D 96/ 08283

PCT/ AU95/ 00604 "I NJECTI ON MEANS" THI'S INVENTION rel ates to an
injection device and in particular relates to a device in the rorn1of a
syringe whi cyo@h utilised for the injection of a 5 parenteral agent
into the bodgﬁ 06 The present invention conprises a deyEFHﬁH%ﬁP“Beyond
the device disclosed in I nt ernational- patent application PCT/ AU93/ 00175
and I nternational patent appl i cation PCT/ AU94/ 00618, the contents of

each of which are included herein 10 by reference. Each of those
di sclosures relate to inj eciﬁ@ﬁoﬁ’@%ﬁ%&‘ﬂ@bgg/ G&rony Utilised in the
I njection of a parenteral agent into the body ereby on
The present invention relates to methods for
separating particles based upon the migration of particles
S in response to an electric field.

By way of background, particles can be manipulated by
subjecting them to travelling electric fields. Such
travelling fields are produced by applying appropriate

10 voltages to microelectrode arrays of suitable design. The
microelectrodes may have the geometrical form of parallel
bars, which may be interrupted by spaces toc form channels
and may be fabricated using standard metal sputtering and
photolithographic techniques as described by Price, Burt

15 and Pethig, Biochemica et Biophysica, Vol.964, pp.221-230.
Travelling electric fields are generated by applying
voltages of suitable frequency and phases to the electrodes
as described in "Separation of small particles suspended in
ligquid by nonuniform travelling field ", by Masuda, Washizu

20 and Iwadare, IEEE Transactions on Industry Applications,
Vol.IA-23, pp.474-480. Masuda and his coworkers describe
how a series of parallel electrodes {(with no channels)
supporting a travelling electric field can, in principle,
be used to separate particles according to their electrical

25 charge and size (weight). Masuda et al have not however
described a practical demonstration of such a particle
separation method.

In a paper entitled "Travelling-wave dielectrophoresis
30 of microparticles" by Hagedorn, Fuhr, Miller and Gimsa
(Electrophoresis, Vol.13, pp.49-54) a method is shown for
moving dielectric particles, like living cells and
artificial objects of microscopic dimensions, over micro-
electrode structures and in channels bounded by the elect-
35 rodes. The travelling field was generated by applying



-conpl etion of the injection, the device is rendered unusable. It is a

characteristic of each of these devices, however, that during the

i njection of the parenteral agent the needle is noved rearwardly within
the body of the syringe, and as a 15 result of that novenent, the tip of

t he needl e V0 d to nove outwardly from ti ssue W tHOTYGRatvo2ads i t Ay
be |l ocated. While this arrangenent may he satisfactory in a large
nunber of applications, there are i nstd4Ges in which it is necessary to

deposit the parenteral agent deeply within the tissue and/or where
retraction of _the needle wthin the boq¥ﬁguring the injection process is 20
|

undesirabl e. voitage§ ©f §g%nsﬁﬁ? e@tenay; $0i aeeht ¢ rtxedsroviite an
i nj ecti on devBee pisxh shd fcapableemineighboleling & BadterRiksunusabl e on
conpletion of its use, but which is arranged such that the needl e can
remai n substantially generally stationery within the tissue 25 during the
injection step. I "Elegtzpkinekig hehaviieuznof orolksidéds pamtanlésjiect i on
devi ce cospristageldim ledectric PDslds NFthades hOINQ haRd ANMsR wypay War d
end, the forvwgith&nde 3 IR ¥na » pethig 7. Phys. D. Appl. Phys. 26

1993 1528-1535, an analysis supported by experiment is made

of the "travelling-wave dielectrophoresis" (TWD) effect

described by Hagedorn et al (paper cited above). The

10 phenomenological equation
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is developed by Huang et al, to show that the TWD velocity
is a function of the square of the particle radius (r), the

15 square of the electric field strength (A(0)), the periodic
length of the travelling field (A), medium viscosity (7)
and the imaginary part of the Clausius-Mossotti factor
f(ep*,em*) defining the dielectric properties of the
particle and the suspending medium in terms of their

20 respective complex permittivities ep* and e *. This
equation provides, for the first time, a practical guide
for the design of travelling wave electrode systems for the
manipulation and separation of particles.

25 Although the phenomenon in question is usually termed
"travelling wave dielectrophoresis", this is something of a
misnomer as the force which acts on the particles to
produce translational movement is not the dielectrophoresis
force but rather that which acts in electrorotation. This

30 force is related to the imaginary component of the
polarisability of the particle within its surrounding
medium. However, as is discussed in more detail below,
particle migration only occurs for travelling wave
frequencies which produce negative dielectrophoretic forces



‘receibing a holl ow needl e, the body providing a chanber between its forward
30 end and its rearward end, the chanber being defined between a plug and

a stop, the plug being sealingly and slidably received within the body
adj acent th orward end, the stop being slidably and sealln y
eceived w CHPE body WD 96/ 08283 s iogas)

PCT/ AU95/ 00604 -3- -2-

rearward of the plug wherein a greater degree of effort nust be applied to
t he stop than to the plug to effect slidable novenent within the body,

the rearward ggnﬁap léﬂae bQ%gEQ¥£P%t?:r@Q&E' @Br é'svg}lecr}etl @e?t 98 I's not

sealingly recelve E enen connecteé one end
to the plug né#BeFe%%dc%'FE‘?ﬂ%}I pE harﬁpkﬁﬁaﬁghtile%%l% PRRESG4R t he stop
menber to exteidhinofts heureAmiihg medium.) These forces are respon-

sible for lifting the particle away from the electrodes.

5 We accordingly prefer to refer to the phenomenon called
previously "travelling wave dielectrophoresis® by the name
vtravelling wave field migration" (TWFM). As disclosed in
W094/16821 we have established that to obtain TWFM, two
separate criteria have to be met. First, a frequency must

10 be selected at which the dielectrophoresis force acting on
the particles is negative, i.e. such as to repel the
particles from the electrodes. This, we have found
requires the real component of the dipole moment induced in
the particles to be negative.

15

Second, the frequency selected has to be such that the
imaginary component of the dipole moment induced in the
particles is non-zero (whether positive or negative) to
produce a force displacing the particles along the array of

20 electrodes.

In all of these previous proposals where particles are
separated on the basis of their TWFM behaviour, the
particles are caused to migrate at different rates and

25 those migrating faster are separated from those migrating
more slowly or not at all. The sample volumes which can be
handled are extremely small, being determined by the size
of the apparatus. There is no flow of sample material
through the separation apparatus.

30

DE 4127406 discloses the use of a travelling wave
electrode array of parallel electrodes to draw particles
along a path running transversely to the electrodes.
Simultaneously, a field applied is from side to side of the

35 electrode array to draw particles into one of two outlet
channels (Fig. 2). The separation of the particles is



end of the body, a manipul ati on neans provided on the other end of the
drive el ement, the hollow interior of said needle being connected--to

t he chamber t hrough a flexibl e passageway extendi ng between the inner
end of the needle and the plug, said needle being connected to the plug
or stop by ZO488%ni ng 10 neans, a neans between t he nREAIGBIZIMZHOdY
adapted to retain the needle at a fjrst position at which it extends
fromthe body and said neans being adapted to be able to rel ease the
needle to allow the needle to nove to a second position at which it is

accomodat ed w thin the body, the_novenent between the first and
second posit itg'?rﬁg?ﬁﬁ RI% é&%&%glfggrf%s’i‘iﬁﬂ%lﬁﬁa%‘fe Meld According to

a preferred fmigratéonfprdmedmiesnbuondifferidig tehavtoenturided legsi bl e. |t

is a preferr chag eLi iy dgi el n th ni pul ati on
means ca%%gt gegﬁ%edif%ﬂ%fg{?rtgﬁgss%%f%r ?ﬁg %F%Dg%%lv\%?d'g%fahe forward
end of the fiepgays ysrd MAKPY 50 BRORwem averessnpt i the pasttig¢deswhich is
slidably 20 thrppght €k i dpgdravugar ward end of the body or alternatively may -
take the form of aring or tab or like neans which can be grasped and

pulled to effect novenent of the plug.
In "Electrostatic Manipulation of Biological Objects"

(J. of Electrostatics 25 (1990) 109-123) Washiza describes
a cell separator having an inlet and two outlets between

10 which passes a flow of liquid containing cells. Each cell
is held by dielectrophoretic attraction by a 1 mH, field
and is investigated by means which is not described. Based
upon the result of the investigation the cell is released
by turning off the field and is either passed to a first

15 outlet by the flow or is deflected to the second outlet by
reapplication of the field to a second pair of electrodes,
This does not involve separating cells according to their
differing TWFM characterigtics.

20 In accordance with the present invention in contrast
to the teaching of W094/16821, a flow of particles through
the apparatus in a direction transverse to the direction of
TWFM induced separation between the particles is used to
enable larger volumes of sample to be processed.

25

Accordingly, in a first aspect, the present invention
provides a method of separation of particles comprising
passing a mixture of particles to be separated through a
separator having departure point (e.g. an inlet) for

30 particles to be separated and at least two designations,
{(opticnally taking the form of two outlets] for separated
particles, in which the particles are caused to move along
a path from said departure point to said destinations and
are subjected to a travelling wave field producing particle

35 movement transverse to said path so as to separate said



~According to a further preferred feature of the invention, the rearnost end
of the 25 body is configured such that novenent of the stop and plug into
t he rearward end is irreversible. According to a preferred
feature of the invention, the tensioning neans conprises a flexible
tube whi ch aWOPB6ks t he passageway. The tube nay be 30 PETEBYGE84,
suitable resiliently extendabl e materi alg.and/or a resiliently

ext endabl e el enent may be incorporated into or around the tube. According
to further form the tube may be fornmed of a rigid material such as

g%%?kugg;OSGOEartygagglgﬁﬁgihac differing particle populatigﬁfifeach
respective ones of said destinations.

The method may be operated with multiple separation
5 stages arranged in parallel or in series. Thus there is
provided a method as described above wherein said
separator comprises multiple separation stages operating in
parallel, each stage having a departure point for particles
to be separated and at least two destinations for separated
10 particles, in each of which stages the particles are caused
to move along a path from said departure point to said
destinations and are subjected to a travelling wave field
producing particle movement transverse to said path so as
to separate said particles such that differing particle
15 populations reach respective ones of said destinations.

. There is alsoc provided a method as described com-
prising passing a mixture of particles to be separated
through a said separator providing multiple separation

20 stages each stage having a departure point for particles to
be separated and at least two destinations for separated
particles, in each of which stages the particles are caused
to move along a path from said departure point to said
destinations and are subjected to a travelling wave field

25 producing particle movement transverse to said path so as
to separate said particles such that differing particle
populations reach respective ones of said destinations,
with particles of a selected population being fed from the
respective destination of each stage to the departure point

30 of the next stage.

Said particles are preferably microparticles. They
may be biomolecules such as oligonucleotides, other DNA or
RNA molecules, proteins, or peptides. They may be cells
35 such as bacteria, oocytes, mammalian cells or other animal
cells, plant cells, yeast cells or organisms such as



suitable plastics material which is also resilient and where the tube is
formed as a spring. The spring may be of the coiled formor may be of
a formwhich inits rel axed state has the shape of a spiral and which
when stretched has the shape of a cone. 5 According to a further
preferred fWAPHMB6%Hf the i nvention, the neans conprises aPCT/GBYIPBEL i onal
engagenent between the inner end of the_needle and the body wher eby
the nmeans will release the needle on tfhé tensioning neans providing a
predeterm ned force to the needle. The needl e can be supported froma boss
or 10 |Iike nmenber which is slidabky received by the internal wall of the
body. EAHIEF R PSR ur tHSY JPYePRatiie GO8ROBLBEST SHHRe dShvent i on

t he means maychromospowsr usdergdiaia medoshi skand ngageient neans whi ch can
positively engage the needl e or its support when in the first
position, where the neans can be 15 disengaged fromthe needle to permt
it to nove to the REcHATLHBLRE | Fh.a 53133t¢gep¢ﬁﬂk9ﬂipanmaYIbetmﬁqnmhsdfuIIy
under st 008l i ntd hehel idgparetiré hgofmd lafWicthe separator so that they will

pass again through the separation process.

The invention further provides apparatus for use in

separating particles comprising a departure point and at

10 least two destinations, means defining a path for particle
movement between said departure point and said destin-
ations, an array of electrodes spaced from one another and
each extending generally in the direction of said path, and
means for applying a travelling electrical field to said

15 electrode array to produce travelling wave field migration
of selected particles in said path in a direction trans-
verse to said path such that said selected particles are
preferentially directed to a respective one of said
destinations.

20

Such apparatus may comprise multiple stages, each

stage comprising a departure point and at least two destin-
ations, means defining a path for particle movement between
said departure point and said destinations, an array of

25 electrodes spaced from one another and each extending
generally in the direction of said path, and means for
applying a travelling electrical field to said electrode
array to produce travelling wave field migration of
selected particles in said path in a direction transverse

30 to said path such that said selected particles are prefer-
entially directed to a respective one of said destinations,
with said destination for the selected particles of each
stage or the or an other of said destinations of each stage
being connected to the departure point of the next said

35 stage.



-descrfption of one specific enbodi ment. The description is nade with

ref erence to the acconpanyi ng draw ngs of which; 20 Figure 1
is a schematic sectional elevation of the enbodi nent prior to

i nj ection; Figure 2 is a schematic sectional elevation of the
embodi nent atWqQ 1410863 conpl etion of injection; PCT/GBITN343ur e 3
is a sectional elevation of the enbodinment illustrating retraction

of the needle at an internedi ate position; and 30 Figure 4 is a
sectional elevation of the invention enbodinent illustrating t he

needle in the fully,elracte %%lghggtionally such apparatus may

comprise multiple stages arranged to operate in parallel,
each stage comprising a departure point and at least two
destinations, means defining a path for particle movement
5 between said departure point and said destinations in each

stage, an array of electrodes spaced from one another and
each extending generally in the direction of said path, and
means for applying a travelling electrical field to said
electrode array to produce travelling wave field migration

10 of selected particles in said path in a direction trans-
verse to said path such that said selected particles are
preferentially directed to a respective one of said destin-
ations of each stage.

15 The separation processes described herein may form
part of or serve as an assay procedure, for instance by
detecting the presence of certain particles by success in
separating them, optionally made quantitative by counting
the particles separated or otherwise assessing their

20 numbers.,

To assist in the separation one may treat a population
of said particles to form altered particles, which altered
particles have TWFM properties distinct from those cf the

25 original particles, and produce translational movement of
said altered particles by TWFM using conditions under which
the movement of the altered particles is different from
that which would be obtained using the original particles
under identical conditions, so as to assist in the desired

30 separation.

The particles may be of a size to be visible using a
light microscope (microscopic particles) or may be smaller
(sub-microscopic particles) and may be detected using

35 labels such as luminescent, fluorescent and electromagnetic
radiation absorbent labels.



- WD 96/ 08283

PCT/ AU95/ 00604 4- The
enbodi ment conprises an injection device of the formdisclosed in

PCT/ AU93/ 00175 and PCT/ AU94/ 00618 and whi ch conprises a syringe having
subst ant i al WO BA#Bdw cyl i ndrical body 11 having a forwar dPEHGBY24Md a
rear war d end 13. The rearward portjion 14 of the enbodi nent adjacent
the rear end 13 is 5 formed with an Thcreased di aneter. The body 11
supports a hol |l ow needl e 15 which is supported froma boss el enent 16
which is indingI&hreceived %2t in the bg%y 1 1. The body 1 1
provi des a chanber & RAFBRSi i FEG2PRENeetPed pPuECREMDert® 10 and a
stop nenber X&ighiingd paecieles sintdi Bkgred daxadlclngl yan eepiyw ad dalihi n t he

according to the nature of the particles. The treatment
may involve forming complexes between the particles and a
5 ligand. 1In some cases, the complex may involve a linking
moiety connecting the particle and the ligand. The complex
may further include a label connected to said ligand,
optionally via a second linking moiety. The complex may
involve numerous ligands bound to the particle.
10
The choice of linking moiety will obviously depend on
the nature of the particle and the ligand. For instance if
one wishes to capture a nucleic acid species (the ligand)
on a plastics micro-sphere (the particle), the linking
15 moiety will normally be chosen to be a nucleic acid or
nucleic acid analogue oligomer having a sequence comple-
mentary to that of the ligand or a part thereof.

The linking moiety may be bound first to the particle

20 and may then be a species having an affinity for the
ligand. Preferably, said affinity for the ligand is a
selective affinity such that the formation of the complex
between the particle and the ligand is selective and
provides at least a degree of identification of the ligand.

25 Preferably, said affinity is highly specific and
accordingly the said linking moiety bound to the particle
which provides the selective affinity for the ligand may be
an antibody or an antibody fragment having antibody
activity, an antigen, a nucleic acid probe or a nucleic

30 acid analogue probe having selective affinity for comple-
mentary nucleic acid sequences, or avidin or an avidin-like
molecule such as streptavidin.

Antibodies and antibody fragments having antibody
35 reactivity are particularly preferred. There are known
techniques suitable for coating antibodies on to the



" body 11. The slidable engagement of the stop nenber 18 and plug nenber 17
I's such that a greater degree of force is required to effect slidable

novenent of the stop nmenber 18 within the body than to effect slidable
novenent of the plu menber 17 within the body. 15 The plug member
17 is connecw&P‘ﬁﬁ“ drive elenent in the formof an el ongRCEFGBYT2AHdex bl e

element 19 that may take the formof a thiread or wire or the |ike, and
which is fixed at one end to the plug 177 The flexible elenent 19 is
slidably and sealingly received through the stop nenber 18 and is

rovided at itgs fer d.20.wth a ni pu ati.on neans 20 which can take
?he f or m of 21%ﬁﬁﬁ&ggsggh%ﬁﬁLl%xgsasuCHa?itéﬂﬁﬁt%EssWFGE?'Qﬁﬁ§ﬁ1Wh&CEI?E%bly
supported by tedlr kaewartb eiwsgoskibhedf it the artbodintdbatiysdoaged in .

PCT/ AU94/ 0061 icles Tdfe | har off §5¥§ L aw_nge 15 i s _connected to
t he chanber A%taﬁféﬁgﬁsaﬂg% Ilb%ig Pe f{sj € %l\ﬂ%ig Se%e%%‘sg bc“éjtr\fﬁén the boss
16 and the pl BFREFRITRHRAC1gens which) may joe presgnsgds on ernay dseanesn| i ent | y

ext ensi bl & cells or some other ligand.

Methods are also known for binding oligonucleic acid
probes to such micro-beads. Suitable technigues are by way
of example described in W093/01499. Where the linking

10 moiety is a nucleic acid probe or a nucleic acid analogue
probe, the resulting particle will of course be suitable
for recognising and binding complementary nucleic acid
sequences.

15 The ligand may be chosen to increase the visibility of
the particle or otherwise improve its detectability as well
as to alter its TWFM characteristics. For instance anti-
bodies bearing fluorophores or chromophores may be bound to
the particle so that the complex so formed can be distin-

20 guished from the starting particle by TWFM and detected by
fluorescence or colour.

Generally, the techniques which may be used in connec-
tion with such altered particles are described in detail in
25 W094/16821.

The methods according to the invention may be employed
in a wide variety of analytical applications including
separation and analysis of samples containing cells for

30 example, bacterial, mammalian, yeast, and insect cells or
virus particles, and, biological macromolecules. Current
methods of separating cells, for example flow cell cyto-
metry, require expensive instrumentation, skilled operators
and significant laboratory resources. The techniques also

35 have limitations when there are many different cell popu-
lations to be separated and when the cells of interest



.The boss 16 is frictionally engaged with the interior walls of the body 11

such that when the needle 15 is in its extended position, an increased
anount of force 30 is required to displace the boss 16 fromthat position,
and wher eby on being di spl aced fromthe position the boss 16 will nove
rel atively W@e/i986% t hin the body 11. The increased frOTIGBTONAB4
engagenent is effected by the provision of a WO 96/ 08283

PCT/ AU95/ 00604 -10- -5 -

protrusion 22 on the inner surface of the body 11 at its forward end which
IS engaged by the_boss 16 when the needle 15 is in its extended

posi tion. As k@presentiess fian,a £Rw pescents ofayhBetPEatt | divH |y engaged
with the Opemepgrat(hmnd&ﬁﬁla:halys:mt BE hodified ©idldgdital andMuQ%swhl ch will

enabl e the negdlBmbdeks e dutletdneli on: 0 A HULIELEN S| Unieu"g app! i ed

by the tensioning
techniques lnclude electrophore51s and chromatographic

5 separation using gel-filtration or affinity chromatography.
Although these, in some cases, provide adequate separation,
for many applications they can be time consuming and have
limited resolution. In addition, use of these methods can
affect the equilibrium between biological complexes. For

10 example, gel-filtration results in a significant dilution
of the sample. Generally, these methods are limited as
regards the sample volume they can cope with.

Methods described hereafter according to the present
15 invention allow some or all of these drawbacks to be
addressed.

Where in an analytical method according to the

invention a complex between the particle and a ligand is

20 produced, the ligand need not itself be the species to
establish the presence, nature or quantity of which is the
ultimate purpose of the analysis. Thus, the ligand may be
a reagent in the analysis and the species of interest in
the analysis may be another component of the complex, e.g.

25 the linking moiety or the particle itself. Where a
particle is altered by treatment with a reagent, it may be
the particle or the reagent which is essentially to be
studied.

30 The process of TWFM described previously has been
carried out using an array of linear, parallel electrodes
subjected to phased electric fields normally such that
every fourth electrode along the TWFM path is in phase.
This periodicity defines the effective wave length of the

35 travelling wave field produced. We have established that
this wave length is optimally about ten times the average



the boss 16 will need to be provided with a stabilising neans which wll
support the boss 16 to enable it to remain substantially central as it
noves rearwardly t hrough the body towards the rearward end. 10 The
boss 16 is not sealingly engaged with the internal wall of the body 11 in
order to perWPP8/ I8 cscape of air from between the boss 1PCHfEBY lug 17
as t he boss 16 noves towards the png_lS under the influence of the

t ensi oni ng nmeans. 15 The rearward portion of the body 11 is provided
with a barrier means 27 which prevents t he plug 17 being pulled from

t he body 11. . The, enbodi nent, t t he f efilled syringe in
whi ch the needitameter %%cﬂ% Egrfﬁ%lqat‘r %epﬁ‘gi"Fg ‘gﬁr Mﬁ FE ?Eor%x% enged
as shown at ftguee tlimes b2 dorehprefetablyaBenbell timpentsaiid avevagdat ed
within the chaghgécdy DelRakiecles witldid S9RMRSE Adughly Llgcaigp, TRIDEr

18. In utilisation of th rlng
is the leng:h 1n th 31rectlon transverse to TWFM movement

5 which is of significance.

The electrodes may be formed, depending on the dimen-
sions required, using any of the standard techniques for
patterning and manufacturing microscopic structures. For

10 example the electrodes can be produced by:

screen printing;

deposition of electrode material (eg by electroplating
15 or sputter deposition) followed by one of the
following patterning techniques:

direct writing using an electron beam
followed by etching (eg wet chemical

20 etching, dry plasma etching or focused
ion beam etching);

writing by exposure through a
photolithographically generated mask

25 followed by etching - the mask may be
generated for example by visible, ultra
violet, X-ray or electron beam lithography;

excimer laser ablation;
30
patterning followed by deposition of the electrode
material (as in the X-ray LIGA process).

35



15 is located in the tissue of the patient and by pulling on the

mani pul ati on means 20, the plug 17 is noved rearwardly within the body
11 towards the stop 18. Because of the differential frictional
engagenent between the plug nmenber 25 17 and the walls of the body 11 as
conpared wi POBAMSP i ctional engagenent of the stop PEWGBITARE4WI t h t he
wal |l s of the body 11, as the plug 17 szpnved towards the stop 18, the
| atter remains in position, causing thé chanmber Ato reduce in vol une.
As a result the parenteral agent is ejected fromthe chanber A t hrough

the flexible tube.,2l Jinto.t.he hoi}iol\)/\éz nfeedl e 1%6gnd,th§n into the tissue 30

in which the needl& rE¥entign,wi unffegs Aggogibed and illus-

PCT/ AU95/ 0068xated by the following description of apparatus Gnd As the
plug menber #érhsdslicg) aak% rbBerdh&xidl @reUhecedphsy SR ¥l W 8gheso®

which:

Figure 1 shows a first embodiment of apparatus
according to the invention:

Figure 2 is a schematic view of the electrical
10 connection of the apparatus of Figure 1;

Figure 3 shows a second embodiment according to the
invention in which multiple separation stages are arranged
in parallel;

15
Figure 4 shows in perspective view a third embodiment
according to the invention in which multiple separation
stages are arranged in series;
20 Figure 5 shows the flow scheme and electrode layout of

the apparatus of Figure 4 in plan view;

Figure 6 shows a fourth embodiment according to the
invention in which multiple separation stages are arranged
25 in series;

Figure 7 shows the flow scheme and electrode layout of
the apparatus of Figure 6 in plan view;

30 Figure 8 shows in schematic perspective view a modi-
fied form applicable to the apparatus of Figure 4 or Figure
6; and

Figure 9 shows in schematic plan view a further modi-
35 fied form applicable to the apparatus of Figure 4 or that
of Figure 6.



resiliently elongated and is tensioned. This tension increases as the plug
menber 17 noves towards the stop nenber 18. As the plug nenber 17
approaches the stop nmenber 18, the force applied to the boss el enent 16 by
5 the tensioned flexible tube 21 becones sufficient to overcone the
frictional WO9BAME™genent forces retaining the boss el enefFTVEE V¥4, 5

f orwar dnost position. Once the bossgsel enent 16 becones di sengaged from
its forwardnost position it S puIIed towards the plug 17 under the
i nfl uence of the tensioned flexible t ube 21 until it is closely

adj acent the stop &g sﬁ% %E&EIQH éf%&ﬂﬁ%eghgﬁhimébﬁlék:%%paf%EEQCted to

lie within the body as N omn at
novenent of tﬁ@cerégn§7t©oﬁk§(kﬂﬂ?ﬁéléﬂoﬁpmmﬁkﬁﬁ§ ﬁIB§n§7°f flegiblepeconme

en??ged Wit hhtsms%&a?gl@a Epritmrlatehg?ﬁatﬁamy st Eﬁnpmé_talidsoﬁhe]gt Eeag;
W cause t t.o to er_the en ed. rearwar rtion t he
body 11 at m?‘éﬂlﬁgstﬁﬁﬁefr}g’eﬁ%ﬁ QF P%%E‘&ﬁf— 38?%?%?‘3&%%%%%2‘633{ from

t he- well | s splacedecohdubeivel elastrpden 32 adtepdang, pamlielartigacdeporti on
14 may be aHoTRas! 9@@955% tAdkht B Pha!Gubbrrate ROSSiTHe dupe boss 16,

may al so be drawn earward {8 Q?e lLug 17 will
become seal i nditfate l8| %ﬁn P& ?h‘épgbrf‘#? g.pé[ ﬁghﬁ eq i’
cylindrical housing 14. An outlet tube 16 is provzded at
the outlet end of the apparatus communicating with the
10 central turns of the rolled substrate 10.

As shown in Figure 2, the electrodes of the apparatus
are wired such that every fourth electrode is connected in
common to one of four voltage buses (1, 2, 3, 4). A sinu-

1s soidal voltage is applied to each of these which is 90° out
of phase with respect to the next one and the previous one,
i.e. 0°, 90°, 180° and 270°.

A liguid containing particles to be separated may be
20 introduced at the end 18 of the housing 14 and can perco-
late through the spaces between turns of the roll of the
substrate 10 to emerge at the outlet end 20 of the housing
14. The application of a travelling wave electrical field
to the electrodes 12 in the manner described in W094/16821
25 via the connections shown in Figure 2 can be adjusted to
cause travelling wave field migration of selected particles
in the liquid across the array of electrodes 12 toward the
centre of the apparatus. Depending upon the particles
concerned, it may be possible to arrange for the travelling
30 wave field migration conditions to be chosen such that a
separate population of particles in the mixture migrates in
the opposite direction towards the outside of the appara-
tus. Alternatively, such a second population of different
particles may be unaffected by the travelling wave field.
35



20 -~ | f desired the rearward portion of the body may be fornmed of a

differing cross- section fromthe forwardnost portion or with a groove
or slot in order that the seal i ng engagenent of the stop with the
internal wall of the body is broken and that the chanber A ceases to
be a seal eWOSKAMSRr . 25 It shoul d be appreciated t hBET/GRE03484pe of t he
present invention not be |limted to _,,_ the particular scope of the

enbodi nent descri bed above. WO 9%?08283

PCT/ AU95/ 00604 7 - THE CLAI M5 defining the invention are

as follows: , )
By this means, chosen particles are caused to concen-

trate in the centre of the apparatus and to flow out
through the tube 16. The outflow from tube 16 may of
course be introduced as the inlet fluid for a subsequent

5 similar apparatus acting as a second stage and this process
may be repeated indefinitely to obtain adequately separated
particles. Of course, the particles concentrated to the
centre of the apparatus may either be those of interest or
may be those to be eliminated from the sample, leaving

10 those of interest behind in the main flow.

Optionally, the outflow from the outlet 20 of the
apparatus may be recycled to the inlet 18 to provide a
further opportunity for particles in the desired population

15 to migrate into the centre and to find their way into the
outlet tube 16.

The embodiment shown in Figure 3 comprises a bank of

linear separators each of which comprises a flat substrate

20 22 bearing an array of electrodes 24 extending parallel to
one another along the length of the substrate 22 so as to
form a ladder of electrodes across the width cf the subs-
trate 22 within each separator stage. A flow diverter 26
serves to separate a first outlet passage 28 from a second

25 outlet passage 30 such that the outlet passage 28 collects
liquid flowing down the left-hand side of the separator
stage and the outlet 30 collects liquid flowing down the
right-hand side.

30 If a liguid containing two populations of particles is
introduced at the top of the stage on the substrate 22 and
is flowed down the substrate over the electrcdes toward the
separator 26, a travelling electrical field may be applied
to the electrodes in the manner described previously to

35 cause one population of particles to be displaced across
the array of electrodes to the left and the other popu-



1. ‘An injection device conprising a hollow body having a forward end and

a rearward end, the forward end slidably receiving a holl ow needle, the
body provi ding a chanber between its forward end and its rearward end,

t he chanber 5 being defined between a plug and a stop, the plug being
seal i ngly arWO881086%| vy recei ved within the body adjacdiT/GBz/02484 war d
end, the stop being slidably and segkingly received within the body
rearward of the plug, wherein a greater degree of effort nust be
applied to the stop than to the plug to effect slidable novenent Wt hin

the body, the heqonace St Oh dseobREYa VA BOELL Ahd b, Wi ch the
stop is not sealinglyr cerved wthrn ody, a drive el et
connected at GRECEBRACED ThEHA FEIBRICS| RSy Penunakisurg .y Bacshied

t hr ough t fRagbpprhe sudFd khesughecieaundled eBdwill tHee di@d¥hed

mani pul ati on S vided on the other end, of e.drive elepent, the
hol | ow i nteri g"li%gf °R%i %8é1®éacﬁl % of B%_ﬁ.ﬁ ° %%ﬁé’@t égetﬁﬁﬁowcﬁmgﬁgﬁhrough a
flexibl e fass&fenaytbgt eiiiwig 11 bebenvieched witintbe etrenfpaphvdatéedl e and
the plug, sai¢naeedhex et NP gt a8 partidid RRcBLUhP e kR BY rat _
t ensi oni ng neans, . a_neans betmegg t he ngfdle and body. adag&gd to retain
the needl e at PRPRFREFORE RAFTISEeRNFE BRI L Y FBE PTEFH it ®hody and
sai d neans bepargvasdipn eof trunsgoall einblar|sagest hé thedtind dlduksew

trated enables large volumes of liquid to be handled. The

10 ocutflow from either of the two outlets 28 and 30 may be
forwarded to the inlet of similar apparatus for further

separation.

The apparatus shown in Figures 4 and 5 and the appara-

15 tus shown in Figures 6 and 7 are essentially similar and
may be described together. Each has a housing 40 defining
a rectangular {(in plan} cavity 42 into which there is an
inlet 44 at one end of cavity 42 and an outlet 46 at the
other end, such that the cavity forms a flow path between

20 the inlet and outlet. Spaced along this flow path are a
plurality of flow diverters 48 with each of which is
associated an outlet 50 in the side wall of the housing.
In the apparatus of Figure 4, the inlet and outlet 44, 46
are to one side of the housing 40 and all the flow

25 diverters 48 deflect flow to the opposite side, at which
are located all the outlets 50. In the apparatus of Figure
6, both the inlet 44 and the outlet 46 are on the centre
line of the housing and alternate ones of the flow
diverters are directed to opposite sides of the housing.

30

A ladder of electrodes 52 is provided each running the

length of the housing 40, all parallel and equispaced.
These are wired in the same way as described previously in
four sets as shown in Figure 5. More electrodes would

3s normally be present than are shown.



the needle to nove to a second position at which it is accommpdated within
the 20 body, the novenent between the first and second position being
effected by the t ensi oni ng neans. 2. An injection device as
clainmed at claiml1 wherein the drive elenent is flexible. 3.

A injecti oWQBABE a5 c|ained at claim2 wherein the maniRSNGENOMHSHeans 25
conprises a tab or ring. 4. Aglinjection device as clained at
claim2 wherein the mani pul ati on neans conprises a slider slidably
supported in the rearward portion of the body.

A liquid containing particles to be concentrated or
separated will be introduced via inlet 44 and will be
flowed through the apparatus by gravity or by the use of a
pump.

A travelling wave field applied to the electrodes may
be used to draw a first class of particles out of the main
flow and to one side. In Figure 6, two classes of
particles may be drawn aside, one in one direction and the

10 other in the opposite direction. These may be withdrawn
via the outlets 50, and as shown in Figures 5 and 7 may be
recycled back to the inlet. A third class of particles,
unaffected by the field may be collected in increased con-
centration or purity from the outlet 46.

The flow through the apparatus may be continuous or
may be intermittent, with pauses during which the particles
are provided with time to migrate sideways under the
influence of the field.

20

In Figure 8, there is shown an apparatus formed
(conceptually) by curving the apparatus of Figure 4 or of
Figure 6 into a closed circle out of the plane of the
housing 40. An inlet/outlet 44 may be used to introduce a

25 sample. By rolling the apparatus, gravity may be employed
to provide a flow of sample parallel to the electrodes.
Connection to the electrodes may be via a central rotating
contact. The sample may make numerous passes around the
apparatus before being withdrawn via the inlet/outlet 40

30 and the outlets 50 after particles within the sample have
been segregated by the application of a travelling field.

Similarly, the apparatus shown in Figure 9 may con-
ceptionally be formed by curving the apparatus of Figure 4
35 or of Figure 6 around into a circle, this time in the plane
of the housing 40. Once again the inlet 44 and the outlet



"W 96}08283

PCT/ AU95/ 00604 5. An injection device as clainmed at anyone of the
precedi ng cl ai n8 wherein the drive neans conprises a filanent.

6. An injection device as clainmed at anyone of the preceding clains

wher ei n WS hpst end of the body is configured sudSTIGRITOMB4 h
nmovenment of the plug 5 into the rearwajg. end portion, the stop is also
capabl e of nmovenent into the rearward portion. 7. An injection
device as clainmed at claim6 wherein the internal face of the body is

configured suchstihay BOVRFRAEEA! by e At nRR04RISIAR M A4t B ERAF Ward
portion is irreversible. ,
may be arranged on opposite faces of the apparatus. A
sample may be introduced and the apparatus may be tilted
and precessed (e.g. by the use of an orbital shaker) to
5 provide a gravity driven flow until the sample is withdrawn
via the inlet/outlet 44 and the outlets 50, possibly after

having made multiple circuits of the apparatus.

In each of the forms of the apparatus shown in Figures
10 4 to 9, the sample is subjected to multiple stages of
separation in a series cascade so as to present partially
purified material to the next stage each time and gradually
to achieve increased separation. The flow from the lateral
outlets 50 may be recycled to the inlet as shown in Figures
15 5 and 7 if desired.

Separate units of the kind shown in Figures 4 and 6
may be connected in series so allowing different electrical
conditions to be applied in each to remove cther particles

20 from the through flow.



10 8. An i nj ecl ' | ai med at anyone of the preceding clains
wherei n t he m\ﬁ‘mmm EME“@ frictional engagenent between the needl e
and the body eceby the sneedle will beconme di sengaged from said
frictional engagenent on t he tensioning neans providing a predeterm ned
force to t WOHeP e, 9. An injection device as cPET/EBITOMB4C| ai m 8
wherein the inner end of the 15 neth%_is supported fromthe body by a
support nenber which is frictionally engaged with the body. 10.
An injection device as clainmed at anyone of the preceding clains wherein

t he means conprises a |atch which can Eositively engage the needl e when in
the first position and whereby the | a n be di sengaged fromthe needle
to 20 permt the needle to nove to the second position under the influence

of the tEeNsi Nid@hBBABE - separation of particles comprising passing
a mixture of particles to be separated through a separator

5 having a departure point (18) for particles to be separated
and at least two destinations (16, 20) for separated par-
ticles, in which the particles are caused to move along a
path from said departure point to said destinations and are
subjected to a travelling wave field producing particle

10 movement transverse to said path so as to separate said
particles such that differing particle populations reach

respective ones of said destinations.

2. A method as claimed in Claim 1, wherein said separator
15 comprises multiple separation stages operating in parallel,
each stage having a departure point for particles to be
separated and at least two destinations (28, 30) for
separated particles, in each of which stages the particles
are caused to move along a path from said departure to said
20 destina-tions and are subjected to a travelling wave field
producing particle movement transverse to said path so as
to separate said particles such that differing particle
populations reach respective ones of said destinations.

25 3. A method as claimed in Claim 1, comprising passing a
mixture of particles to be separated through a said
separator providing multiple separation stages each stage
having a departure point (44) for particles to be separated
and at least two destinations (46, 50) for separated

3Q particles, in each of which stages the particles are caused
to move along a path from said departure point to said
destinations and are subjected to a travelling wave field
producing particle movement transverse to said path so as
to separate said particles such that differing particle

35 populations reach respective ones of said destinationms,
with particles of a selected population being fed from the



11. An I njection device as clained at anyone of the preceding clains
wher ei n t he tenS|on|n flexible tube which also forns
10 dagenny” " o0 SRR AUHAY o 08

9 - 12.  An |nject|on device as elarmed at claim 11l mher%up t he tube
is formed oWOPBI0869 o5j|jent|y extendabl e material. nj ection
device as clained at claim 1l or 12 whereein the flexible tube conpri ses

a tubul ar nenber having a resiliently ext endi bl e menber i ncorporated 5
into or around the walls of the tube.

respective destination of each stage to the departure point
cf the next stage.

4, A method as claimed in any preceding, wherein said
5 particles are microparticles.

5. A method as claimed in any preceding claim, wherein
the particles of a selected population are recycled to the
or a departure point of the separator.

10
6. Apparatus for use in separating particles comprising a
departure point (18) and at least two destinations (16,
20}, means (22) defining a path for particle movement
between said departure point and said destinations, an

15 array of electrodes {(24) spaced from one another and each
extending generally in the direction of said path, and
means for applying a travelling electrical field to said
electrode array to produce travelling wave field migration
of selected particles in said path in a direction trans-

20 verse to said path such that said selected particles are
preferentially directed to a respective one of said destin-

ations.

7. Apparatus as claimed in Claim 6, comprising multiple

25 stages, each stage comprising a departure point and at
least two destinations, means defining a path for particle
movement between said departure point and said destina-
tions, an array of electrodes spaced from one another and
each extending generally in the direction of said path, and

30 means for applying a travelling electrical field to said
electrode array to produce travelling wave field migration
of selected particles in said path in a direction trans-
verse to said path such that said selected particles are
preferentially directed to a respective one of said des-

35 tinations, with said destination for the selected particles
of each stage or the or an other of said destinations of



14. ' An injection device as clained at claim 11 wherein the tube is forned

of a rigid material which is resilient and which has the formof a
coiled or spiral spri ng. 15. An injection device as
substantially herein described with reference to the 10 acconpanyi ng
dr awi ngs. WO 98/10869 PCT/GB97/02484

-20-

each stage being connected to the departure point of the
next said stage.

8. Apparatus as claimed in Claim 6, comprising multiple

5 stages arranged to operate in parallel, each stage com-
prising a departure point and at least two destinations,
means defining a path for particle movement between said
departure point and said destinations in each stage, an
array of electrodes spaced from one another and each

10 extending generally in the direction of said path, and
means for applying a travelling electrical field to said
electrode array to produce travelling wave field migration
of selected particles in said path in a direction trans-
verse to said path such that said selected particles are

15 preferentially directed to a respective one of said destin-
ations of each stage.
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