a graphite core to
form an electromagnet. In use the copper windings are coupled to a DC power supply shown
generally at 114, so that the windings act as a solenoid to generate a magnetic field represented by

the field lines 115.

The copper windings may be provided in a number of layers depending on the implementation, and
may be embedded in a layer of epoxy in order to prevent electrolysis from occurring. The graphite
layer 111 acts as a paramagnetic substance increasing the strength of the magnetic field within the

pipette.

The ends of the wire are connected to a variable DC power supply and a resistor (R). Passing a
current through the wire (taking account of Lenz’s Law) will induce a magnetic field, the strength
of which is proportional to the applied DC Voltage (V), as given by the equation:

B=nul = nul

where: n = the number of turns per unit length



by a hinge 122 or other appropriate connection. In use, the post is coupled to a micro manipulator (not
shown), to allow the post to be positioned within the respective well. The post can be rotated as
shown by the arrow 123, allowing the blade to be positioned above a cell to be cut. If the cell is a free
cell 124, the cell will generally be held in place using a pipette, or other suitable manipulator, as
shown at 125. Once positioned, the post is lowered such that the tip of the blade 'Bile¥afitHie soft
plastic of the -20 10 March 2005 bottom of the plastic plate. Further lowering of the post will cause the

blade to pivot around the hinge 122 ﬁ‘)ri‘lgt' 'rggine' through object, such as the cell, placed in its path.

h i
Motion is stopped when ]flh_et dde'has cﬁ%ﬁ#oua%a%ﬁe object of interest and is completely parallel with
bottom of plate. It will be appreciated that the functionality of the different examples described above

may be combinehinamOne of @huimiar Of BHARGERANS: ThisAlRMsfacexamplr salisha be

selected automatically in accaordance with magnetic ar radiation sensitive. markers. The cells can then
be. arrangel 18 FOIGH WIS A0 fiSagH bl e KI<Ate Bing LRbMRSCRI e, E8 AR B0 &oned in
a recovery wellovataeuad SDperakidreyVhildt ththopaxbtiotliofédréabove described apparatus is being
described in an automatic process, it will be appreciated that the apparatus may be controlled
manually. In order to achieve this, the processing system 10 is adapted to respond to input command

provided by th&us8F, TRB! proddesiAtishatemroteadaptedctd st e 1y thdGt uBfithie tBeperform
any one or mayieid: fidldtivate dhehtaskr: 'beleetmarkatlecasticamtexaonindtiosy of Thiagissysredanted on

the 1/O devigg, 424 (ROFQLINEROSIQ0ING, AL INE RIRGHS: AN ACHYAUINAINCRIDS IS, recover one or
more cells. in igs itr(%stanceé, t%é:ﬁ%%agees’ %%tﬁeé inside oé tﬁlg serltelcti%r?%we% 71 canee{)e eﬁ?splayed to the
user on a suitable display, or the like. The user can then control the apparatus using suitable input

commands ifevallew ppheiadaideirstediand reseyatadaso desepied@boyrr usinging displayed
mages to determing (c,cel posiians, Cloning, The gbove desgibed apparatus an mgthed are
particularly usetul'ih the Tield of cloning, whic
magnetic field strength. Therefore as the DC voltage is increased, a larger number of cells should
be drawn into the magnetic fields influence. This field gradient can allow for a further sorting

criteria.

In order to ensure no wanted cells have been collected, it is possible to flush out the pipette by
expelling fluid from the nozzle. In this case, any cells not bound magnetic markers will be expelled
from the pipette together with the fluid, whilst the cells bound to markers will be held in place by
the action of the magnetic field. In this case, when the selected cells are to be expelled, the
magnetic field can be deactivated, allowing the cells and attached markers to be expelled in the

normal way.

Cutting

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 surface
or electrodes to be released. An example of a suitable cutting tool is shown in Figure 13. As
shown, the cutting tool includes a support post 120 having a blade 121 pivotally mounted thereto

by a hinge 122 or other appropriate connection.

In use, the post is coupled to a micro manipulator (not shown), to allow the post to be positioned
within the respective well. The post can be rotated as shown by the arrow 123, allowing the blade
to be positioned above a cell to be cut. If the cell is a free cell 124, the cell will generally be held in

place using a pipette, or other suitable manipulator, as shown at 125.

Once positioned, the post is lowered such that the tip of the blade 'bites' into the soft plastic of the



refers to the isolation of a single cell into a vessel, plate, well etc. containing suitable growth media. In
particular, the apparatus could be used as follows: 1.Single cell cloning based on visual identification
by an operator. Using input commands and manual operation to isolate and recover single cells from
within a culture, targeting cells by using the pipette system mounted on an inverted microscope.
2.Single cell cloning based on image analysis carrieg out by a computer. Using a &Qr%‘rrﬁhrﬁgﬁ]ted on
an inverted microscope, live images can be captured and analysed by software, allowing the

apparatus tp target.cells based on pre-set criteria s as shape, size and texture. -21 10 March 2005
S Gingle ool bl Ba o S e R e S B oying

a fluorescehirdye Zdajdgareltpte g, cbicehtachagitihedylbrdatrs imsteriile dYlanearssttoppre dye

could also hgnsihaenprgrtass dhamyg:rauldobratenuaiec RYEithamaldiypage wWith sstablefilters or
a laser. Detection could be by either image capture or photodiode, either signal being interpreted by

computer sBitivare and the pipette targeted to the cell of interest. 4.Multiple cell cloning. As above but
with any number of cells as pre-set by the user. In this instance, cells could be cloned from the

following sqpregsyd-Npradhgraent ells.coniaingd i RndiFRSING: Qe RRUGBA nBoseRdRrs.
biological cell culture vessel. 2.As above but for adherent cells whereby a small dose (micro-injection)

of suitable EAPYHE! 1HBIIRF 1t StunkY YotraNSE I HinftEr R uSify SARME SRkt b5 rtidhe
release of cellesmniuaiitha suctadamaf theh regsekiAbliernhiiual sestidtiomalse Minht@rovidetsufbeient

force in some, A%g ;?H %%Sgnrw%f’)\é% dttﬂl?s ez%f,j > ﬁqﬂ%%%ﬁg%%e §eﬁ% %8%%&;0%};2&1%%@%& gl éldgl%cg'{eﬂlzﬁgg

immersed in su e media, whereby a sma micro-injection uitable enzyme cou
administeretrefsiyRpYa#lllti-pipette to effect the release of cells from the tissue sample. Accordingly,
the system described above allows individual cells to be easily selected. As the cells are selected
using the p'&gﬁttg zil%stg%/t\zlgnin Figure 3, this makes individual cell selection easier than in the prior art.
This therefore %ezlps Picieate the speed and ease with which individual cells can be selected,
recovered ahbilgsdd wxabweolibneprvedensripsd rppataition boitgidewrebeppaamtutrasts wicoesist
generally leggioQmplicaisdd tharehy HelRiag 'eHHEE controlled manually. In order to achieve this, the

processing system 10 is adapted to respond to input command provided by the user. The

processing system 10 is adapted to respond to input commands to perform any one or more of:

eActivate the laser;

eSelect marked cells from examination of images presented on the 1/0 device 22;

oControl the positioning of the pipette; and,

e Activating the pipette to recover one or more cells.

In this instance, the images of the inside of the selection well 71 can be displayed to the user on a
suitable display, or the like. The user can then control the apparatus using suitable input commands
to allow cells to be detected and recovered as described above, using the displayed images to

determine the cell positions.

Cloning

The above described apparatus and method are particularly useful in the field of cloning, which

refers to the isolation of a single cell into a vessel, plate, well etc. containing suitable growth media.

In particular, the apparatus could be used as follows:

1.Single cell cloning based on visual identification by an operator. Using input commands and
manual operation to isolate and recover single cells from within a culture, targeting cells by
using the pipette system mounted on an inverted microscope.

2.Single cell cloning based on image analysis carried out by a computer. Using a camera mounted
on an inverted microscope, live images can be captured and analysed by software, allowing the

apparatus to target cells based on pre-set criteria such as shape, size and texture.



the cost, as well as easing use of the apparatus to perform cell recovery. As a result, recovery using
the system described above can generally be achieved more rapidly and cheaper than in the prior art.
Accordingly, it will be appreciated that the apparatus is ideal for use in the following applications:
1.Rare Cell Recovery: Whereby there is a large number of cells are in culture and a small sub-
population need to be recovered. 2.Diagnostics: Cel [ecovery from tissue obtained 49 A¥Bdle
biopsy, along with the ability to clone single cell cultures of these cells and monitor subsequent growth

and other charaglerigfics 3ueh,as surage, @s%éﬁ%e%r%s.s.io@si%z s March 2909, %&iﬁ@%%‘ed in
the art will apprgua%e that numerous variations andaqulflca ions wi %ecome apparent. All such
variations and pgdeiERie EvEHet bdoera) egntes éh e thggeds srssrsiill entivrdyeorapthashvoler e of

considered to fall-withinrthesspichandigcepadaalibadavanion bwadivappaaring hefaredessribed.
Accordingly, wEiIe the above dbgscéi%ion has focusig on cell selfgc jon, it will be.a greciated that the
S

techniques may §&herally BEAApIdHFT hd dBIE; vdLisrdioBathe Sl EUES, TSESTRE alt other
such vesicles. elislard: defives @ms] beingotidiprited ty asnipeiagscéiisufrem! Verebrttdar@aekliginie all
mammalian spggies)ntanertebrate, plant, fungus and bacterial organisms, including all cells of
eukaryotic and prokaryotic arigin. Furthermore, the techniques may be advantageously used in

conjunction R EEHITARGESs NSRRGSR T BOBERRARY SHHIRSRIGHE SHHRES A Method of Cell

Therapy" and "Cell Fusion". In particular, in this latter case, the automated selection and retrieval of

cells advanp;t 1§’H1%Xn%g9¥¥ﬁs §j)|agl% gﬁl&ﬁgg@&ﬁ%g%ﬂgg%@gg&gg high rate, allowing a large number
of high quality fusates to be obtained. -23 10 March 2005" THE CLAIMS: 1) Aggaratus for recovering

selected pattRtfesisisn slnetangsaiced refagsdedpRmabs Havday bieeteymsied sttperties,

the apparatus wghading: a) A stimulation system; b) A detection system,;
2.As above but for adherent cells whereby a small dose (micro-injection) of suitable enzyme,
typically a protease, could be administered using a multi-pipette to effect the release of cells
from the surface of the vessel. Alternatively, suction alone might provide sufficient force in
some instances to remove the adherent cells.
3.As above but for cells in a slice of tissue immersed in suitable media, whereby a small dose
(micro-injection) of suitable enzyme could be administered using a multi-pipette to effect the

release of cells from the tissue sample.

Accordingly, the system described above allows individual cells to be easily selected. As the cells
are selected using the pipette as shown in Figure 3, this makes individual cell selection easier than
in the prior art. This therefore helps increase the speed and ease with which individual cells can be

selected, recovered and used is subsequent procedures.

In addition to this, the apparatus as a whole is generally less complicated, thereby helping reduce
the cost, as well as easing use of the apparatus to perform cell recovery. As a result, recovery using
the system described above can generally be achieved more rapidly and cheaper than in the prior

art.

Accordingly, it will be appreciated that the apparatus is ideal for use in the following applications:

1.Rare Cell Recovery: Whereby there is a large number of cells are in culture and a small sub-
population need to be recovered.

2.Diagnostics: Cell recovery from tissue obtained from a needle biopsy, along with the ability to
clone single cell cultures of these cells and monitor subsequent growth and other characteristics

such as surface marker expression.



c) A retriever including; i) A pipette; ii) A drive system, coupled to the pipette; iii) An actuator adapted
to actuate the pipette to thereby expel or draw particles through a port; and, d) A control system,
coupled to the stimulation and detection systems and a pipette, the control system being adapted to: i)
Attempt to stimulate one or more of the particles using the stimulation system; ii) Detect at least one
stimulated particle using detection system, the stimylated particle having the predlaq 05
properties; iii) Operate the drive system to position port adjacent the stimulated particle; and, iv)

Recover the parlicle fy ORefatng the actuator o thereh &%‘@é’%éﬁ&?ﬁ&}c'e@ﬁ}géi&SF’J\Rﬁ%%e(?&e .
Apparatus accor(img o claim 1, the drive system being a micromanipulator. 3 pparatus according to
claim 1 or clamit theldsdctisinggaien veodiiarmptethich kocpetemnintiie proxinopkaicthe shenulated
particle; andstbinbransteraidReigasianiof e RRS iR ehthe stimiiatad to thesontalisysisatithe
control system being.adapted to operate the drive system in accordance with the indicated stimulated
particle posl?ﬁ e ?Sﬁﬂ)%g?atus according to any one of the claims 1 to 3, the stimulation system being
coupled to the pipette, thereby allowing the stimulation system to stimulate particles near the port. 5)

Apparatus agceerging,(adainh4 - HieCQRU RSN heRd afapied o), @RATALe MFdivesysiem until
a number of particles are detected by the detection system; b) Attempt to stimulate the particles; and,

C | mp
c) Repeat StpSEHHE TBY $6araH by trliedda iR partre d4Hs e (eted ) MssanstudUecording
to any one oftiliescthimssitite. 5,dbids pattidigmdibuindtinenqréaeated nned bpiigpettieSiloaing:aehipled to

respeciive 'Z’i‘l?cﬁ'ﬁﬁfég[ e ﬂgg%)%¥§igljin?ng J{égrﬁgaélﬁ%ﬂ Eﬁngﬁgg&{!ﬁﬁ%&gﬁaﬁ’%‘} IGIRSRY iﬁ%ﬂéﬂl@ting the

markers. 7) Apparatus according t 6, the markers being fluorescent markers, an
stimulation 28yesiérafipeiatiei andenielsrese GFtE¥or stimulating the fluorescent markers. 8) Apparatus
according to claim 7, the radiation source being a laser. -24

Furthermore, the techniques may be advantageously used in conjunction with the techniques

described in the copending applications entitled “A Method of Cell Therapy” and “Cell Fusion”.

In particular, in this latter case, the automated selection and retrieval of cells advantageously allows
single cell fusion to be performed at a high rate, allowing a large number of high quality fusates to

be obtained.



10 March 2005 9) Apparatus according to claim 6, the markers being magnetic markers, the
stimulation system being formed from a magnetic field generator adapted to generate a magnetic
field. 10) Apparatus according to claim 9, the magnetic field being adapted to attract stimulated
particles towards the retriever for recovery. 11) Apparatus according to claim 10, the stimulated
particles being drawn into the pipette under the actign of the magnetic field. 12) Ab‘bM‘ﬁﬁﬁ‘szg%ording
to any one of the claims 9 to 11, the detection systei being formed from the magnetic field generator,
the stimula@ﬁfﬁﬂgﬁageing determined by the attraction of the particles to the magnetic field. 13)
Apparatus according to any one of the claims 1 to 12, the detection system including: a) An imaging
system for dénépatirgimeigesurone seatest@ufighs Fanid sy ob patistocdbaisricaipdtenifoes
detecting stimulaiag padiclesiiR dhekrageshd PpARRArAsageording to claim 1 and claim 13, the
imaging system being co%)led to the drive system to thereby generate images of a region near the
port. 15) Appataa)ttué 388 lﬂ%%tﬁﬁ? one of the claims 1 to 14, the particles being cells. 16) Apparatus
for recovering elettédepartisiesfrom a number of particles, the selected particles having
predetermined propertics.the pRRAratus being substantially as hereinbefore described. 17) A method
of recovering selected particles from a number of particles, the selected particles having
predetermined prdberffé%‘,pf‘r’it@;method including: a) Attempt to stimulate one or more of the particles;
b) Detect at least dine atiriutaiet:pacticieciaving fitpetpredetermined properties; and, c¢) Recover a

stimulated particle si Letriev lever includi [ I or
dapted 1o actuatd the e o e b e & e e A FE Y
including: i) Operatingi®i& &#fle system to position port adjacent the stimulated particle; and, ii)

Recovering thejparticleday apatating thr @eiugtok e therabydrasdhppakieindiadthepipiaeltee18) A
method according t(())n%:l0 ign %’l? Bré% ma%th?e% itgpluding using a control system to operate the drive
system and the actuator. 3 hO(azipacco'rding to claim 17 or claim 18 the method including using a

r%\ me%
detection system to: A¥tDepeterinaulate positionoof ohsnmutiaeeparticlsimgation system;
i1) Detect at least one stimulated particle using detection system, the stimulated particle
having the predetermined properties;
iii) Operate the drive system to position port adjacent the stimulated particle; and,
iv) Recover the particle by operating the actuator to thereby draw the particle into the
pipette.

2) Apparatus according to claim 1, the drive system being a micromanipulator.

3) Apparatus according to claim 1 or claim 2, the detection system being adapted to:

a) Determine the position of the stimulated particle; and,

b) Transfer an indication of the position of the stimulated to the control system, the control
system being adapted to operate the drive system in accordance with the indicated
stimulated particle position.

4) Apparatus according to any one of the claims 1 to 3, the stimulation system being coupled to
the pipette, thereby allowing the stimulation system to stimulate particles near the port.

5) Apparatus according to claim 4, the control system being adapted to:

a) Operate the drive system until a number of particles are detected by the detection system;

b) Attempt to stimulate the particles; and,

c) Repeat steps (a) and (b) until one or more stimulated particles are detected.

6) Apparatus according to any one of the claims 1 to 5, the particles having the predetermined
properties being coupled to respective markers, the stimulation system being adapted to
stimulate the particles by stimulating the markers.

7) Apparatus according to claim 6, the markers being fluorescent markers, and the stimulation
system including a radiation source for stimulating the fluorescent markers.

8) Apparatus according to claim 7, the radiation source being a laser.



b) Operate the drive system in accordance with the indicated stimulated particle position. 20) A
method according to claim 19 the method including: a) Using an imaging system for generating images
of one or more of the particles; and, b) Using a processing system for detecting stimulated particles in
the images. 21) A method according to claim 19, the method including causing the control system to:
-25 10 March 2005 a) Operate the drive system unti%%number of particles are deté%ﬁé‘afﬂ%%{. imaging
system; b) Attempt to stimulate the particles; and, c) Repeat steps (a) and (b) until one or more

stimulated particles are detected. 22). A method gccording to any. one of the claims 17 to 21, the
method e i o T e R S e T e arcers:
and, b) Stimulhging ferephfterespigaeiiadieldegntiatonadietes. to By katetHpeRacicolidifg to claim 22, the

markers being fpprescentmaneseandshamethed. inaweing simwatingthe: Tarkersysingia

radiation source. 24) A method according to claim 22, the markers being magnetic markers, the
method includiﬁ(’@”aé S&ﬁﬁ&“ée‘rlﬁ& nETCTield to the particles to thereby stimulate the particles. 25) A
method accondivpdocladns@dinthie aragniétithfieidnobird paiagteddoadaot stiibitatpdtpanisietietowards
the retriever for, reGOVERY: 28)Ad0gthpd according to claim 25, the stimulated particles being drawn
into the pipette under the action of the magnetic field. 27) A method according to any one of the

claims 24 td D6 MRS AR5 THRFUIAIAY q8tethity im0 dheris peitR s Y ety b d draction

of the particlestiewaigstibéi¢kltienmest? 3ihA smeathac gaehriding o alyeonecdfih erclatmsibd 66 B, the

particles being %?H&&?&ﬁé%@é &gc%%ﬁprding to any one of the claims 17 to 28, the method being
performed by gpparatus according to any one of the claims 1 to 16. 30) A method for recovering

selected palfitidRPHBHS A550rABE L OMaieRShedrsaidd i phridstes iR pragetirtained properties,
the method being substantiabysemierginbeiaieifasesbrmte It P ItRSpingRystam for controlling

apparatus_for r coxerrlnC%Ssselegtgt(éi3 Ig%tlgle sctfré)rrsltﬁln Gfé%@&’eérﬁ’ﬁ égé}ﬂt{ﬁLe% atgees‘select_ed particles having
predetermined ropgrﬂes, e 5pparafus mc’lu%hng a stimulation system; a detection system and a

retriever, th&dpragesgingpeystbng beilradagnedaon B, Ateeimpging stisianateizneowplpddrets digparticles
using the stimwalian S8y generate images of a region near the port.
15) Apparatus according to any one of the claims 1 to 14, the particles being cells.
16) Apparatus for recovering selected particles from a number of particles, the selected particles
having predetermined properties, the apparatus being substantially as hereinbefore described.
17) A method of recovering selected particles from a number of particles, the selected particles
having predetermined properties, the method including:
a) Attempt to stimulate one or more of the particles;
b) Detect at least one stimulated particle having the predetermined properties; and,
¢) Recover a stimulated particle using a retriever the retriever including
a pipette, a drive system, and actuator adapted to actuate the pipette to thereby expel or draw in
particles through a port, the method including:
1) Operating the drive system to position port adjacent the stimulated particle; and,
ii) Recovering the particle by operating the actuator to thereby draw the particle into the
pipette.
18) A method according to claim 17, the method including using a control system to operate the
drive system and the actuator.
19) A method according to claim 17 or claim 18 the method including using a detection system to:
a) Determine the position of the stimulated particle; and,
b) Operate the drive system in accordance with the indicated stimulated particle position.
20) A method according to claim 19 the method including:
a) Using an imaging system for generating images of one or more of the particles; and,
b) Using a processing system for detecting stimulated particles in the images.

21) A method according to claim 19, the method including causing the control system to:



b) Detect at least one stimulated particle using detection system, the stimulated particle having the
predetermined properties; and, ¢) Recover a stimulated particle using the retriever, the retriever
including a pipette, a drive system, coupled to the pipette and an actuator adapted to actuate the
pipette to thereby expel or draw particles through a port, by: i) Operating the drive system to a position
port adjacent the stimulated particle; and, ii) Recovering the particles by operating 1 Maeh 2882 1o
thereby draw the particle into the pipette. 32) A processing system according to claim 31, the

processing system.bei dapted tg perform the, method.of an e ft?e laims.17 to 29. -26 10
Niaren 2005 330 AT e e e e A R P G being
adapted to opé&ratétiggméo sopteteiistepitisfearfindne of the claims 1 to 16. 34) A processing system

for C_olntrorllling @ppﬁ@téassf@psr@ag%armﬁﬁi%ﬁm H@Eﬂﬁlﬁﬁu_fl%fﬂ gfaﬁiéwﬁ)&E RiQatdicles, the seollecteo!
particles ha predetermined properties, the apparatus including a stimulation system, a detection
Cyetem a0 PELSH R REATI S5 It oA Lt T GBI B fore described. 35) A
computer progranCorpting tlappatiaksshiomedevecitrts selected patitsies dspentiawankes; ehdparticles, the

selected particigs BayingREeHEiRHNIRe QRIS (HRG-aRRAratus including a stimulation system, a
detection system and a retriever, the computer program groduct including computer executable code

which wherf-execitdbesy eIl (ot Emy s yRIEIt 25L8s ThYeiHUt dBakg sy e d5E f8rm the

method of any ﬁﬁhhﬁn(glaﬁmﬁlaxﬁlga@gna@r@mﬁ@pm:té‘raﬁmgbameproduct qpparatus for rgcovering .
selected paﬁﬂﬂ&gﬂ‘}gﬂ%%&%}% QT PRLISH: ! %&%ﬁ?%%‘?%p@%;ﬁné?é%n%%}ﬂ%,RB%‘%S% fines prgperties,

the apparatus including a" stimdlation g%léstem, a detection Sy a rettiever, the computér
program produtiéngdimycesinpiste fee patiplrs todershristwhienteetieks by a suitable processing

system causesAhe-tF@eesstigesyien ta apehigmstbstanbally ashedeiheforetniasedbektdics A

pipette system for manipulating particles, the pipette system including: a) A pipette for containing fluid
in use, the pipet?tvevza?r%cszlglgi%eg a pf)r}; ! Bﬁcﬂvn Jetuator coupled to the pipette, the actuator being adapted to

draw in and?6r &xpahéd ikfcondoggh thaenpdrtthe stimulated particles being drawn into the pipette under the

action of the magnetic field.

27) A method according to any one of the claims 24 to 26, the method including detecting
stimulation of the particles by detecting the attraction of the particles towards the retriever.

28) A method according to any one of the claims 17 to 27, the particles being cells.

29) A method according to any one of the claims 17 to 28, the method being performed by
apparatus according to any one of the claims 1 to 16.

30) A method for recovering selected particles from a number of particles, the selected particles
having predetermined properties, the method being substantially as hereinbefore described.

31) A processing system for controlling apparatus for recovering selected particles from a number
of particles, the selected particles having predetermined properties, the apparatus including a
stimulation system, a detection system and a retriever, the processing system being adapted to:
a) Attempt to stimulate one or more of the particles using the stimulation system;

b) Detect at least one stimulated particle using detection system, the stimulated particle
having the predetermined properties; and,

c) Recover a stimulated particle using the retriever, the retriever including a pipette, a drive
system, coupled to the pipette and an actuator adapted to actuate the pipette to thereby
expel or draw particles through a port, by:

i)  Operating the drive system to a position port adjacent the stimulated particle; and,
ii) Recovering the particles by operating the actuator to thereby draw the particle into the
pipette.

32) A processing system according to claim 31, the processing system being adapted to perform the

method of any one of the claims 17 to 29.



c) A radiation source; and, d) A waveguide having a first end coupled to the radiation source and a
second end coupled to the pipette adjacent the port to thereby allow radiation from the radiation
source to impinge on particles positioned adjacent to the port in use. 38) A pipette system according
to claim 37, the pipette system including a detector, the detector being adapted to detect radiation
emitted by the particle. 39) A pipette system accordigﬁ to claim 38, the detector be]i%/léff&?ﬁ%sto the

first end of the waveguide, to thereby detect radiation emitted from the particle. 40) A pipette system

according t one of the claims 37.to 39, the radiation source being a laser. 41) A pipette system
ecording 16 A B Bt B e e T e e BT e
system accorditi§reicanyhe sengptiestaai aigusrons af thihdawas/btful@e being formed from the pipette, the

pipette including grshansdpadionteallamithe.ppsiation R tbenpdintien paaiies fe:fatal R Pipette
and pass along at Iea?t a portion of the 'ipe te,.the ra(giation being emitted from the pi 1e(tg}.e through
the port 27 10 VA0S 195 A bBHE By MU RLCOTRITRT S ARG SHE of the RIS 5 15 58 e
pipette systemsmolding sysontrolledaddptedtegperfoxdn atieastaondhef: @yRstivatingtthe actuator to

thereby cause flyid iqihe dsawniinand/aEexpglled through the port; and, b) Activating the radiation
source, to thereby expose a patrticle to radiation. 44) A pipette system according to any one of the

claims 37 t0 W3 tHBIPE B eYRB AT AR A thilts EroeiradidefBamisle R hihatBsy<tem to be
with respect toadidiesfilled edrtainpirtz]dh éreing gitei paiiiclé ptopbeiposhtongainuer iremdvechfrom

fluid in the contging, 43) @lﬁ,eég?e&ﬁé%%@t%&oﬂjﬁagré%%l%mh‘é%om u g&%;%?ﬁ%%%ﬁ%%ﬂ%&ﬁ?&f%ed toa

controller, the controller being a apted to’recover particles having pre mined properties from the
container by: ajoBsigHRTT§ AR DR RevEidtarhes s trad the horttisladncerins sy perienssehh.ctivating
the radiation sguscadpdReieRbyiexpasetie pamikle tarpeiationaie) Deteed any radiation emitted by the
particle; d) Detgrine If ihe. particle has e pradetarmined pronefliesin aggerdance with e detected
particles, the selected particles having predetermined properties, the apparatus including a
stimulation system, a detection system and a retriever, the computer program product including
computer executable code which when executed by a suitable processing system causes the
processing system to operate substantially as hereinbefore described.
37) A pipette system for manipulating particles, the pipette system including:
a) A pipette for containing fluid in use, the pipette including a port;
b) An actuator coupled to the pipette, the actuator being adapted to draw in and/or expel fluid
through the port;
¢) A radiation source; and,
d) A waveguide having a first end coupled to the radiation source and a second end coupled to
the pipette adjacent the port to thereby allow radiation from the radiation source to impinge
on particles positioned adjacent to the port in use.
38) A pipette system according to claim 37, the pipette system including a detector, the detector
being adapted to detect radiation emitted by the particle.
39) A pipette system according to claim 38, the detector being coupled to the first end of the
waveguide, to thereby detect radiation emitted from the particle.
40) A pipette system according to any one of the claims 37 to 39, the radiation source being a laser.
41) A pipette system according to any one of the claims 37 to 40, the waveguide being a fibre optic
cable.
42) A pipette system according to any one of the claims 37 to 41, the waveguide being formed
from the pipette, the pipette including a shaped portion to allow the radiation from the radiation
source to enter the pipette and pass along at least a portion of the pipette, the radiation being

emitted from the pipette through the port.



radiation; and, e) In accordance with a successful comparison, activate the actuator to thereby draw
fluid into the pipette through the port, thereby recovering the particle. 46) A pipette system according
to claim 43 or claim 45, the controller being formed from a suitably programmed processing system.
47) A pipette system for manipulating particles, the pipette system including: a) A pipette for
containing fluid in use, the pipette including a port; b%,ﬁn actuator coupled to the pr@e% rcfh%—: Rtuator
being adapted to draw in and expel fluid through thé port, the actuator including: i) A fluid reservoir; ii)

A flexible tu I|n pettetotheﬂwd rese oir; P S|t|on dso astop tlaII
AR ERRE S

i
compress the fuder v ua% & sygtgrrlﬁ adaptgza1 0 move the arm so a

one of, (1) Fuﬁh@?%@ﬁ?ﬁ‘ﬁ@ﬁ@ﬁ‘gﬁﬁ@tﬂb@ kepthereply expel fluid from the port; and, (2) Decompressing
the tube to thergby gliauifluigldndhasab thadw9rtadsifiPipetieisision AscTdipalka oyt fhdhe

actuator drive system including: a) A first actuator drive for moving the arm with respect to the tube;
and, b) A second KL Ar drive formed from an arm end portion, the arm end portion being in contact
with the tube irbusa¢tivetiseconddetivatoudkye beinbyadapted paricde sertidetam end portion to expand

or contract. A8 10 March QDR A éﬂ!@%ﬁﬁ SSEMALEAHAIRG {0 Haim A hibgpiRette

system including a controller coupled to the actuator drive system, the controller being adapted to
operate the ac %chima%&?ém B e /RaH LSRR IR o WikparaRGsd tﬂq?&h%fiﬂédﬁaﬁa% R pipette
system accordiher¢byaitipwoperiflitheodapostdbido id 9y thapigetiensylaienn ihcludinga. drive system

adapted to move [N piR §¥§n§¥§5‘8¥5‘1 derC\ﬁ/li reshechioaduid,filled conipinetda Lgrshy. allow

particles to be pos |one In or remov om fluid in the container. 51) A pipette system according to
claim 50, the dfREéreljetebRibRiAtRpSAplRdeEOlTE EBFHirbHeRatHRS d&?@?@ﬂl’éﬁ%‘&n@%&tﬁ%@%"r&éver
particles from tha#luiel by: a) Positioning the pipette system such that the port is adjacent to a particle;
and, b) Activate, thg actuator drive S¥RMR MR luid Into 108 PGS through the port,
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,
e) Inaccordance with a successful comparison, activate the actuator to thereby draw fluid into
the pipette through the port, thereby recovering the particle.
46) A pipette system according to claim 43 or claim 45, the controller being formed from a suitably
programmed processing system.
47) A pipette system for manipulating particles, the pipette system including:
a) A pipette for containing fluid in use, the pipette including a port;
b) An actuator coupled to the pipette, the actuator being adapted to draw in and expel fluid
through the port, the actuator including:
i) A fluid reservoir;
ii) A flexible tube coupling the pipette to the fluid reservoir;
iii) An arm positioned so as to partially compress the tube;
iv) An actuator drive system adapted to move the arm so as to perform at least one of:
(1) Further compressing the tube to thereby expel fluid from the port; and,
(2) Decompressing the tube to thereby draw fluid in through the port.
48) A pipette system according to claim 47, the actuator drive system including:
a) A first actuator drive for moving the arm with respect to the tube; 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.



thereby recovering the particle. 52) A pipette system according to any one of the claims 47 to 51, the
tube being formed from silicon tubing. 53) A pipette system according to any one of the claims 47 to
52, the pipette system being a pipette system according to any of the claims for manipulating system
37 to 46. 54) A pipette system for manipulating particles, the pipette system being a pipette system
substantially as hereinbefore described with referen g to the accompanying drawir\%&%%‘) # pette
system for manipulating particles, the pipette systemincluding: a) A pipette for containing fluid in use,

the pipette incluyding a port; b) An actuator, coupled to the pipette, the actuator being adapted to draw
i andlor exp T R P T o nd A e B P S e TR O

magnetic field. ®8pladipdradyaitsfraecortigths emainelBs bivee mdigivtio fiderigehe ratertdedngformed
from a solenoig:sf) B BIRESERYS BN dcePedpRufRiE BN abhthsRipette including a nozzle, the

solenoid bejng .formed from a graphite IaXer and urqb.er oi{ ass&)ci ted windings arranged on the
nozzle. 58) b BIRSS, ST AEOA St 50 B RPSt K arort s rRsting HeabRF D Sitapted to
perform at leastroneoica)adgtivatingehe thepdte spsthivrebye cdatseshaid ttoadbrdréliad wetadiortexpelled
through the p%&@ﬁ%@@%@@% %&;&Mﬁ?&%&'% CRIRIedRthG splenoidniathereby expose the

i

particles to a magnetic field. 59) A pipette system according to any one of the claims 55 to 58, the
pipette systehhnBIRAIAGA"dHiveE SPStee SH4PEY tBroVe HrRePigsths Subdit o Be WHPELplEt to a
fluid filled containenlter teare byapiédwo pardiciesatadie positiongaddrbnr removed from fluid in the
container. 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 pipette through the port,
thereby recovering the particle.
52) A pipette system according to any one of the claims 47 to 51, the tube being formed from
silicon tubing.
53) A pipette system according to any one of the claims 47 to 52, the pipette system being a pipette
system according to any of the claims for manipulating system 37 to 46.
54) A pipette system for manipulating particles, the pipette system being a pipette system
substantially as hereinbefore described with reference to the accompanying drawings.
55) A pipette system for manipulating particles, the pipette system including:
a) A pipette for containing fluid in use, the pipette including a port;
b) An actuator coupled to the pipette, the actuator being adapted to draw in and/or expel fluid
through the port; and,
¢) A magnetic field generator for exposing particles to a magnetic field.
56) A pipette system according to claim 55, the magnetic field generator being formed from a
solenoid.
57) A pipette system according to claim 56, the pipette including a nozzle, the solenoid being
formed from a graphite layer and a number of associated windings arranged on the nozzle.
58) A pipette system according to claim 57, 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
port; and,
b) Activating a current supply coupled to the solenoid, to thereby expose the particles to a
magnetic field.
59) A pipette system according to any one of the claims 55 to 58, 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.
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