A DEVI CE, SYSTEM AND METHOD FOR WASHI NG AND | SOLATI NG MAGNETI C

PARTI CLES I N A CONTI NUOUS FLU D FLOW Description 5 [001] The present
I nvent i on wWelemwasssseo the field of magnetic separati on PEIEEAWT/0803th
specifically, to a device, systemand a nethod of washing and

i sol ati ng n#yREMICEpSNVSITENEAND MERTHGD FOR WASHINGIAND ISULATING | east
one fluidic Charl\ﬁggﬂéai}(b']ﬂ.aﬁﬂ Lrﬁseah’]%tgﬁﬂﬁ'lﬁﬂﬁlfg]?kaﬂ%?ﬂgﬁt at

anot her end. 10 n many DI 0- i cal “assay gnetrc nano
and/or mcro particles are used as a solid phase carrier for

bi 0- anal yzed.targets (al so known as anal ytes includi ng, but not
Iim'tedi%s,ﬂ'é%qﬁﬁg, DNA, RNA, nRNA and proteins, for exanple). In the

cour se50foeH3i Thebpesanlnvbh§et ras@ans thé iric ot tr%gﬁ@@é SeparBfibl &y S@rist S
anal yte attached thereto, is typically separated fromthe liquid.
phase i refthiseacifieallys ta 5 davics fyatenh angdna methogh st aashingy and siselating a
buf f er | e €nrnii I, 0Ra f: |

t he sol ?ﬁéglﬁ%;&gp?ﬁ@[egdgaﬁ%e%%ﬂhg&%gg@#ﬂé\g @rﬁ%%@% %uﬁ‘f"g}r@agigéu |Ion
into a rhaving amineist enecoitaidamguildiat anbindr phdse t o suspend t he
solid phase in the buffer solution. This is followed by a suction
step 20 that separates the solid phase fromthe |iquid phase. During

the suopfo0]dn raady dicbhabticd epsapenhagngic AHY endorwakhd Hareoled eref
the solid phase takes. place,, and |f needed, said steps are repeated
to carr M5t a%ﬂr%f% Plages Rairigi e Plogan yrsdetargetp | (lspdknadl peenalies a
sui t abl qngudingybutEt Eni@aRs NebISYONA, RO BN S8 tikd] SorSé:eRSpIe). In
carryi n% out a suspension of the solid phase, a separation (via

suct i on)thefoauige 28 gl ibip-phalytical rassryhethusalist phasat ineludimgditaranalyte
aspirati net i:G ak f al vt AL T _
usi ng rraégﬂr%gP ?%%S%?bﬁééstﬁggﬁlpﬁg@%@?ed? gﬁ@geﬂ?si[%}r‘gté@r}s@\/\&l “#ﬁ)v{ngq%nd
popul &f coptadioed nahdyedubsequenty Washaejincabuffersaftioaytcn easmple.

I mmunoassays, nucleic acid hybridization assays and 30 sanpl e
purification assays, for exanple. In these assays, it is comon to
use the [3hdlornveptionaicinethads obwesting thev dotidaphasg emdlude epettaged i C

FT1 i tyoora 2t 2 blErnSien Tnig el Yopsoks iAo Tiagald passe
particl aocoap&st Md dbiihase @ & biiffer bolution. This is followed by a suction step
20 that separates the solid phase from the liquid phase. During the suspension and
suction steps mentioned above, a washing cycle of the solid phase takes place,
and if needed, said steps are repeated to carry out a required ‘n' number of cycles
tilt the analyte is of a suitable purity. Each washing cycle usually includes the steps
of carrying out a suspension of the solid phase, a separation (via suction) of the
25 solid phase from the buffer solution and an aspiration.

[004] Magnetic separation of an analyte from a solution using magnetic particles
as the solid phase is another well known and popular method employed in many
biological assays such as immunoassays, nucleic acid hybridization assays and
30 sample purification assays, for example. In these assays, it is common to use the
magnetic particles in connection with a reagent. The magnetic particles are
typically coated with the reégent, which has a specific affinity for a targeted
analyte. Subsequently, once the magnetic particle coated with the reagent is
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I ntroduced into a solution containing the analyte, the reagent

coati ng orwOReNdsFdeti c particle fornms a conpl ex w th tHE/SGIRAGHH0316
anal yte thereby binding the target analyte to the magnetic particle.
Following this, the magnetic particles l(ﬂ;nd its attached anal yte) are
separ at ed iNteduease info| at sawtiars icaytaining rthanaralytendhe rresgentecoating on the

magnet. Th LG: ' S i Y. d fyrther

separ ai ed TRORARE Raficfe iy 8 cdhfiek it JHP e ot liE Shlere By bty e

{ra%/ lg; r entavgst a‘ne?m ltdnme‘ramgabgc paeictd. gﬂoﬂewfrtythisalthélgfag_mﬁb ysiriitles (and
5 e ex e ,of an autonate tic separation . device is

i el oseq ThatrHE ARl HBcsApalRtad o 418 Pl Gl WG e BomERTIET andior
means f o5 @edtfdinmadiwty ThaPhdpAed pARENAS bfe RIGSH It@i@cﬁlyf RAbSRUE darky férther

capture of magnetic particles during continuous Tlow The device also

i ncl udes aSaPak8df By apethasciedimoat agermatixelradhet iacggied t aralde mayabe

stat i onar Yt i tRPRENaid n'g%@gutemhheF SfallggR! ni ng sol utdon 1

t hen channe over a sec to renpve any nmagnetic particles
that may 15 not have been captured by the first magnet. [ 6] Anot her

exanpl e of et | rticle separation device is dissclosed.in .
Tt ernat | ofBeT 2T ekarP ot o BBeRASA meaneistharalion oRVigds dsised in
devi ce florUS gpésrts, 586,409 Ehis dgwue includes hotimaanehnl frid ¥tabndgatiphas
vessel s, egch of which ZOEﬁlont in a mxture (that includes magnetic

par ti cl es)olimpaedp aricies lleweqihy 3 eaptiief Maghelicrarbries AHIRG Condnuous
magnet| c RRA.I ThE IS RIS AR aNnfénd! foRYeollBBihd? idH bﬁtr%lrym%qrre%e

by a supporting nmeans. Also included In e support” is an arra

st at i onar Pasidiemifeatstaianasy sesarveingbave aclirst magnek dihenegraining ealutionais
magnetic f L L | ' t

magnet i o et Ehithdied BGE! 5's5ebid lechBt P RHove SFHERHRIE AR e may
rel ati vés trotbhee peemeapturedriby ttes first Falghetvi ng the fi xing step of the
magnetic particles, the remaining mxture may be renoved fromthe
reaction vessels thereby | eaving behind the magnetic particles and

the anal yt [p08] iAnottest dleansieof SCnadHTL pTDEIL epaPdAt déviddid tkRsed in

separation device is disclo ' S patent 6, 159,378. This magnetic
particl e S¥FHILPNBhageAsatiene é??/@é%e@t aﬁ?‘% cafigineesaibes x device for
conduct or cepaRtiAG MBGRHd PhGicRRr R 4 PRIVEI T raBERRL Vé‘ssfeléﬂﬁaféﬁf}ﬁ%meﬁ
is perneable and thus, permts magnetic particles and flurd to flow
20 contain a mixture (that includes magnetic particles) in a static state. The reaction
vessels containing the magnetic particles are positioned in an array. The array is
supported by a supporting means. Also included in the support is an array of
stationary permanent magnets arranged such that each magnet exerts a magnetic
force on a specific reaction vessel, thereby holding the magnetic particles in said
25 reaction vessels at a fixed position relative to the permanent magnets. Following
the fixing step of the magnetic particles, the remaining mixture may be removed
from the reaction vessels thereby leaving behind the magnetic particles and the

analyte attached thereto.

30 [007] Another magnetic particle separation device is disclosed in US patent
6,169,378. This magnetic particle separation device employs a stationary
magnetic flux conductor made of monolithic porous foam. The magnetic flux
conductor is permeable and thus, permits magnetic particles and fluid to flow
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WD 2009/ 038536PCT/ SG2007/ 000316 through it. The magnetic fl ux
conductor is magneti zed by an external magnetic field froma

per manent Vg0 2en%/08858¢t r omagnet and generates a nagneti c POr&iGdoogoendient
wi thin the magnetic flux conductor. When the magnetic field gradi ent
is sufficiently high enough, the nagnetic particles present in any

fluid passireagh it. T glagnetic fagnedriductdrus magrikizedrbyaen exdé¢rmbh etigmetic
wal | s of the porous foam Iiﬁlonverse he magnet pc field

gradi ent figld é"&’ﬁbéﬂ REFMENFRY OF St ﬁﬁ?/qtqgwqgaﬁi,@rphg ekgtes & Megnefig figld
are all O‘A%ﬁiadlgnmﬁﬁmtthé% n?nétft.eﬂlﬁmﬁﬂﬁ&ﬁ&orf uptert e Hidgpietia giid grabient is

[ 008] Al though the above-nintioned devices are capable of extracting
magnet i ¢ sfficiantlyshight Anewgh, ytf@ magelie dpartielrat Rreebimin attyufldigl, pPagsing

many di f%rﬂ‘?@ ufi th? %@étf'cb ﬂu&HF ﬁ?% tr&ralrn%ﬂ' Gn SdIis36t ﬂ'fénpoﬂohs'féam

necessa he anal yte 1 n order
i nprove i CGorwersely;. whlem the magee’peérel,d gnadleaiibasfeeducedrtolsmtme!lIWDWemlua

xt ract 1 o AEe Bartdhe e HoNRY G r st eyt BEPHe R forfpdiey
necessary g“«parry out subsequent washing steps before the anal yte

may be analyzed further. However, in carrying out said subsequent
washi ng steps, there exists the necessity to repeat the washing steps

| j |
Zg:/ﬁ[:]as 0(5 ' l{ﬁﬁgl t‘é\:ﬂﬁafi% ?{t gav@-ﬂﬁérﬁﬁbﬁea‘”dteblc@s kiré rE:ab&t’!l@ onafxtr%f‘ hd Ynagn@:tic

ri sk that guantltleso anal yte may 20 be
| ost duri martidemwite enalyte adechati theete ionvenbxiuies @@m@n agnostic tests are

evapor at | on a qur%%iqﬁgxﬁ&tfone tv?@lnkcé’gs bﬂeascrﬂaﬁ s hac?%a%ﬂﬁﬁ@

washi ng st€ CRae of oW corcentr |on
the start iamglw@rmlmfdemas rippnaveoits purity.elt tl'astresneab,nma/vabhvmg- Menﬁahdd

anal yte as, descri bed, aboy cause .t he | e t
or ays har (SeHISER £ 8% Hrqw[ie Qﬁgdﬂ?a%%(fﬁ{ i 'ngt% E@%@?Pﬁaﬁed it ?‘ng tfie
undet ec{ alhgactifp bﬂﬁ:‘ésé hgs SDeH Eif TR afcressld Hevideacdfe, u§eh|¢$t€is wWREbEsHY fo
steps (or additional manipul ation met hads) enS| (ii épfaﬂﬂ
| ot of ti eBmyvaHtSubpepldawashing, stepsthelene ‘ihﬁﬁﬂéﬁxﬁ |fﬁﬁ¥| rq"éwze er.
appl i cati Qpgysiseh ,ﬁscatrﬂﬁn&e&ﬁcfs RN s%sffﬁjs 1968 Qsmngiogb s BRI %mrsts the

bi ol ogi cal ,” environnent’al ustrl exanpl e.
[10] In omdeessity fovr@peamet\r@sian@rsm sevgralftinges a @@hlemnmlwewm

10 2002/ 4358010eFbPBMRT 2 dbifg ' SBOthergh IRERAG Fsk Met BRAMRLSS oPARAIE Aoy

froma m
20 be lost during transfers between different washing containers, evaporation and

adsorption to the wall of the containers during these washing steps.

[009] In the case of a low concentration of analyte in the starting sample, carrying
out the extraction and washing of said analyte as described above may cause the
25 complete lose of analyte, or a sharp decrease in the amount such that it may
become undetectable. Besides the above mentioned drawbacks, these washing
steps (or additional manipulation methods) are expensive and expand a lot of time,
which renders it unpractical in many industrial applications such as the detection of
pathogenic micro organisms in biological, environmental or industrial samples, for

30 example.

[010] In order to overcome the aforesaid difficulties, PCT application WO
2002/43865 A discloses a method for separating magnetic particles from a mixture
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WO 2009/ 038536PCT/ SG2007/ 000316 and a washing neans. In this nethod,
a solution where the analyte (attached to nmagnetic particles) is
suspended W@ 2809/0B858¢ cont ai ner connected via a bottl| e- PETISG2H7Q00316
second container. The analyte attached to the magnetic particles are
dragged fromthe first container to the second container by a

per manent anthAevashidg thhears. Wadhis metbed; a§ohﬁ@ne.vhlere;1hetanalsée (attachedsto

anal yte t I 0, n 1 ther such
dovi e 1 s HRGRHE B RS B AehBfodL P8 Ar2ohBRT opnadedvid R R asics
appl i cat i o setded %Oﬂtaim@'nTherﬁr@Me rgtathed amlhe/hﬁagr@tlcmtrmf Iéléeélre ﬂﬂégglaﬂ
reaction vesse th a.lar er _cojrpar,t men avi ng a funnel shape
- an el drgaroe TrebeshteBenin IHbAtcd ROHARALY LRt daaes A the
area. The \RasHIRS Bf 4RE MadnatiefpastitiLahd He éﬂwmidl&sﬁﬂéée& fH fife £&ond
two magnetic fields applied sinultaneously t'o separate magnetic

particles GéalBek. in the upper conpartnent of the vessel fromthe
fluid. This transfers magnetic particles fromthe upper part to 15
the el ongated | ower conpartnment and renoves the solution fromthe
vessel . Th[11]sAriathéosech ﬂgwwluki dﬂﬁm\ibedilm@cj‘uépmrcat:onm 2006401 qmmm

{hen subj B B F T P Hegit ber S GaY s8piate WRenuAl pCRcrpiaed i a
directi Qos:reh@nowshséélamﬁmnmge: uppént b@ﬂn@%rtrr%@lt haddh £uﬁﬁmrsr@>§@mﬁ@%n

of magnetic particle separation devices are also disclosed in
patents 6,clorgated '0‘89'335%“@%’"905"“&8@&9“5@& p@&ﬁrS@ﬁﬂmﬁb@m@z@m:@mm

PCT appl i fmﬁs@b%‘@ dfos@@@zl" %4@%@%}&@ \Qﬁﬁ&o%%\ﬁb‘l%gﬁae\t;gz elbglﬁcpr(hed

However, the aforesald devices an rocesses still rawb
such as t Hémolignenusiy e sepgatt magpetic mr@!eaapmem ingthenuigperreioninartoent

E\?\Ei ‘(’:"ﬁl : Z aogfth&% géﬁeyv?ﬂghg hffﬂedltgm %ﬁgﬁefsﬁ@'a Pﬁﬁﬁgiggtfﬂogrh i alflﬁpcér%%rt to

i nabi | i 1§ the emmmeda Icadrébr ctdrepamgmitarm ;m'ndwesl fbs émeﬂ@nsfeomfthe lvessel. This

residual qglﬁ)we c}dqugervrv%isﬂinignb&f{’]eer tgetﬂn%\lmgr %ta'r_tuci.}_.grreegt & ﬂ1e washing
buffer contalmng the magnetic particles is then subjected to two magnetic fields
applied with different directions to wash the magnetic particles.

20 [012] Further examples of magnetic particle separation devices are also
disclosed in US patents 6,346,196, 6,355,491, US patent application
2004/0023273, and PCT applications WO 2007/044642 A2 and WO 2006/021410
Al

25 [013] However, the aforesaid devices and/or processes still have drawbacks such
as the capture the magnetic particles occurring only mainly at the walls of
reservoirs, a low concentration of magnetic particles (which leads to low analyte
yields) being captured, a general inability to release all the magnetic particles
because of the residual magnetism that remain in the magnetic structures and

30 finally, all the above devices require a lot of processing time before all the
magnetic particles are separated from the liquid phase. In addition to the above
difficulties, further disadvantages include a high loss of analyte during transfers



30 finally, all the above devices require a | ot of processing tine
before all the magnetic particles are separated fromthe liquid
phase. | n vadadeiognss¢ o t he above difficulties, further dACTGHGeMLGEs

i nclude a high | oss of analyte during transfers WO

2009/ 038536PCT/ SG2007/ 000316 from one contai ner to another during the
washi ng stfeqm onamr@mnem@mnathgr durirgathel washingstgps vardiae indbility ip hesdle

[14] As s sts a need for a device for washing and
i sol ati ngualcillg!I %Q@Pﬁle paratmﬁégs froma continuous fluid flow in at
| east one fluidic channel having an inlet at one end and an outlet at

th ) ch d | | so capabl e of being utilized
Foget ner wtIAT 55 sieth et SRS fPeat for e diceaRl WeslngAnd salpting
yet cost 5&ﬁé@féﬂcvsaﬁ;elésnﬁbﬁmn&ontirﬁ&o&@'fﬁud HRCHT a fléh“stdcﬁi@ ‘F!Grd flﬁﬁéﬁr’i@l

and nmethod, according to the present i1nvention, of washing
i sol ati ng hetngean nlet@t gaetand and an@m!at & @notheiens. Such @ delwm shoultt also

| east one t
anot her iy, CasAbfe 6 BERG, 2 Bohcifler P b Bind PBoRAGN = Suctils fla. Bb
of the preaieple and/mettaasheffectmamnrrm@mmt Irstoiateispgctnﬂwh@é\h@eL %steirmlaﬁa
froma conti usfl win at eas one, flujdi c channe avin

an inl et féEtﬁ =0ﬁ‘éc%l' Wga{'ljda'éﬁ] pB‘?ﬁqnétm 'QHOPR&@SEW@ and |IsRIglNg, Mmagnglic
one magnetpaetickss fre®) élébh!lrﬂjous'rﬂlﬁd FBENE it feaOBHE PuRRS EhAind ﬁa@lhbad?ﬂiﬁlét
proximate to the at | east _one fluidic channel. The at | east oné

magnet i ¢ $bQPe &ngand an outlet Al pagies epd; oxaspermes thesafopasaid diffieullies. a
second position and itself conprises at | east one nagnetic source.

The magnetic source carrier does not nove in a translational notion
but 20 ratl9db] Tbeadedcaradithe presesiinventionrisrewashingf and dsalatinge asgnetie

: : h
7ot naghaticl fdhid Shndrlchidtd 3l i a7 IeesPlof SAEEF ol e beuf R BRE
one f| uldiat ovhagmkebnd lan duiletgatsanothar dndtindlade at)masf bhetmﬁ@mﬂﬂ s$cdurce
source generate etic field at

ouns Tl CUehRoThe MREKSR: TBHER et . SrBhedd oXimas b dhe ldepst one

| ocati on fiidicachannel. The at least one magnstic source carrier is moveable between a
first position and a second position and itself comprises at least one rﬁagnetic
source. The magnetic source carrier does not move in a translational motion but

20 rather rotates around its axis. A movement of the at least one magnetic source
carrier to the first position places the at least one first magnetic source at a first
spatial location along the at least one fluidic channel. In doing so, said at least one
first magnetic source generates a maxima magnetic field at said first spatial
location. The generated maxima magnetic field at the first spatial location attracts

25 the magnetic particles from the continuous fluid flow and assembles said magnetic
particles at said first spatiai location. Conversely, a movement of the at ieast one
magnetic source carrier to the second position places the at least one first
magnetic source distal from the first spatial location such that said magnetic field
at said first spatial location is at a minima, and the magnetic particles disperse

30 from said first spatial [ocation back into the continuous flow. The maxima magnetic
field is between about 200 mT to about 500 mT. The minima magnetic field is
between about 0 mT to about 50 mT.



25 the magnetic particles fromthe continuous fluid flow and

assenbl es said magnetic particles at said first spatial |ocation.
Conver sel Woauuswssaent of the at |east one magnetic soRCISGENTONELS t O
t he second position places the at | east one first nmagnetic source

di st al fromthe first spatial |location such that said magnetic field
at said fifld16 s\@apn%emeaﬁoéﬁrmmb@dlmena fenatrigash odet megmettpeource carrier

ont | nuous Y orarter dRoibes e Rt i o, arisBE Rl B s Gl
about 500 embodimenti sdideatifagsicone streid! magnbtit \searceaikoatrarfyatiint a spatial
bout 50 (0] 8 LS&2 003 016]..1 I
embodi nent TaSEEN R FERREY (6 AT [5ob aPE deL P RRRG R TFe SURB that 1o
i ncl ude atmbeasiente the@ﬂéaﬁﬁﬁﬁ@tmégﬁaw §6urck Ncdribs & REeRb)d position

enmbodi nent ,, sai st one second magnetic source is arranged in a
spatial arl'@fR ﬂ’@rﬁ“ nectgrond magnatis spurGeaka sepend spafial lasghen along

source SUQHetﬂlﬁﬁlct&P\%nﬁem‘f@@é‘éo f spiBy) "l’c'.icaln?ﬁ% I@{ﬁem%%{rgﬁﬁoﬂéﬁethe

carrier to the second position places the a one
magneti c ek Gpatial lpcad na'hepa’tt ||%ﬁ8tI(D‘t&atseomnchlma@ﬁettimestbwnedgenerates a

Firer spattanroaaonaReh e sabdeBf sRatdidtalfing TR Bt G2y oEg mekima

gener at &6 raagm:tlm&eldwjrtbelsecbnelsdaaﬁal [saatd)rsam@ﬁtt theatniaghetic® patticR: from

The gener gt ion 10 magnetic field at the second spati al

| ocati on 3{"? rcé’@? Eu?‘lll%nﬁwg%‘l’la@d §§qn&kﬁg§ Sﬁldomagﬁﬁt’%@ﬁmqlﬁ?o%sﬁlﬂﬁﬁond
fl ow and mﬁabloeatlmlmd'%lﬂﬁd' ﬁha@ﬁéﬁd §b88e @Fassaahféxﬁ'ﬁé ﬁﬁ“e@! when
| ocation. The second magnhetic source has a nmaxi ma net|

the first P@&Fﬁtm%gf?él&r&%r%%a%arwlﬁi%mmgﬁm figlds Iher@fomaéteeﬂm partlcles
after the Halrlesea i helPaseebifidPOADL 1ld fidk defich! 0L AL HEm a

first position has ch angel ro naxi mamag
m ni ma hagh@xime lTﬂEléhﬁt)G d fﬂla)mildum&ﬁageem ﬁeldhandhébwoufﬂwrlmmam fnitavihe

the parti he secon ROS I ti

second posq,zli0 ﬁrcl)erf\% g&ghﬁgﬁﬁﬂglﬁg%g%ﬁaﬁﬁ% dnﬁ%@t |S§P@14]8°§FHB>W'T%9
magneti ¢ fseebnd pR6itipH hak changbd Sroemhedinimea magnietiofigidoe 4 hixias trddiatic
the at le r one nagnetic source carrier noves again, to either a

third posi d0n or back to the first position. In ei t her case, the at

| east one second magnetic source is then distal to the second spati al
| ocation %i?f]&ﬁce generates a_mninma nmagnetic field at said second

spati al %9 thigsemppdigiant, & max g g cese tthat theystieast ene magestic
assenbl ed t]

cource | o Sp Miefearder FBOGHBHAR, 10/siich ird pB3Tbn R Babk i v/ I5Afon. n
| east one efthei aa&e, dhemib dgast phedwsicand mgmﬁcdsoatcd iscthen coir&ialfmrtbe second

TROLE" Lo SPAAGEAN 0 oo BTa TR, MERDEME Tl o bl ol
the conti spaiial i6¢atiod rekolingrinl aadisperbhless theirtagrrgiagidricleaasssthBRdahere.
cmbodi rieh CBECtRAtY. Pt s Sie Trabmadnele ol Satiaropiarey st fiet
R oo o e o
via a rot Hist spagnetic source once again generates a maxima magnetlc field at said first
spatial location and that attracts the magnetic particles from the continuous fluid
flow and assembles said magnetic particles at said first spatial location again.
30
[018] In ohe exemplary embodiment of the invention, the magnetic source carrier
may include a cylinder. In this embodiment, the cylinder may be arranged

proximate to the fluidic channel, such that the cylinder is moveable via a rotation
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WO 2009/ 038536PCT/ SG2007/ 000316 about its central |ongitudinal axis.
In this enbodi ment, the at | east one nagnetic source carrier, which
is a cylirderyessesrsd ncl ude, as previously mentioned, a®CIE&3e07061616
first nmagnetic source and at |east one second magnetic source. \Were
there are two ghetic sources, the at |east one first and second

magnet i ¢ sRRULS cerdral lpngityding axis: 41 Ais emhasiimant, e apié&eismlon;a_ magr|1etic
' t: : tral_raqtation

X o OF  naubt Saf RIPRIon!IS oERaSE, Ml oo, B8 FyaRBLAT merloBeticadieast

magnet i ¢ s st magnetiersoacce and et [easpendisevdrad ntagnitic sadicac Wrierdtthere

| ' ' mbadi t, lally the
or ent at 1 cheare MRSl SRS ifi oL Bty BReRietaan spsBo ruaanat ssseess are

i 6 tin idistant iltgtratingspatifl ardfjerhdhtafit Rape MBS FESher biR
%gg\évt }MC reae n g I édri%SeC arrangedbconcentc{h?c ?BI’ g

' i ncl.ude a Al
iy, Ayt bl i o it
di 1] i i :
Ty el UG Bt | Cat on e s gt ot PP bUpr A PpdacdiCatied ane
ring may il nagnatic %%C%-tThléﬁmbO@ilmenﬁﬁespemaIWHmea%gogpieo;gmemﬁ%gc
It ' ; ; Aot her ar _

the. nagnet 5 Skt SELRREF deecribRl 1h BeRBerT wRHFERhFhlp FRERER. | ncl ude
anotherl@ircular ring. In thi shenbod: mani, the anot lhg: :: 28 [ 'Sl'he 20

dt tric,to t t |east, one circul, - ]
not ner i 18T 1 R HEpbftent Bl racests SOHEescuBAn mRIgmadS a disc
sour ce ar marggdd adargnirics (ar SiFHI ARBEE baRekl) to then@hic Fﬁéﬁné?.nﬁn this
circular ri nd th apother circular ring may be noveable _
i ndependefINBAEERY, 1he (isC gayhs ayeablesvia arotgiien ehoit ifs ofigins The disc

enbodi Wentnéwinéhaﬁbfbﬁﬂeé@%ﬁéidﬂ%glai' ngraﬁlﬂatﬁ%/ af el %n%ﬁ&léfﬁrﬁ’iﬁ{?ytigclude

Figure 5a - Figure 5c below 2 ] et ano hgr exe

enbodi nenthe eHeastpfieiinst megueteseure aeangey alangl iistrcantiériiter m
arranged parallel to the fluidic channel. In this enbodiment, the
platformis noveable via an oscillation about a median axis. In this
enbodi mentl020hia phethtoexemplary mothotimant whete tRImagREE®BELFBURRHGCIs a

' | yi di h |
post 11 oned e, s e el Ahother srlaitiomdmiemembodivents the
carriage. ahothet fiay jecartiengddh® bbUdhcenttan®e b RaisRbABR%Litdfar B, 2fhe

[ t ich.the platfqormoscil| ates. .
axi's at}%uanc\ﬁ/ﬂer CerLrl]ar Plng includes the at least one second magnetic source arranged

along its circumference as well. The at least one circular ring and the another
circular ring may be moveable independent of each other or moveable as a single
entity. This embodiment is further described in greater detail with respect to
Figure 5a — Figure 5c below.
25
[021] In yet another exemplary embodiment, the magnetic source carrier may
include a platform arranged paralle! to the fiuidic channel. In this embodiment, the
platform is moveable via an oscillation about 2 median axis. In this embodiment,
the platform may include a first and a second magnetic source carriage arranged
30 such that the fluidic channel is positioned in parailel between the first and second
magnetic source carriage. In other words, the fluidic channel lies along the median
axis about which the platform oscillates.



WO 2009/ 038536PCT/ SG2007/ 000316 [22] In the above enbodi nent where
the platformincludes a first and a second nagneti c source carri age,
the at | e2®020098345B¢ st nagneti c source may be arranged PEI/SG2HCHGBE

points along the first magnetic source carriage and the at |east one

second nmagnetic source nmay be arranged at discrete points along the
second 5 [@22ieli thesshavecerobodimene wherther plafemmingludss @ figt and & second

ti t,.| t i LR S [ S i o
i ot al - ( offsBPtie SoRsepitd, dbe ZE R Bie T ifilyddlic Seifhe, iy id awdnged
?econd ”gﬂﬂﬁtsbﬁeté %t{;rﬁtesaleﬁ% tihe fisstonaghetizgsmirce cmuﬁagt:)aean@rthe @jdeastiene
irst and the second magnetic source carr,i S e.a
osci | | at e3$¢m@p€}ﬂ9@ﬁﬁ?>ﬁ%(5’fc%§@y ¢ rErangedi %ggiﬁ?'g’g% PO %i@*igl%’%eg?nd
any one h{éﬁnﬁﬂi@ sepr‘c\é ﬁrng@.m hifaSguMm&s dfajachagmsesutivecati leadteorteofirst

t he fluidi c channe Al the preceding enbodi nents of the

h
devi ce of magaeticvemrcenisraych uhehdr 19 slistald fOrRPasieb ot fagaryr betweep hiwo
Toverent gf, 4116y TRUD RIS oRQUEE PRl cdEadB! (e dEinRnatdke Glure

DC nDtor,C(P%Sr hé case notor, the 15 nbtor mm
be a steppswiage! The fisstnatid tveossconot magneticasouroel satriagespaybe adapied to

exanple. In the case o not or,, the, . y. S

nmotor, a §§‘P'ﬁt@§ ’Rg%ﬁ’ﬁi" 3?),? %?Cbeqth%rn%rn %gﬁ%ﬁﬁn‘%ﬁ?%& rég%y"ﬂlr@ﬁme,
ser vomiPpnlyidie MagiBiEsourbd brriageasigidmate talthe fibidiccHzodiehent s as
descri bed above may al so have the at 20 | east one first magnetic

source and/or the at |east one second magnetic source enbedded w thin

the at le L & - i theeinyventidre furth
36%%@3&1‘4%%%%%@2@%@&%&%{5 & theAldvidanat theeinyentidte may further

respectiv ne _ e arranged on the surface of the
magnet i ¢ #miudee acmotdrethat Thiveatthe gaeve o ther magpele SeHPe BN Ehe

sources nay_.inhclude r t t r
conbi nat | PR EpddR AF BE B DEREG, forbafie! EBIASS of afiAG motar the
all thejphresediyy babaditemparsmotort sgnchrorous ootampr @ns indugtiam énotor, for

of the. 1 GREGIR A Icaseifl % bt R B B el ebubfublRa Mot a

rce i s constant and

does not \afi¥s dBuhll Mmdtol,H pagethehonrigptLimetaridr atdtevaragioetfocexemplec| es
havi ng undergone the 30 previous washing steps which are the result

of the assenbly and di spersal due to the varying nmagnetic fields.
[024] In addition, all the embodiments as described above may also have the at

20 feast one first magnetic source and/or the at least one second magnetic source
embedded within the at least one magnetic source carrier. Alternatively, the
respective magnetic sources may be arranged on the surface of the magnetic
source carrler. The at least one first and second magnetic sources may include
permanent magnets or electromagnets, or a combination thereof, for example.

25
[025] in addition to the above, all the preceding embodiments of the invention
may also further include at least one capture magnetic source proximate to the
outlet of the fluidic channe!. The capture magnetic source is constant and does not
vary as it is intended to capture all the magnetic particles having undergone the

30 previous washing steps which are the resuit of the assembly and dispersal due to

the varying magnetic fields.



WD 2009/ 038536PCT/ S&2007/ 000316 [26] Another aspect of the invention
relates to a systemfor washing and isolating magnetic particles in a
cont i nuousweéRivdsdskiow. The system essenti al |y i ncl udes PET/SG@3N003He
fluidic channel having an inlet at one end and an outlet at another
end and any one of the enbodinments of the device of the jnvention as
5 previ oudPR6lBseinepeaspect of| then inveptienyeliionte drsysirm Sipsr Washing anrd
| east one. fluidi -al ght acha I e i
across th& O}Eh!efﬁ tﬁxa@ﬁ@ﬁﬁ?a&@@%ﬁ %zﬁaa: C%b{é@?(%%sﬂgladw'r Fbggéyﬁ%aﬁg%ﬁg?"y
enmbodi menincludes athleasiebnendyidie chammedindeingrnan dteipat ome end aret anrmtpb At

cxanpl o, - 8RebRGoRg PRoANY dhengt fe orai ot the 8Pled e iBlenton o5
creating arvdigneddsdribegn two to four channels, each of which nay be

i ndi vidually processed using any of the various enbodi nents of the
device of the present invention previously described. 15 [28] Yet

anot her aﬁgﬁffs B‘F&né BRBRIFRER of tHY %?\fst%ﬁgtsh%%ﬁéés‘i drie MuidBIchaHANS may be a

washi ng a at1 ng magneti c par froma continuous fluid flow
in at | eastraight dhiaoheli ¢hathexieots haorpssy the lengibt ohtthe rdeviery asn@rampusly

outl et at ,another ,end. .. The | | i '

magnet i o AESTIPeRr dheore TR figet dhe sHaRns i & FfapRG shape. I
| ocati ?)ID cha’pﬂgothﬁe ehhisodinent; ha? lrtﬁi_agn?’llhirmyal’n%veabe’mvfghetwmypécbtjrcarms,_for
particles fromthe continuous ui ow and assenbl es | gnet .
particl es®X@Mpife $HPRAING EIMaR PN 96FE %?HE@G@@W*OW t‘%%cﬂ\’é]‘gtcrgéﬁﬁg
magneti c gAARSd Dol the! & Ford ERariress,f éadidiof wikiah naky sbie Hindibilually
the magnetic field at said first spatial position decrease

suf fi ci enpracessed aising any of desywioss epbodiments o (g &?Vi?&ga%ihec present
particl esir{\;eﬁﬂgéppeﬁéh .gy §&d rP%F lal | ocation back into the continuous
e dasse

fluid flow y and di spersal of the nmagnetic
particlEs is anal ogous to the washing cycle as previously nmentioned.

During th I ' ' i ' .
mgneti ¢ d92eT SPeano S pEbaRT 38k pitecht MyBRMIEIEteB = i SFlishing
st at i onar yngasdlaiimnnghietig pastitedbirgmtan centinuens Ifluid fiowalin ab teasb vae ifloitid
novenent that includes oscillations., These v nts.durin e
i sper sal CORMdaTh e ot 72 220 1AHe SR AN PLAPOUIET iy | T method
i mpuri ti emdidifds theYadiflication bf atrhaghad e faen arfrblyinagnéie soulicaddta first
t he assenbly and di spersal of the magnetic¢ gart | c] es maﬁ/ be
20 spatial location along the fluidic channel. This attracts the magnetic particles from
the continuous fluid flow and assembles said magnetic particles at the first spatial
location. Subsequently the first magnetic source is moved relative to the fluidic
channel such that the magnetic field at said first spatial position decreases
sufficiently to result in a dispersal of the assembled magnetic particles from the

25 first spatial location back into the continuous fiuid flow.

[029] The assembly and dispersal of the magnetic particles is analogous to the
washing cycle as previously mentioned. During the assembly and dispersal of the
magnetic particles, said magnetic particles rotate and oscillate as they move from
30 a stationary position during assembly to a translational and rotational movement
that includes oscillations. These movements during the dispersal of the magnetic
particles have the effect of removing impurities that may be still attached to the
analyte. Accordingly, the assembly and dispersal of the magnetic particles may be

9



WO 2009/ 038536PCT/ SG2007/ 000316 taken to constitute one washing
cycle, which serves to inprove the purity of the analyte. [30] In
one enbodiWwents/0sssss above nmet hod may further include tRETHGROI7THEBION
5 of a magnetic field froma second nagnetic source at a second
spatial location. The second spatial location is |ocated downstream
fromthe fiaken tgmenstitute ovatwashing oyae, Which| ssreisctocinaproet thé\purity hihe
applicatiOé’h fethe first magnetic field, the application of the
second maghet1c field attracts the magnetic particles fromthe
continuous fluid flow and assenbl es said magnetic particles at the

d ' 10 | iQn. ¢ tl [ th econd nmagneti c
AL LI R e LTSN Ut A B
at sald sesion thaghihicateld foht BUbAAARASRRIC WS bPR! 196hBSUdid d2aflon.

di spersal of the assenbl ed nagnetic p cles fromthe sec spa
| ocation b seeans spetial degationoadotatat diownstreamhiremnting first spatidl decadion

v . B ) bt | A
Fopent ol Ao 1B HRIdi2 GHERARE XEST e ntfikdion-at M A pHEHS st cre
t (r)rb t g_e mi iannlieaﬁngnoﬁtl:ﬁ agcaﬁdegmga&dt:) iﬁgldp%ﬁtfebts! mel. mgbﬁﬁc Batti&’e_s fr?r_n the
enbodi men e od as descrjbed.above jnclude the application

of a nagnect%lr@{"r"%%ﬁ H&E rfEW an &FS‘P'EQ@? %‘Fg magpetic Batiglasert; t@e?g%gpa@ spatiaj
20 capt w0 docgtivhi Subbeg@dntyN mMvving Rt fedofdthsgmitlc! ursd rdi1BGvd er’LHeéidﬁiJidic

channel . The ma]gnetic field fromthe capture nmagnet, as descri
B¢

above, is @BRAeLFYCh It dhe magestin fieldsaleraid second spagakpositipndeceases
f ) = a e pa
romthe %@ﬂ?dléﬂil?ul%sﬁltg'ni‘i'sef efdal td?%@%s%@ﬁal%ﬁ%aﬂﬁ%@b@ﬁ é’romqhe

constant magnetic field is necessary in or
subsequentsefend spatial focsdiod baglyintoitie pamtirivouie flulsfenbTtés nety Heheonsidered

capture spatd : ' - th n te.attached thereto

bepf urt he%%pdrrg%:%@@gggﬁ%r g%éc ng iwc%%;s"mgs 8@%’ ?J%?g fﬂ‘f%%?‘@é%ﬁﬁ“ﬁﬁ@ﬁ?@ﬁn
wi |1 nolb esulissor'n’renmiertdf washingowtes beinheipbiiéd @HegmiNtlinesddrdimg the
exenpl a'ryféaﬁ%%ic%%%c?esqf the present invention in which: 30

[031] Both embodiments of the method as described above include the

application of a magnetic field from an at least one capture magnetic source at a
20 capture spatial location proximate to the outlet of the fiuidic channel. The magnetic

field from the capture magnet, as described above, is constant and attracts and

assembles the magnetic particles from the continuous fluid flow at the capture

spatial location. The constant magnetic field is necessary in order to facilitate the

subsequent removal of said magnetic particles assembled at the capture spatial
25 location so that the analyte attached thereto may be further processed.

[032] Various aspects of the present invention will now be described with
reference to the following illustrated 'exemplary embodiments of the present
invention in which:

30
[033] Figures 1a ~ 1c¢ shows the effects of different configurations of the
channel-magnet pole interface and its corresponding effect on a magnetic particle
within the channe;

10



[33] Figures la - Ic shows the effects of different configurations of
t he channel -magnet pole interface and its corresponding effect on a
magneti c puOeeessd t hin the channel; WO PCT/SG2007/000316
2009/ 038536PCT/ SG2007/ 000316 [34] Figure 2a shows a cylindrical
shaped magnetic source carrier with a nunber of magnetic sources
inserted in it, each adjacent magnetic source being perpendicular to

h ot her ga4id crossr.sect,ignal view about the line 5 X -
;a(agf 1(:) heegglq#arlgfipgg%b%%}%gﬁ(sn%gggW?Ec@oﬁ'?wdc5’?3?9! ICopoLiguFRITIOR With a
[35] Fi gurnurBberstiommgaetiBgoetces iSeuHeReinGR dHc adjhdeht Inddnbtll $orfba BBRIg
on top of it: Fi_gure 3b sho _aB,rreander shaped channel as used In
conj unct i JIFTRPRHICHIRE toggRa othersElgure Z2bsshaves cigesseglional zigw Ebtgﬁfrf@eﬂme
shows a sp(La ofthana RALp&P d i ¢ e
magneti c gf)u?f:g carri g?htga;l gi %Ul‘e 2;%%%?9393{% Eﬁs}ﬁ?\/\% a
schematic illustration of a trapping and rel easi ng sequence of

ti h G I i . Fl gure .S an
P ustr at | ool Figiiné 88 B8 TREBARIE souBitaplerif a1 S chénredion toncef
a notor tdt; JdgaereaBb showvsls meamd'drrujalaﬂedicﬁﬂnngl é@ﬂsé?gﬂﬂ%bhf&m&@éﬂ Q\ﬁrﬁp_tgcra
ier; Fi S5a | circul ar, shaped nagnetic source carri
wth o nufee' Siie Aet ol it Zrckictsn Sorenone Srgial shased shannags
vi ew of 10 setdy BehjuBCEEVIVIR tiiagRbti®sodrts BhRic? 3f FFdlﬂ‘grfa; 5¢
il lustrates concentric magnetic source carriers for 20 programuabl e

transport of magnetic particles;
[036] Figure 4a shows a schematic illustration of a frapping and releasing

sequence of magnetic particles due to a magnetic field; Figure 4b is an illustration
of a magnetic source carrier, a fluidic channel, and a motor to generate the
15 spinning motion of the magnetic source carrier;

[037] Figure 5a is a circular shaped magnetic source carrier with a number of

permanent magnet inserted in it; Figure 5b is a top view of the magnetic source

carrier of Figure 5a; Figure 5c illustrates concentric magnetic source carriers for
20 programmable transport of magnetic particles;

[038] Figure 6a and 6b are illustrations of an embodiment of the invention;

[039] Figure 7a illustrates an embodiment of the invention where the magnatic

25 source carrier includes concentric rings, a fluidic channel and a motor to generate
the rotation motion in the magnetic source carrier: Figure 7b is a diagram that
illustrates the washing and isolation sequence of magnetic particles as carried out
by the embodiment of Figure 7a;

30 [040] Figure 8a and 8b are a schematic diagram and an illustration, respectively,
of another embodiment of the invention;
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[38] Figure 6a and 6b are illustrations of an embodi ment of the _
invention; [39] Figure 7a illustrates an enbodinent of the invention
wher e t he Wa@MBIBE3®5 source carrier includes concent r iPETSGAYS/004316
fluidic channel and a notor to generate the rotation notion in the
magnetic source_carrier; Figure 7b is a diagramthat illustrates the
washi ng ané@4torigure Pasand, Eiture b arggaliarnativeaembotiowrds of aragnetic sotirce
by the enb%}].ig%mt of Figure 7a; 30 [040] Figure 8a and 8b are a
schematic diagramand an illustration, respectively, of another

enbodi nent of the invention; WD 2009/038536PCT/ S&2007/000316 [41]

Fi gure 9a Ei. e .are alternative enbodipents of magnetic
sijglrjce carﬁ%]s#;-'g%e[ﬁg]'s ﬁnaﬁ\ﬁé 'ﬁl@?ﬁ%'oan tﬂ'éra'{ga”i"{’fﬁ’ﬁr ﬁme%'WntaWhefe a
al t er nat S waagndtilsamoé cuhiRi Gad auERPORIMEgTl GRiIckAE! | er has a dual
pol e magnetic structure. [43] Figure 1lla, |Ilb and 1lc are

phot ographs of the enbodi nent of the invention as illustrated in

Fi 3 Qvehy; 5k0 s)
Shots of - meoy gare Mad, PERE G, ¥ areophOtSEtars Ol tuc SRR RER? the
Fi gures 2,ingerdion asitusiratad irf Eigenes BapWaranidede, fé§edivay 300 | /min and

500 1/ mm [ 45] Figure 13 shows snap shots of nagnetic particles
concentration using the 15 enbodi nent of Figures 5, 6, 7 and 11b;

[46] Fi d@r @4ﬂfi§hm\52$3mﬁbrﬁtdt@gf ﬁa‘gh@ti.te@fa}yﬁdﬁ cér{i&rﬁt}éﬁ?ﬁ;ﬂhgigg tlhg
i bed by Fi. a at differen ow rate ]
S he 1 o BRnF 2 FicaSe 2y dratd A actoEiecent flawetntes (290 Sdiminn 300

effici ency,lmimgugg,mmng he system

[045] Figure 13 shows snap shots of magnetic particles concentration using the
15 embodiment of Figures 5, 6, 7 and 11b:

[046] Figure 14a shows a concentration efficiency of the system described by

Figures 2, 3 and 11a at different flow rate of the sample in the fluidic channel and

Figure 14b shows estimated purification efficiency as measured by the system
20 described by Figures 2, 3 and 11a; and

[047] Figure 15 shows a series of graphs that illustrate concentratioh efficiency
as a function of the oscillation frequency at different flow rates using the
embodiment of Figure 8.
25
[048] Figures 1a— 1¢ shows the effects of different configurations of the channel
— magnet pole interface and its corresponding effect on a magnetic particle within
the channel. In Figures 1a - 1¢, the magnetic source 1 is shown at different
orientations with respect to the fluidic channel 10. In Figure 1a, the magnetic
30 source 1 is at a vertical orientation with its south pole directly beneath the fluidic
channel 10. At this time, the magnetic field produced by the magnetic source 1, as
experienced in the fluldic channel 10, is at a maximum. Accordingly, the magnetic

12



20 described by Figures 2, 3 and 1la; and [47] Figure 15 shows a
series of graphs that illustrate concentration efficiency as a
function ovoRie/sRses | | ati on frequency at different fl oWCTHGINNTOM3NG

t he enmbodi nent of Figure 8. 25 [48] Figures la - 1c shows the
effects of different configurations of the channel - na%net pol e

i nt er f acepariidlast 42 carer idugitaiad ag kging @ssemblednagtrepped whrthe dicstofm ohithe
the channg]., I n Fi s la- lc, the magnetic source 1 is shown at
differentﬁWPF%ﬂFﬂvﬁ%ﬁg'mﬁth respect to the fluidic channel 10. In
Figure la, the magnetic 30 source 1 is at a vertical orientation with

its south pole directl neath t.he fluigdic annel. 10.,. this ti

t he magnetlsﬁg} lrbhﬂ'-H'PoﬁhBE‘a MRINE ‘ésﬂ’dﬁ:ﬁe‘? lscmg%ﬁaégca,%h%éﬁ@ﬁe% %'?ﬁ!‘ggp
in the f4 ? Ghé MIRBNSharkR 105 At thils WEBthneIThe ARGGRSticNGEM, pidiicBadne the
WO 20091038536PCT/ SG007/ 000316 particles 12 are illustrated as bein

assenbl edmagnetiapssticatt, taseexrariessed in the fluidic ghangglatthels N longer gt
In Figure : e i ' t hat qikbhed

angl e F SMITHAS ATEL: 5 Htdpli perfeis iR 77 BHA o' B dkpersbthe e
field prodecedsbs rhagneiingfietiis neolonger ableate kol el drceigviowsiyhassembled
fluidic channel. 10, ..is nq |l onger at. a.maxiJgm netd .
particle mEgnedc RAIHCIEy @eaﬂygwesrelﬂ ﬂ@t@&e@ﬁ%?ggﬁﬁ%gjﬁe | Cﬁﬁg@ﬁ;&c
i's no | angafticdy @2t Gudred dhélshebn forpes Yioay shey contieuduseflowragitién ithe fluidic
particles 12 any longer in view of the force exerted on the nagnetic
10 particP@%n'leZ 1®1e to the shear forces fromthe continuous flow
within the fluidic channel 10. [50] In Figure Ic, the magnetic
source 1 is oriented horizontal to the fluidic channel 10. At this

i nstant, t[AGOyfégure ficelths magnstio aeskee Hyist prieniad hatizentabde dbe fluidic
channel 10. At this instant, the magnetic field, as produced by the magnetic source
15 1, and as experienced in the fluidic channel 10, is at a minimum. Accordingly, the
magnetic field is no tonger strong enough to trap the magnetic particles 12a and

said magnetic particles 12a disperse and rejoin the continuous flow.

[051] Figures 2a and 2b show a cylindrical shaped magnetic source carrier 22

20 with a number of magnetic sources 1 and 2 inserted in it, each adjacent magnetic
source 1 and 2 being perpendicular to each other. In the cylindrical magnetic
source carrier 22. The magnetic sources 1 and 2 are inserted inside the magnetic
source carrier 22 with their longitudinal axis being perpendicuiar to the longitudinal
axis of the carrier 22. In addition, and as shown, each consecutive magnetic

25 source 1 is arranged in a manner such that it is perpendicular to its adjacent
magnetic source 2 and, at the same time, both magnetic sources 1 and 2 are
perpendicular to the longitudinal magnetic source carrier 22.

[052] Figure 3a shows a magnetic source carrier 22 with a fluidic channel 10 on
30 top of it. The magnetic source carrier 22 is positioned directly beneath the fluidic
channel 10 with its longitudinal axis parallel to that of the channel 10 as shown in
Figure 3a. The magnetic source carrier 22 is actuated by a motor (not shown} and
spins in the direction indicated. When the magnetic source carrier 22 spins, this
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15 1, and as experienced in the fluidic channel 10, is at a m nimum

Accordingly, the magnetic field is no | onger strong enough to trap

t he magnetweo 2pR/08858¢ es 12a and sai d magnetic parti cl es PCISHGANSHE3 s

and rejoin the continuous flow. [51] Figures 2a and 2b show a

cylindrical shaped nmagnetic source carrier 22 20 with a nupber of
magneti c sausascthelmagdetc fielddptwaty batween @axina apd deipimaygivesidong the

source 1 a

ragnet i o CHGHE of g AuBfe BEEAHET oS Tk InaRa hd hinphd volefs decR Hehiden,
i nsi de t hanyago eidjacet perperchicularemagetai ashstidwan iin FagtyetZaianlelgur@ 3a,
bei ng perpendi cul ar to the | ongitudinal  axi f ne Carrierede.
addi ti on. X ﬂ%'@%wrd@g%“%ﬁ‘fﬁ'éaﬁﬁw%@P hedmiggy '%&“%é’ama
arr angedj Which SR BBIwSaT ANy {WB adijhcdrit pefiareinsilarithagndte due o &d‘,a apianing.
magneti c source 2 and, at the sanme tinme, both nmagnetic sources 1 and

2 are perpendicular to the |ongitudinal nmagnetic source carrier 22.

[52] Fi guwsﬁaggiﬁ%wm B?rFﬁ@é't? ot 1RO Ie g%ﬂ?cfleszgcc‘.’ﬂrﬁﬁﬂa@ {E'rlé:bﬁbéntrate)

channel e magn ource carrier
posi ti onedt ther mghget:mﬁaldarnammeatrlowt@ne viteamihel POIGB of the magnetic sources

| d | 1.el,

L gor o 3a(ethes B Are (En daé Bbe DL SJufle SPlnd 17 iy 4RUE it o
pelp mggywmp’”?hémm o haheaaber o ur%%“?? 5335'216 : m"gesmm@
carrier spi ns i s

magnet i ¢ m% asq of V‘&r@"@r‘ﬁt%@ﬂen%( h?a"‘éﬁﬂeﬁ?%?lﬂae’ﬂpgrlﬁ Ree &;S%ﬁbe Fﬁ‘gnet'c
I engt h of H‘éﬂﬁ;lésl YicpisC TR m#gnetﬁﬁaﬁ@%‘s”ﬁz ansl dehzighetixed HeS dipase

bet ween a t wo ad acent per I cular magnets as shown in Figure 2a

and Fi gur basla;nt@ cﬂne enalifplas flavcaysiemang, arﬁe&?@ﬁr&d alopgtilitheweeach thgnexdy
t he ”ﬁg_neh}a;rne‘tﬁ l5dly rqéwp’ﬁiecé‘au&m ehéb‘éﬁﬁ’ﬁsaw ate'Re- ﬁ‘ﬂbﬁéﬂ’iﬁd and
ue (0]

per pendi cu nagnet s I's spin I't shoul d”be noted
t hat t his emgerebled. particl es accunul ate (or concentrate) at the
magnetic field nmaxi ma at |ocations when the poles of the nagnetic
sources (either 1 or 2) are facing the base of the fluidic channel

10. As suqos4Mrae hiagngfc cyarticider 12 mres typhehllyhmage! ef swipet hmratx@ngeetic
sources 1 and 2 are po |onger facing the base of the fluidigc Snlnd
10, the mageRfiE (@ o A pSriTnc LGARARE nibndePl o TiEneEAIEpe

Thus, t he qERGRAktSatRA. tTined RSmbrtahtad SaBaNRLdteshl anst tﬁemmdmﬂcles

into the continuous flow systemand are carried along tjl tha reach

t he nex20 fdgexhibit noi eragngiic hysieresisme BMagRtc MYReD| @Spﬁ'ﬂst WOl pievent
are re-magnehl 266i@8Rdany applied magnetic field from assembling or dispersing the

magnetic particles and translating across the fluidic channel in general. This
translational motion of the particles is an advantageous effect of the device of the
present invention as the magnetic particles 12, when translating between two
25 adjacent magnetic sources 1 and 2, within a period of time (washing time Tw)
ptovide a washing step for the particles (and hence the analyte) and this washing
step is repeated continuously as the magnetic particle translates along the fluidic

channel 10.

30 {055] Efficiency of the device may be further increased by using, as shown in
Figure 3b, a meander shaped channel as used in conjunction with a plurality of
magnetic source carriers 22. This embodiment of the fluidic channel 10 serves to
increase the efficiency of the device of the present invention as the fluidic channel

14



15 assenbled. [54] The nagnetic particles 12 are typically made of
super paramagnetic materials and as such, are capable of rapid

r e- magnet iwaed8A3gddd demagneti zation. This is inportantPCASGIHTHN316 | S
optimal that the magnetic particles 20 12 exhibit no magnetic
hysteresis or "magnetic nmenory" as this would prevent (work against)
any appl i d@ ismgwedlongdted) ik, far greates yolume ataralyigimpe beinfecassed vilheore

ap| . nget | AL IAte oo

P s et SR s e ety AR Sink e PLH S G AP obBier Mi@mabely?

\me thVi Cﬁl ét{‘njal hﬂgp?ﬁqunmggfay?cabe?hed Wwinpﬁiglﬁelfes Fﬂm 3c
en ransiatin e en ad] ace magnetLC S r.ces a

W thin a SBeWBE SPIrGl SAPEHRAG % HEech ComboRiaD WRGLER Trongt Suspe

the pargd' géﬁfeirg)ﬁdﬂag{?@ﬁé A DSk WoBlcePBistibhRa rv sy s sketRali core of the

repeate as the magnetic particle translates along the
fluidic clsainalahapedfémitfd%]neltﬂgi ciency of the device may be further
I ncreased by using, as shown in Figure 3b, a neander shaped channel
as used in conjunction with a plurality of nmagnetic source carriers
22. This ¢oBejiFigure da shewvs laisthematianiilestrations ef \ee drappirion endataleasieg

efficiency of the device.of the present inventiaon flupdi
channel  VEAYRIHS @dﬁgg%g@ﬁ 86#88@?1@3%9&%05#“%%@9[ %{%@Q? Q(‘f.ij Egl:xﬁgs 12,
gr eat er 1y QbR P¢ afdafientatediBiuchahat theie ssspéetivd Southipelesesbifagng et base
thereby increasing the purity of the analyte Obt?l ed.. Alternativel ¥a
2 spi ral Pbia orannek 18hARmaNtengd abeue.od the saislarioRations otk madgel
Fi gure 3c 5w '?aﬂ%%ﬁh f'aRpY FBABAGH GIStheS@fhnngl $0NAUREXiHRN méghBtic
t he magnet 1 ¢ source 5 carrier Of Figure 2a. A magnetic source carrier
22 1ot at efieldn i eséahlishedc Gasrespondivglypithal reshepde maxiwac magashe fielgs
[ 56] Figure 4 h iG.i ' . '

r el easi ngagaﬁﬁe_ﬁec@‘\g??’%%ﬁé‘hh“: | c'lc%griil'gié éeg}%tjh"%gp %i'%gﬂgﬁﬁg‘%r@% ﬁ’g)lqcf h O'Iqut)a
nagnet i ©5 spltise dse hreagnefic IfieldaatitHese doeations elrops sbaplicte atmainimusi wntil the

respective south poles are fagi L he base.of the c I

nent i oned C r‘fef?eaf?a???rﬁﬁﬁ?g?'ﬁ\ ﬁ'@é{t'?m pgpsﬁﬁgnﬁgﬁﬁgpﬁgn%@ﬁfg%@gy
la, |b angehgratingnombRitng Araghbtiofielt e tiadseroedtioh8 agaimexi m. magneti c
field is established. Correspondingly, the respective nmaxi ma nagnetic

fields assenble the nmagnetic particles 12. As the magnetic source

@ rier ( 57 PRMAY fiRe StRindfiont AMcTBBRALEE the SeBeAbratiBRSEF RS ahbffum
rops sharply"to a mnimumuntil the nagnetic sources are Qriented

wi th t h2e magnetis fistd,dbefraagnegict pastidaa ddaIbehere espyedie magketia gagicles. In
maxi ma magpetl o elithsdaddifti £ ihdC idWi e 9attlkies to be detached from each
other, thereby decreasing the total concentration and consequently allows for a
washing of each magnetic particle 12a releasing any impurity that may have been
frapped during the magnetic particle assembly processes. Figure 4b is an
25 illustration of an embodiment of the invention that includes a magnetic source
carrier 22, a fiuidic channe! 10 above the magnetic source carrier 22, and a motor
42 to generate the spinning motion of the magnetic source carrier 22 in order to
vary the magnetic field applied to the fluidic channel 10. As in the embodiment of
the magnetic source carrier shown in Figure 2a, the magnetic source cartrier 22
30 shown here also has magnetic sources 1 and 2 arranged in a similar fashion as

described with respect to Figure 2a.
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[57] During the transition time between the regeneration of the

maxi mrum 20 magnetic field, the magnetic particles 12a behave as weak
magnet i c PpEOREGI0EES36 | n ot her words, this transition ti PETRGREAE0BTHe
particles to be detached from each other, thereby decreasing the

total concentration and consequently allows for a washing of each
magnet i c pi‘?ﬁ‘?]c'flsumai‘%@@aﬂrﬁyaé@sq-ﬂmmeﬂt paghetic reayrdeacerieeed? with a

t d dugi ' ' . Fi 4h |
o DB | gl O mEBASE. s6uR35 o MRt FR Y ARAFERE Saumetentadnike
! s o mogDNe Sou s pamiel 3 1 the: brovials tmaent 2 roBig dfapis
source car | i_nni |

t he nagnet"?]ésé%tﬁ:rz%&ggr?qr@?r gé W'ﬁ r?ﬁ"ﬂ%'" ﬁ'@ VH?Vaf'ﬂ'é%frébﬁégﬁ@nﬂfS ging will
appl i ed Sdrarstateltbémi iﬂstébdﬂﬂ&btallﬂg thSmividtH H%{)@prbdfh@qﬂfidiefchéhfégl. Figure

magneti c igure 2a, the nagnetic sour

%nce arrier ?hﬁwn in Fi ]
carrier 2223305 &Rk VIRY OF dhegnagreticaseiwee ccatien o Figuren§aland shogsdhe

in a sim laguidi | ri .1 h e . Fi 2 \\O
2009/ 038536 u'cf?éétzg%hﬁgiorg@% FE@?"@PEU??@% ﬁggg&gﬂsﬁbﬁ{@% & arodnd, fhe
magnet i ¢ SYGHEEEreAFE b themaghelic sourcerbamie52ntlgm et of thislemdadment if the

Inserted i, ]t | recunf erence. Un|.i ke t magnetic |
sour ce carr??%'ﬁe@%"%&%#%ﬂb%reﬁ? ﬁhgﬁéa%%%ﬁﬁrﬁ“b "P"SPBPP?;W epitiors will be
magnet i t0 stescileed mten melow vithi lebpettito Fiduretdle orientation of the

magnets and will 5 translate theminstead of rotating themwth
respect to the fluidic channel. Figure 5b is a top view of the

magnetic Sjo5op @imrers?@ruu@traiéis@ﬁoﬂne%n%éjirﬁ!@@ﬁ'@‘ tgg%ﬁﬁt@@hﬁ e 52

uni formdistribution of the magnetic source
ci rcunfer e fie cARiehdgrramerises s ploralist of eoncepiricTiirgaiS2a of52¢chitmt carry

enbodi menip4 ihe tdL£ _S@ur Ler ln.a l.ternati.ve .
enbodi men{méo ne?fﬁesﬁ\g/gﬁt‘?%n \%HI' ﬁ‘ég'g&r{%éﬁ'es-@% %'g’% &a?‘@% ?{ES‘E)W"E Hf the
r espect 1% §'aangiie sosrcq s9irieFisguinears alterinaties eatbeslimant dletheaRbesidrEml 56

t he mgneﬁggcmrlgférqﬁww%Bzg%?ioegllggﬁ?ﬁarri er 52 conprises a

plurality of concentric ri at carry magneti c sources
5a - 5d, respectively. The use of this enbodinent if the 15 magnetic

source carg] p2 in.an alternative enbodiment of the invention wll
be descri tg%ﬁ g[‘tére 30&%?{%' Ustratipng 8?151?@3{5\38”%0 SPGITE qaErgen 82 edth a
and 6b ar fuidld ¢ietnhal Honm @ 4 TRORALhGISKIUIES BfidH S | st i
fluidig chtannel 10 on top gf i.t. The ?r‘ragne%"(r{ Sgufrf:e{g %lp?lﬁlggbgplﬁrahty
i ncl ude’® 9 Fagngtic; ources 5 umfprmiy distributed around the circumference of the
magnetic source carrier 52. In this embodiment, the magnetic source carrier 52 is
supported by a supporting base 62. The fluidic channel 10 on top of the magnetic

source carrier 52 is in the form of a cross, i.e. a central portion with four arms

extending from said central portion. The arms extend over the magnetic source

25 carrier 52 and therefore, also over the magnetic sources 5 carried by the magnetic
source carrier 52, causes the fluidic channel 10 to be subject to any (maximum)
magnetic field generated/applied by the magnetic source carrier 52.

[061] In Figure 6b, the fluidic channel 10 is rotated about its centre of rotation
30 such that the axis Y — Y is also rotated, as compared to Figure 6a. The fluidic
channel 10 no longer extends over the magnetic sources 5 and is thus, also no
longer subject to the maximum strength of the magnetic field. Instead, it may be
expected that the magnetic field strength as applied to the now rotated fluidic
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20 of magnetic sources 5 uniformy distributed around the

ci rcunference of the nmagnetic source carrier 52. In this enbodinent,
t he magnetWo 2809068586 carrier 52 is supported by a supporCiIf$G20080e36:2.
The fluidic channel 10 on top of the magnetic source carrier 52 is in
the formof a cross, i.e. a central portion with four arns extendin
from sai d channelall0 psrai anmirimanar ksshouid ke sotad thd thegpesential quineiple

by the maghBrRRRp AR B AmgRt B Rl oR RS IR R ER S

by the maé] causes t I'C c anne
be subj ecimédhaaiyn (modilates) theagtrength 6f ¢hel :gegmtm édidafand éﬂemorehéhe

t 52. [61] In Fi the flujd
o ot at ednaiBe To6e) BB mBRelopatPE 130ndte AUEfhanad o PERAEHE
i's al so 4 @b #isictha.as conpared to Figure 6a. The fluidic channel 10 no

| onger extends over the magnetic sources 5 and is thus, also no
| onger subject to the maxi num strength of the magnetic field.

| nst ead, i e t G T t

bl 1 o t JOPRE FigkreC 7R ERat:R o' A BREREHbEY CrAbBARISHE NS thevention

channel 1@hese dhe magnahmﬁwrdet catheusa ingludes eanaemdic tings.os Juidic elnannel
rinciple. illustrated

Phero L he 10T PHBPEF 40p i tann wEian Moronn B Mt Ritol sl carer

the magnes2c Fﬁdaf@hﬁwg( ﬁ:ﬂdﬂgbﬂr Gfbor\ehlch Higusirgere ta Gtémbyc—ei)epoanMM of this

t ticles 12 hannel
e © [ Bttiodmatt & tha Inyaiion, MY the MHERwUC pecias 18 Sfieared at the
the i nventnl,@ﬁ Hmrrlﬁgt(m W%Qﬁﬁg?th‘é%é%ﬁétféasfduh’ﬁ cardictd®24.462d together by

concentric rings, a fluidlc channel a notor 42 to generate the
rot ati on rantangle wnfaﬂﬁ?(anugﬁe&Bdﬂ@@m’ﬂséwm fain the most Reeeepneptiicring

F 7b, h il t

crbodi men® 8¢ fenett abtsCartel BFE I ST IR IFARE Bindeh Irg shapnel
t r appediato theewnstatiomiar dricagh(fgm thy chahatli wiild bencmpmly| the magnetic
cour co. 5a SOHEenDd b LHE SRASIC GURBEALP I ey R EREgieats DL BPEL Bt
carrier 54g)vAd sud)tid n'faggﬂéilé tovcd Osabheatins fitdthoddienqAy e bk rdibini®and
new | ocatioh far enou romthe channel while concurrently, the

magneti c SIULILLSIO mﬁX't’f}?eatsz@JﬂF@“@'&‘B] er 52b will then be situated
beneath the channel at (B). As such, the magnetic force vanlshes at
the first location (A) to be mnim and increases to naxi ma at

| ocat i 020 ([BB3] JWe[rosg)etThearticlga d2i thep aavee aesieﬁgnb%ﬁaw@uefroraém to (B).

For oved Byt enaionRSabila Pl o e g e SRR E Rear I sopang
the conti rwpeéted dyatheoconiihubbe rmgmetof ctm magret s2aiers H2al- 5%t difteribe

I d h
(D), svadnalgrearaefefa pie Basqec ki ing pAERST Hag RRC apble SR

a stationagyy magnetic particles 12 may be trapped in a reservolr with a stationary

L _)

25 magnetic particle capture magnet (not shown).

[064] Figure 8a and 8b are a schematic diagram and an illustration, respectively,
of another embodiment of the invention. In this embodiment, the magnetic source
carrier 84a and 86a oscillates about a mean position to modulate the magnetic
30 field strength applied o the fluidic channel 10. The magnetic source carrier 86a
may function in solo or in tandem with an additional carrier 84a, as illustrated in
Figure 8b. The start position of the carriers 84a and 86a may be with one carrier,
such as carrier 84a for example, proximate to the fluidic channe! 10 while the other
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25 magnetic particle capture nmagnet (not shown). [064] Figure 8a and
8b are a schematic diagramand an illustration, respectively, of

anot her er¥8a@M¥RRS3Of the invention. In this enbodi mentPCTISIGRLOTRNIEL | C
source carrier 84a and 86a oscill ates about a nmean position to

modul ate the magnetic 30 field strength applied to the fluidic
channel léc.al'ﬂfﬁ'é%ﬁabﬂ%ﬁ'féalsﬁﬁmcéafgafihﬂné‘ﬁl QEa Byalfis @f@ngsmenk adnaxiglum

i n tande ' Al I 44 : ] K . i L i i \
ob. e ey REteR drhpaBlicsT % sBEGIRT UbLE F BUER A
carrier, shahnels1l;and eoredpandioglyeitenmiagnetic paitichesel2 wilt tendf fouassemble

h | 10 il.e the ot . 0, 8536PCT./ 07.0 '
soa) s dPLInY poaiiRe cd e e ) midtnete Mk SRRt (IS e
magnet i 65 ayridticsordey Rgnd ¢, on one side (either topside or |ateral
side) of the fluid channel 10, and correspondingly, the magnetic

particles 12 will tend to assenble at the |ocations at which the

gﬁgi |m§;n Y988} ‘Stubbbldtily2 iR SRRbt 88a WA BsdiPath hPmMERE 2RI CrERURE TRidi
channel 10 while concurrently, the carrier 86a oscillates and moves proximate to
the channel 10, thereby applying a magnetic field on a corresponding (opposite)

10 side of the channel 10. As such, since the maximum magnetic field is now applied
to a corresponding side of the channel 10, the magnetic particles will be attracted
towards said side. Thus, a dispersion of the magnetic particles takes place from
the original side at which the maximum magnetic field (due fo carrier 84a) was
applied towards the present side of the channel where carrier 86a now applies the

15 magnetic field. During the dispersion, as the concentration of magnetic patrticles 12
is lower, and due to the shear forces exerted on the magnetic particle 12 from the
fluid flow in the channel 10, the magnetic particles 12 get "washed”, i.e. any
impurities that are attached to the analyte to which the magnetic particle is bound

to get washed away during the translation from one point of a maximum magnetic

20 field to the next along the channel 10.

[066] Figure 8a is a schematic diagram of the path of the magnetic particles 12 in
this embodiment of the invention. The magnetic sources 1a — 1e may be from
carrier 84a and magnetic sources 2a — 2d may be from carrier 86a, for example.

25 As such, and as described above, the washing step takes place as the magnetic
particles 12 translate between the points at which the various magnetic sources

(1a — 1e and 2a — 2d) apply maximum magnetic fields across the channel 10. In
{his embodiment, a magnetic particle capture magnet (or a fixed unmodulated
magnetic source) 82 is placed at the end of the channel 10, or proximate to the

30 outlet, or at any other location along the channel that is convenient for extraction,

This magnet 82 assembles all the magnetic particles 12 previously washed and is

adapted to be removable from the channel such that the magnetic particles (and
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[ 65] Subsequently, the carrier 84a will oscillate and nove away from
the fluidic channel 10 while concurrently, the carrier 86a oscillates
and nmoves YP3WHEE86 t 0 t he channel 10, thereby applyi ndCH/S63¢)7€003¢6
field on a corresponding (opposite) 10 side of the channel 10. As
such, sinc herra m magnetic field is now applied to a

cor r espondk §F%ﬂ¥t qrﬂ@'%ﬁ@mevedl@lor\ghwttha@ riBeiebypzoropletieg the lisolation
attracted & yards said side. Thus, a dispersion of the magnetic
particles takes place fromthe original side at which the nmaxi num
magnetic field (due to carrier 84a) was applied towards the present

oo™ cur TREPERBee S e i R oY s 2o oA Sourcs
particles dé’mess |l viag ,altamdit[del@nthbdﬁrhentsdifeﬁgui'@Bﬁeﬁqeﬁ‘ﬁﬁgﬁéﬂc QBufcBarrier
magnetic p hefludflgwmthe channel t he

4Lcl e, 12 from%
Taonet | o pisd iAEeSTa Nadiele e 152 TBS carer 1aguie il athasitie1soa at
attached tgné pdasping @hémémﬂﬁhﬁ\tt% Eﬁgﬂﬁﬁ L {5082hd %ﬁ%r#éi[cb%mgetﬁz is

get washed away during the translatio rom one poi nt
magneti ¢ 20rignted yerie Mesuﬁbxﬂ”'abltﬁr$@ut|‘h§0bh§ndeseﬁdo thee@ariFiel dPethdesby

Is a sche f l,cl es

this enbogf?ﬁr%ﬁpgo%ﬂ’[%m%v@% rl]%iralct Pellﬁé[o ﬁ@gﬁg?ﬁ@ oUr“@géﬁ?t'g parpéeﬁ&% e
from fcarlﬂl mrr@mndm@{m@mtaﬁbawgssmb@d at the sm%nabbcbtlﬂmamrg{] th fluidic
86a, for e suc and as C abov t he washi ng

st ep takes%@@gata‘gﬁpﬁzh Ipyirg Magneg 'Esf@y lfzge[npgq{g ate between the
points at which the various nmagnetic sources (la - le and 2a - 2d)

apply maxi netic fields across_the channel 10. In this
embodi nent P&Jég]% HENbar thee (camisspiaf eralsgaleng ( Bte dluidigeehannel through

unnmodul at esheiRHCHE0HSOUISEA KidoreS rdhHhRS ﬁ%;ﬂo‘i\ewﬁ? Buriid® i 38ron

10, or proxinmate to the 30 outlet, or at oth ocat1 on al ong
channel 18 rhatwesn @@ﬁlﬁl@m"@ﬁﬁ aner159et (1.acef I@mltloﬂm S0bagA80dB mammbtlteﬂeld

enmovan! o TETeHrion®id chafifel fo NAKES i HRCHERNART, APaSHRE' SlotionBe
ZOOﬁ/ 0385359@&¢1§m2mﬁ¢ldﬂbehssﬁmbleld |i‘aagﬂ1@'ﬂ08|sart|alee 2 alopasiiary ¢50i&|m)b@ce
withit, t o) t he ol ati.on ure9a

o G o op LR AR SRt WeiREenaR ShteRsota B aebdletiots e, ondious
In the al tf&ﬂmabwvw(tmhddnmﬂhte WasHm@ et Q@Lpré\h@uémﬂ@%ﬂ!b‘ecﬁ%h %spect to
carri ergéfig?l ncl %?ga netic source 152. The carrier 15

initial pﬁ%\gwq 6‘?‘5‘ i3 aBR¥e-end of the channel 10. At th| s
position 150a, the magnetic source 152 is oriented vertically such
that its south pole is closest to the channel 10 thereby applying a
nmaxi mum nelf68f iUpa &arhing pasitiendHfel the magnpiist partiplest 12 |ass deaagain

subject to @ maximum magnetic field as applied by the carrier 150, which is also at
said position 150e. Accordingly, the magnetic particles 12 reassemble at the

25 spatial location 150e, thus completing one washing cycle. This cycle may be
repeated over the entire length of the channel 10 in order to improve the purity of
any analyte attached to the magnetic particles 12.

[070] Figure 9b is an illustration of a further alternative embodiment where a
30 magnetic source carrier 156 has a quadruple pole magnetic structure. In other
words, it has four magnetic sources 154 uniformly distributed, each at ninety
degrees to its preceding magnetic source. As above, when one of the four is
oriented in the vertical position, it generates a maximum magnetic field, which
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10 correspondingly attracted and assenbled at the spatial |ocation
along the fluidic channel at which the maxi num magnetic field is
gener at ed. WOR#B[03838bsequent |y, the carrier 150 rolls alPERFGRHEN00316
fluidic channel through positions 150b - 150d before reaching
position 150e. During the transition 15 between position 150a and

150e (i . efungtiops st desrsibed abaves AP ast MENHARAL@PEVe theg MEshetie foLre
h h . S . . i .
the c anhsémla,?gsﬁglf gﬁ?sﬁhﬁﬂ&rﬁ%lt%@%bf@%loﬁ@%@ieﬁgtcﬁfgﬁ% ghfa.@Shannel1o.

i nsuf ficieéent e asse magnet part _ at position
150a i n pUatilees theypresioge embislineakth sinch cheragmier 166 phthis embsodiraentihas four

as” pr evi olBUReRSaa Y WAt g ddscal TRoaRoh SO mERBelT TR e, B
above. 5[ f8udgof Kaehide: pexinummaghstic fidids teguretdia hgher rdtethd®in
are once again subject to a netjc field as

| | by t
carrier 1¥® Pf%ﬂt@ﬂ@ﬂ@!ﬁ%eg@éégf?u%tgggwﬂm‘mwe W@ﬁ%ﬁ&%&%ﬁ %taﬁgjee
magnet i c péﬁéﬂa%cﬁﬁ;itﬂ% di ?&Hﬁérfo%eﬁﬁ&gﬁe’iio%&&é@éar‘ri@ﬁ%ﬁ @8 cohfdared to

t hus conpfeting one washing cycle. This cycle may be repeated over .
t he enti r eay thegmhgogtic smireh aamier 139, fonexamele. to i nprove the purity of
any analyte attached to the magnetic particles 12. [70] Figure 9b is
an illustration of a further alternative enbodi nent where a 30

magnet i1® JORTERiguaer 1@ris obtieasillastoatiodr oplaa plbéreativy embadiventsthere .a
In other words, it has faur netic, spurces 154.unifqrm . .
di stri but BRINEliE sourcen padey 1BEdsea gl o Haareln ngvsHh drssentally tis
As above, phape 9BE tidret e fRUMmdgPetit iseFRe 1 Notdted war the alagnesictsounce
it generates a nmaximum magnet ic field,

; whi ch WD

2009/ 038588HEr/16E2H059rd gl 8bPYA Y RASentdesfwrriing GYelFd vRaY be ggngisted

ment | Onedmﬁn%’g‘rng§{?otﬁ??&{‘§¢]ih‘é PAGhét: St Rarert160Nas Rbmpapé el 8BYthe
e length of the fl I I

transl ates along™t ui di c channel 10. Unli ke the
previ ous erdgneticeaurcesiantar t3feiaraxamgle.156 of this enmbodi ment has
four magnetic sources 154, the rate of nodul ati on of the nagnetic
field, i.e. the 5 frequency of successive nmaxi mum magnetic fields
occurs at [072] Biyrerttzg Tiheand rificharepplotographexafnuitaalyerehbdidienimof the

Fotat o bNephen s TREatho bt EISwaR! pey 78sad. ok gnphr dyBs A Repibed
magneti ¢ §BEVE Cedul dmBbdibfeit ifdlidexipmhasic feature of a magnetic source carrier
20 22 and 52 including at least one magnetic source (not shown), wherein the
magnetic fields generated by the respective magnetic sources, and as applied fo

their respective fluid channels 10, are modulated by a movement (spinning,

rotation or oscillation) of the magnetic source carriers.

25 [073] To test the devices efficiency for magnetic beads concentration and

purification three solutions were prepared. These solutions are:

1. Magnetic particles suspension of specified dilutior;
2. Non-magnetic particles suspension of specified dilution;
30 3. 1:1 mixture of magnetic & non magnetic suspension of above specified

solutions
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10 [071] Figure 10 is another illustration of an alternative

enbodi mrent where a magnetic source carrier 160 has a dual pole
magneti ¢ sWOQewOsss3é Essentially this nmeans that there ®CESGRW7/000316
magneti c sources 1 | ocdted on the magnetic source carrier 160.
Accordingly, about fifty percent |ess washing cycles nmay be generated

with a si nift#d] Dracopaeirationeefiigigney itestskiag beer faneeby 1EBsng sdlutien 1)

t th ti j , : 7 j

1o b o RE, SErSfl A KRS R 160 whlle BHOGMG: TP glai i
i nventi on ecncehiratiom aeiidacyy ﬁieguelaﬁv@aabsmbamé 3, theespestei gahplesAwas
mmgnet o sOARSGeEAuANS 130o0aTd amaie (HHET i HdResampIE prd Rn st brqysh
sour ce (BOheShRYARtic Wystept)NuéiRg drapaetroshdtbbits. dRBRTAVER, Be thifnber of

respective magnetic sources, and_.as applied to their respective fluid

channel s 102ads RefRERIN Riecsprppie Deferectnchaitersipiastipn o the systeghwas counted
oscillati : %ﬁ?g@,&;}ﬁ ﬁféu{ i ;i t the
devi ces ef rgl"é?%ncy 0 na%ﬂr?gt I C de}gzggﬁ%%dnlﬁééﬁglsﬁté)( éﬁqglr?@]%ﬁrl i cation

three solutions were prepared, These solfutigsp are: 1. Magnetic
particles suspension of speciq'qné‘c’:r‘t"di“’loﬂﬁ M oR x1Q8 magnetic particles
suspensi on of specified dilution; 30 3. : xture of magnetic & non

magneti c sQ$panmbEr 6ff thabmugnsie obhds th 39¢ wahs belfre the injection into the
2009/ 038536PCT/ SG2007/ 00031 [074] The concentration efficiency test

has beedCd®#EMy passing sol ution (1) through the system and

col l ect i ng(t;)%hﬁumétr Bf ﬁﬂragEHﬁé gérticiéet t ﬁa?pteﬁ i iR g}%?@@%éﬁéén?ﬂéted

ef ficacy, e relative sorbance o wast e sdnpl es was neasured
agai nst t h@3chiumber ok umiiapped megnetie patticles sanpl e prior passing
through 5 the magnetic systen) using a spectrophotoneter.

Al ternatively, the nunber of beads before in the sanple before and
after injef?15)rd enddsairs fis¢ sampis lossuthradhutienfiuidicheleamrayt 9 merealization

concent rlgttleg wgé ]:jloﬁtla %ry}cp}/as%%ré s%?n (Ia\ff)nthpa/ﬁgh the channel and collecting the waste

at the outlet. The number of particles was quantified by counting the number of
particles in the samples (from the outlet) and comparing it with a control sample
using a haemocytometer. This gives an approximate measure of the loss of
particles during typical run of immunomagnetic separation (IMS) experiment.
20
[076] The purification efficiency of the system was measured by passing soiution
(3) through the system and collecting the waste sample at the outlet and using the
haemocytometer the non-magnetic particles were counted and compared to the
control sample by considering the loss. The purification efficiency can be given
25 by:

Purification = [1 ——Q—ZQ—I——Q-J x100%

30 Q1: Number of the non-magnetic beads in the sample before the injection Into the
sysiem
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I Concentration= 1- -@ x100% QL QL: Nunber of the nagnetic beads
in the sanple before the injection into the 10 system @: Number
of magnet iWOB8PB%Pes t hat trapped in the system ( conc@GTiS&RedN00316
@3: Nunber of un-trapped magnetic particles [075] To neasure the

sanpl e | oss throygh the fluidic channel, a nornalization 15 test was
dogg by pa@gi: E&"ﬂ%’?&tfé‘o(‘ﬁagﬂﬁt'ﬁm"ﬂ%méhﬁ%te sapleol | ecting the

waste at the Nuhbarof bE&@sWéys@ém@ﬁiﬁb?ﬁ@%@%&f@'ﬁ%ﬁi ed by

counting the number of particles in the sanples romthe outlet) and
conparing it with a control sanple using a haenocytoneter. This gives

an appr oxi f f ti.Iesrﬁirin typi.cal ruyn of
immggnagngﬂﬁ ‘@ s aga% glﬁ]ov%et[]%ﬁ’ gﬁ%tgrolf %qqe%gcpa %963109'%%&‘“0“5 using the
puri fi cabi embefinernitei@igofest Re3ay andm 1pat dRPOHENORYrabeS B0Wylimin, 300
sol ution ( hr, t;ﬂl system and col l ecting the waste sanple at
t he outlet‘:}%'ﬂ ﬁﬁﬁ%}"t Z'“Hﬁermcytorreter the non-nagnetic particles
were counted and conpared to the control sanple by considering the

. Th i.fication efficiency can be given 25 by: Purification
l_ %is © i_)d"lira] IJ-'igure 13 shows snap ghots of magnetic particles concentration using the

embodiment of Figures 5, 6, 7 and 11b;

10
[079] Figure 14a shows a conceniration efficiency of the system described by
Figures 2, 3 and 11a at different flow rate of the sample in the fluidic channel and
Figure 14b shows estimated purification efficiency as measured by the system
described by Figures 2, 3 and 11a.

15
[080] Figure 15 shows a series of graphs that illustrate concentration efficiency
as a function of the oscillation frequency at different flow rates using the
embodiment of Figure 8.

20 [081] it should be noted that the exemplary embodiments described above
merely serve to aid in the understanding of various aspects of the present
invention. Accordingly, said various aspects of the present invention are not to be
construed to as being limited to said exemplary embodiments, but rather, as
defined by the claims that follow.

25
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(1 22 - 1x100% 30 QL: Number of the non-nagnetic beads in the sanple
before the injection into the system W) 2009/ 038536PCT/ SG007/ 000316
@: Nunber of non-magnetic particles in the waste sanple g: Nunber of
beads |l ost in systemduring the | M5 experinents [ 77] Figure 12
shows snaflai$ s of nmgnetic particle concentrations using the 5
enbodi nent ,of . Fiqures, 2, 3a , and 1lla at different flow rates (200
1/ nun, 30Whetis e 560 | /min; [78] Figure 13 shows snap shots of
magneti c particles concentration using the enbodi ment of Figures 5,
6,7 and 11b; [ 79] Figure 14a shows a concentration efficiency

of the syste R e Nnd I i€81af : b dhek ehibl
rate of tﬁ'e g@% TOE t?’ue ?ﬁu gi Icé?hgﬁﬁg?gﬁe&gf%?%@ﬁegd@l@ é%gvxg u&.ﬂ;
esti mat edfgy fiol inaitileust ehbifkie eMadel FRARY S6ifkt dtimesartd &M g6 setikbed
by Figures 2,3 and 1la. [80] Figure 15 shows a series of graphs that
i | | ust r at &t awtheneéndtsaichdevite coaneigims a function of the oscillation
frequency at different flow rates using the enbodi ment of Figure 8.
20 [081] It aHeasidrnsemagnelic sturce chAgianasrgsigedyprexibale te thesatdeastrareed
above nerely serve to aid in the understanding of various aspects of
the preseiidicihannebvheteinoit@ algleast ang magnetis pouses atrier ds mayeable
present invention are not to be construed .to as .heing |jmted to said
ol ar yDERGSH e G POTRN i ar SecRedBes gy 55/%: Hoarhphe AGRets
fol I ow. Z2Surce carrier comprising:
at least one first magnetic source, and
at least one second magnetic source;
wherein a movement of the at least one magnetic source carrier to the first
position places the at least one first magnetic source at a first spatial location
along the at least one fluidic channel such that said at least one first magnetic
source generates a maxima magnetic field at said first spatial location that
attracts the magnetic particles from the continuous fluid flow and assembles
said magnetic particles at said first spatial location;
wherein a movement of the at least one magnetic source carrier to the second
position places the at least one first magnetic source distal from the first spatial
location such that said magnetic field at said first spatial location is at a minima
and the magnetic particles disperse from said first spatial location; and
wherein the at least one magnetic source carrier further comprises at least
one second magnetic source, wherein said at least one second magnetic
source is arranged in a spatial arrangement with respect to the at least one
first magnetic source such that the movement of the at least one magnetic
source carrier to the second position places the at least one second magnetic
source at a second spatial location, which is downstream from the first spatial

location, such that said at least one second magnetic source generates a

maxima magnetic field at said second spatial location that attracts the
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Clains What is claimed is: 1. A device for washing and isolating
magnetic particles froma continuous fluid flowin at |east one
fluidic channel having an inlet at one end and an outl et at another
end, said device conprisin at | east one magnetic source carrier

arranged pegReHapart &f}ﬁ@mghe ceatnuaeflyid fipwi ancassamables waisk waanetie
at | east one pagneti¢ source carrier. is noveable between a first

posi tion @Wﬁcggégéﬁﬁgsﬂﬁgi§ ?|&5ﬁh°51 | east one magnetic source
carrier conprising: at |east one first magnetic source, and at | east
one second magnetic source; wherein a novenent of the at |east one
magneti c source carrier to the first position places the at |east one
first magnetic source at a first spatial |ocation along the at |east
one flui dpcThRagaEte sakdordingt tos aidimatl, MARSEINOH Mddetidranate Ccffibf ce
generates a nmaxima magnetic field at said first spatial |ocation that
attracts tdraprisgmet ¢ydingar trahgsdfgrorintdte todhti fiuidicscHdnmet] Wherwiratiee
assenbl es said magnetic particles at said first spatial |ocation;
wher ei n acylidenisnmoweablaeiaa rotdion abowt agaptraldosgitudiealeds.i er to the
second position places the at |east one first magnetic source distal
fromthe first spatial |ocation such that said magnetic field at said

i sper ce. 1 Shesdraer et dl Paflabch: FOIIe Mt SPRS Ger
| cast OneARBNEL § ROLLRS G LhRlertil LIRE MRIPEL SRRk AT Ino0ge i

second magneti Cc source, el n sal east one seton

sour ce i SpRkkbaRgsta atofatidRHbt itgrorr-%ngement with respect to the at

| east one first magnetic source such that the novenment of the at

| east one magnetic source carrier to the second position places the
at | east one second magnetic source at a second spatial |ocation,

whi ch i s 4lowhst dedce facoordihg foi clims pawhereinothet magnediccsourhat carded
at | east one second magnetic source generates a maxi ma nmagnetic field
at sai d seypptsepa platformcatrpbaed Haraliglt foathss fluisic chagnek iwhegyain the es
fromthe continuous fl H d. flow ar:":l ,ass%nbl es s(?,i d npgnetic particles
at said s%'é‘gﬂﬁﬂéi)a‘tqvﬁﬁ |eo‘6%ﬁ”c9ﬁ illation about a median axis.

5. The device according to claim 2, wherein the at least one first magnetic
source and the at least one second magnetic source are in an equidistant
alternating spatial arrangement along the central rotational axis of the cylinder
with respect to each other, and each of the at least one second magnetic
source is oriented to be perpendicular to its adjacent at least one first magnetic

source.

6. The device according to claim 3, wherein the disc comprises at least one

circular ring.
7. The device according to claim 6, wherein the at least one circular ring

includes the at least one first magnetic source arranged along its

circumference.
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2. The device according to claim 1, wherein the magnetic source
carrier conprises a cylinder arranged proximate to the fluidic
channel, wherein the cylinder is noveable via a rotation about its
central | ongl_i tudinal axis, 3. The device according to claiml, .

wher ei n t Re TREFFMG 28eRIHNY toarkaina 6 b fpmhasgingthe; glécéuﬂawg@@nprlses
concentric_to the f]I ui.di c chanrtlel er etgn the dlsc| IS, rmv%abl.e Vi.d';l a
rotation 2BOWIEr CIFGUIGF figemcongentig fo g ptleast el @rhglal 5ingr whsfain sai

baral | o1 BooTRE icer BHGTBCkRlE' fo STREMIhGT BRA BUARE TR e,
an osci | Ig;rgﬁgedg?% ifs RAnBrehdeS: 5. The device according to claim

2, wherein th ast one first magnetic source and the at |east
one second magnetic source are in an equidistant alternating spati al
arrangenment along the central rotational axis of the cylinder with
respect t9. €heldesicecaccontidgdadaiorf 81 Wwherdin feasat lezisé ose minsdlamainpgednd
source is oriented to be perpendicular to its adjacent at |east one
first magihearoteeieicalar g1g Figemoreakle i@dﬁﬁﬁf‘ﬁeﬂgo% each aiher3, wherein
the disc conprises at least one circular ring. 7. The device
according to claim6, wherein the at |east one circular ring includes
the at le

ci T cunt er (B G0bé SreSAHT L CaBt, G BRAFRHS HrerSenadiet and ne

di sc furt ﬁqﬁ : I Cli j i Ot dMh et

| east oneggercgﬁ ar%i i nlg, 'Jgrgeciaﬁhésﬁéﬁgﬁg%ﬁg’ycﬁﬁﬁgﬁwgﬂ_@ldrr?gd]lj nc eit' es
the at | egssitionsy e RRAITRABR! beterH, CAhPif@MBRAc FnaRfel fi§s along the
circunference. 9. The device according to claim8, wherein the at

| east onemediarubds abbapwhith theglatfwihesciltdtesul ar ring are noveabl e

i ndependent of each other. 10. The device according to claim4,
wherein the platformconprises a first and a second magnetic source
carriage arranged such that the fluidic channel is positioned in
paral | el 1heflee devigeerrcosding taslaimui @i whereiming af |east anedigst magnelis an

axi s about which the platfprm osci.l #gt es. ., 11. .The device according
to clai mﬁ‘&i{r"ﬁﬁ%ﬁéﬁaﬁggﬂ@t Isqratespoig a'PPQé'E'e#ﬁﬂd@?%ﬁt&oﬁ?‘t@ei@“age
q . . ¢ : . _ .
and 1 he. o S48 B SHEOeT kB0 Rl e TESARGFG O Ui TaREbpinRE”
. | : .
points a Ql'aﬁgtth@séﬁ&éﬂgﬁusa;&?%g?&gﬁg%gggég%hf’rlﬁtﬁé"éﬁahgéheh%f each .

ar r angenent f eac rst magneétic source IS

di stal tocendientitebninist ore rehAReMEtY Sodtcd BadttaPRe a PetwWERGNEHd C
sources of the second magnetic source carriage. 12. e device

accor di ngcamsecutivenat leastheneisecohed magredticasaurcbe of ehersborad nabgnetic

source carriages oscillate independently of each other.
source carriage.

12. The device according to claim 11, wherein the first and the second

magnetic source carriages oscillate independently of each other.

13. The device according to any of the preceding claims, further comprising a

mofor that drives the movement of the magnetic source carrier.

14. The device according to any of the preceding claims, wherein the at least
one first magnetic source and the at least one second magnetic source are

embedded within the at least one magnetic source carrier.
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13. The device according to any of the preceding clains, further
conprising a notor that drives the novenent of the magnetic source
carrier. 14. The device according to any of the preceding clains,
wherein the at | east one first magnetic source and the at |east one
second magnetic source are enbedded within the at |east one nagnetic

1l e, i D dpKES acbPRIEE Yo a0y £t Pepibcik BRI e hSrE 1 ot et
cccor i ngous T e R daa G SRS Codprn berbifeREi hiagts ene:

one cathé% g@ﬂe@hbg_source proxinmate to the outlet of the fluidic
channel . %. ystem for washing and isol ating nagnetic particles
in a continuous fluid flow, said system conpri sing: at | east one
fluidic channel having an inlet at one end and an outlet at another
end; and 16. Tka dbdestacooelimpinetny of theupreeediagrdl@imsafurdvegadnpsrisingrat e
to the at | east one fluidic channel, wherein the at |east one
magnet i ¢ l€aet osec sapivse megnelice svuech growaata i thsr qudlet taf otheafldidic
second position; said at | east one magnetic source carrier
conprisin@haQﬂeLleast one first magnetic source, and at |east one
second nmagnetic source, wherein a novenent of the at |east one
magneti c source carrier to the first position places the at |east one

~first nagpetj j j al j | I t
one- 11 ur ot £ A RYERH] 8 st ohd AT RaghP6ChafBIuR et Bls I .

gener at esfi@y Neaid BYsteRPBShpAsihgel d at said first spatial |ocation that

attracts the magnetic particlés fromthe continuous fluid flow and

assenbl es saitdieaBy DAk ifluigiardhannes hatingaar ifler at ohRadnd Nt ofRougst at
wherein a novenent of the at |east one magnetic source carrier to the

second poamnathenepd;zoes the at | east one first magnetic source distal
fromthe first spatial |ocation such that said nmagnetic field at said
first spati adt lpasianegnapgetig seuRe sRMeraftanded nrayimate do g af lepsione
di sperse ]Ildlg{g cﬁ‘naain% I,iv{fﬁetrelsrp ﬁ\tel éail Ielag’[C gltlé Cr)rqla;lgnaert]i(cj: source carrier is moveable
between a first position and a second position; said at least one magnetic
source carrier comprising:
at least one first magnetic source, and
at least one second magnetic source,
wherein a movement of the at least one magnetic source carrier to the first
position places the at least one first magnetic source at a first spatial location
along the at least one fluidic channel such that said at least one first magnetic
source generates a maxima magnetic field at said first spatial location that
attracts the magnetic particles from the continuous fluid flow and assembles
said magnetic particles at said first spatial location;
wherein a movement of the at least one magnetic source carrier to the
second position places the at least one first magnetic source distal from the
first spatial location such that said magnetic field at said first spatial location is

at a minima and the magnefic particles disperse from said first spatial location;

and
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wherein the at | east one magnetic source carrier further conprises at
| east one second magnetic source, wherein said at | east one second
magnetic source is arranged in a spatial arrangenent with respect to
the at least first nagnetic source such that the novenent of the at

| east one nayheteit theratleasitens magnelic spercescastier iysber Femppses atleggk

at | east one secoa?ﬁqgganeti C sourclgl%at a I'S c

d stpatial | ocation, .
whi ch 15 OaEEpe lic [9UFE oWhein Rad Bbdsastoone Spean hraﬁge%ﬁwdl d
t t ti i i |
At said sg@ﬁﬁéqg%Eﬁﬁé?gﬁﬁc%t%Péﬁé‘[%@?@?ﬁ?@i@@h?E%Sﬁﬁ%ﬁ%ﬁ firs€.s
from the FRBNEAISHSICESich EPYRBRRATE: 15 SedsBARRId T les

at said second spatial location. 18. The system accor to claim
17, wher egdrriehe tRgseidne mmd}e[)ra@ég g8 af RIZRE bAE Sedofdy MdyiRticaouptged
proximate to the fluidic channel, wherein the cylinder is noveable

vi a a rotata secaibspatial ocatioh rwhich dmdownsirearh feom she firkd spdited Iegasibam
according to claim 17, wherein the nmagnetic source carrier conprises
a di sc argughy&ptcenid et last pet pecandiimugnetinasmute gensraies ahpadims
is noveable via af r&t ation about its origin, 20. The system ,
accor di ngm@gneliaitigld At Al sprenthshalighdesationothatcaltigets dbe dpagpetices
a platformarranged. parall.el to.t. fluidic channel , wherei.n the

o1 bt £ or m PRTRGSARER 4R FAMR QST Sonoahd pSeA B B MEGRRLE PaliEiesre
system ac%p{%, R4 gé@ﬁépla&ﬁ&{ner ein the at | east one first nagnetic
source an e a? I'east one second nmagnetic source are in an

equi di stant alternating spatial arrangenent along the central
rotational axis of the cylinder with respect to each other, and each
of the at |east one second nagnetic source is oriented to be
perpendicular to its adjacent at |east one first nagnetic source.

22. The s{&t Ehe systemnliacgotding itaiataino 17 whvbeedin theendgseticc souncesesTiat

| east one circular ring. 23. The systemaccording to claim 22,

wher ei n twaﬂw%as@yhaa@r areededrprreximpte e the fbidisechanneb aghereie the

first magneti.c source arranged al ong i circ erence. 24. The
Syst em acoBRdenE Ve roretiod Hanb s Ernrellone Biival cndie;
conprises another circular ring, concentric to the at |east one
circular ring, wherein said another circular ring includes the at

| east one i ; i i
e Tha oy d oo oY SRAT L6y 6 BideY, #ORMCRLIR e ol Uk ier

circul ar gdmprigeda dhe ARMJRT coHdePticio the TBiicEE Shamys aRherdin BRPGisE ant
of each other. 26. The system according to claim 20, wherein the

pl at f or m morpableeda a rbtation abwdit #s oeigoimd magneti c source carri age
arranged such that the fluidic channel is positioned in parallel
t here between, and the fluidic channel lies along the nedian axis

about which the platformoscill ates. . . )
20. The system according to claim 17, wherein the magnetic source carrier

comprises a platform arranged parallel to the fluidic channel, wherein the

platform is moveable via an oscillation about a median axis.

21. The system according to claim 18, wherein the at least one first magnetic
source and the at least one second magnetic source are in an equidistant
alternating spatial arrangement along the central rotational axis of the cylinder
with respect to each other, and each of the at least one second magnetic
source is oriented to be perpendicular to its adjacent at least one first magnetic

source.
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27. The system according to claim 26, wherein the at | east one first
magnetic source is arranged at discrete points along the first
magneti c source carriage and the at | east one second magneti c source
is arranged at discrete points along the second magneti c source
carriage such that the arrangenent of each consecutive at |east one
first magpeti,c source is distal to between two consecytive at
st onc2Z et tarRaceting i clath o, MBroB iR dvnabre i ped o
carriage.imq§?¢@£e system according to claim27, wherein the first
and the sBt0 jneti c source carriages oscillate independently of
each other. 29. The system according to any of clainms 17 - 28,
further conprising a notor that drives the novenent of the nmagnetic
source capdiFhie syslem &BCoslitty RcRaA X ivigereth Y aPfeast ah8cikltardthg
wherein the at | east one first magnetic source and the at |east one
second neigokesles dloeir e kast eoheddied \wadnetict eouate | agrahgede atomgnets ¢
source carrier. 31. The system according to any of clains 17 - 30,
wher ei n té¢iecumferenest one first and second nmagnetic sources conprise
per mmnent magnets or el ectromagnets. 32. The system according to any
of claims 17 - 31, further conprising at | east one capture magnetic

i h et of fluidic .. 33. The.
Syst om acebr gy gmatgofing o eim 27 or 28 Wk 3RR O sufes cabrions,
systel _. v 52,7 o Vet o
and out| et oy chauRL A inc bl RO, ek ot PREURE NG inblsly sl
froma comdtir el Aing| A¥UBS dihel 8RSbagNenk dbebriy Gagalc RS

an inlet at one end an outlet at another end, sal

conpri si ngrranged @ppgYisngrodimfagmeki ¢ field froma first magnetic
source at a first spatial location along the fluidic channel thereby
attracting the magnetic particles fromthe continuous fluid flow and
assenbling said magnetic particles at the first spatial |ocation;

nmovi ng t hédf The sysieghaccerdit i elaie) 24. iwrereth theeat |lagistione ctignles| nngLich

h h ti ield at id first tial it decr eases
tsu? ]E i E:i Sngrﬁl H}eeoérﬁ:qgglgq? grqtﬁar l?r?d are rlng%/eaglgallnagper%%%lt 0%‘ ggch other.

26. The system according to claim 20, wherein the platform comprises a first
and a second magnetic source carriage arranged such that the fluidic channel
is positioned in parallel there between, and the fluidic channel lies along the

median axis about which the platform oscillates.

27. The system according to claim 26, wherein the at least one first magnetic
source is arranged at discrete points along the first magnetic source carriage
and the at least one second magnetic source is arranged at discrete points
along the second magnetic source carriage such that the arrangement of each
consecutive at least one first magnetic source is distal to a gap between two
consecutive at least one second magnetic sources of the second magnetic

sgurce ca rriage.
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a dispersal of the assenbled magnetic particles fromthe first
spatial |ocation back into the continuous fluid flow applying a
magnetic field froma second nmagneti c source at a second spati al

| ocation, downstreamfromthe first spatial |ocation along the
f1uidic cB&nABe, syHemepgcardindade i siyim e ntlaersin dhedist andsther sacend

oS s Sag ST BRI S Ralfe |, 2, L1

relative to the fluidic channel such that the nmagnetic field at said
second spatial position decreases sufficiently to result in a

di sper sal o@f - | | ©F e8qaf - al
ooat | on Back Y SSRREXAIGRALTY ¢ Bis P15 20 LPg EERRRT e FRABLY
34 furt hethat aipés HeovemendBPing Melgheti®enate Gafigtl d from an at | east
one capture nagnetic source at a capture spatial |ocation proximte
to the outlet of the fluidic channel thereby attracting and

assenbling the magnetic particles fromthe continuous fluid fl ow at

t he capt ué@ Epesysiem gseerding taaaay of claimaovi n@9% avherainghetatdeast one

particles_assenbled at the capture spatjal |ocation. .
first magnetic source and the at least one second magnetic source are

embedded within the at least one magnetic source carrier.

31. The system according to any of claims 17 - 30, wherein the at least one
first and second magnetic sources comprise permanent magnets or

electromagnets.

32. The system according to any of claims 17 - 31, further comprising at least

one capture magnetic source proximate to the outlet of the fluidic channel.

33. The system according to any of claims 17 - 32, wherein the at least one

fluidic channel is straight or meandering in shape between its inlet and outlet.

34. A method of washing and isolating magnetic particles from a continuous
fluid flow in at least one fluidic channel having an inlet at one end and an outlet
at another end, said method comprising:

applying a magnetic field from a first magnetic source at a first spatial
location along the fluidic channel thereby attracting the magnetic particles from
the continuous fluid flow and assembling said magnetic particles at the first
spatial location;

moving the first magnetic source relative to the fluidic channel such that

the magnetic field at said first spatial position decreases sufficiently to result in
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a dispersal of the assembled magnetic particles from the first spatial location
back into the continuous fluid flow;

applying a magnetic field from a second magnetic source at a second
spatial location, downstream from the first spatial location along the fluidic
channel, thereby attracting the magnetic particles from the continuous fluid
flow and assembling said magnetic particles at the second spatial location; and

moving the second magnetic source relative to the fluidic channel such
that the magnetic field at said second spatial position decreases sufficiently to
result in a dispersal of the assembled magnetic particles from the second

spatial location back into the continuous fluid flow.

35. The method of claim 34 further comprising:

applying a magnetic field from an at least one capture magnetic source at
a capture spatial location proximate to the outlet of the fluidic channel thereby
attracting and assembling the magnetic particles from the continuous fluid flow
at the capture spatial location; and

removing said magnetic particles assembled at the capture spatial

location.
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