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CONTI NUOUS 'MAGNETI C SEPARATI ON OF COVPONENTS FROM A M XTURE 5 FI ELD
OF THE | NVENTI ON: The present invention relates to a magnetic
system and apparatus having a nulti-di nensional gradient for the
conti nuous, orwobpm2epar ati on of conmponents from a ni xture PCT/USI%0355}

chem cal entities. The system and apparatus of the 10 pr esent

i nvention can be used specifically to separate bl ood conmponent s
froma whol e bl ood sanpl e. The invention al so relates to a net hod
of continuously and magnetically separating a conponent from a

m xture of Chenbawm CSEPMmONoFCGdeNENmmMrmMIX@Um ent,
and a nethod nanu acturlng a continuous nagnetic separation
appar at us. BACKGROUND OF THE | NVENTI ON: The
separation and isolation of blood conponents froma whol e bl ood
sanple is a significant aspect of the treatnent and clinical and
| abor at ory testlng of such bl ood 20 conponents. There are

numer o®s net hBSELE QF A JRVENTIIONS he separation of bl ood

conponents. Vhole bl ood can be separ at ed by | ow
speed

The present invention relates to a magnetic syétem and
apparatus having a multi-dimensional grédient for the
continuous, on-line separation of components from a mixture
of chemical entities. = The system and apparatus of the

10 present invention can be used specifically to separate blood
components from a whole blood sample. The invention also
relates to a method of continuously and magnetically
separating a component from a mixture of chemical entities
using a multi-dimensional gradient, and a method of

15 manufacturing a continuous magnetic separation apparatus.
() o E I TON:

The separation and isolation of blood components from a
whole blood sample is a significant aspect of the treatment
and clinical and 1laboratory testing of such  blood

20 components. There are numerous methods and apparati for the

separation of blood components.

Whole blood <can be separated by low  speed
centrifugation into a cell free fluid called serum (or if a
blood anticoagulant is present) and a pellet containing

25 cells and platelets. is about 92% water and contains



centrifugation into a cell free fluid called serum (or if a bl ood

anticoagulant is present) and a pellet containing 25 cells and

pl atel ets. i s about 92% water and contains

-2- wodoRgis ol ytes, |ipoproteins, pr ot ei ns, 55?/%93103579 ot her :

nutrients.and vitam ns. The Ilpoprotelns are lipid-protein: i

conpl exes. Lipoproteins are the primary transport nol ecul es ' for i

|l ipids and al so transport vitam n E and beta-carotene .5 (prOV|tan1n [
- A). Lipoproteins are further divided#nto very | ow density
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In contrast, high Tlevels
t hought to amﬁpmteagallﬂiiop&bhﬁﬁ.ﬁ§ Ch£4 OSKS -primary transport:.r ho1 U138 Y

proteins found in plasma are al bumn, gl obul i ns, fibrinogen.
Al bumin is for ﬁms%dabandaﬁﬂqmzxmamsport V1qumﬁﬁﬂﬂlaﬁ@bhéta-ﬁﬁ%ﬁen&ﬂd is
a carrier ,nolecule f " nonesterified fatty -acids. Al bum nal so

pl ay® a roIéPF?VlFETln Arnmrﬁ%ﬂQﬂrﬁﬁeﬁﬁé asapEntthers %N¥§Q§ Mﬂtgodery The
i nto al pha-,, beta-

gl obul i ns fyrther divide
ganna-globu}?%sdengigy Hl?ﬁgrag ?BBUPFHSF HCQFQHPEBH?%Pnénﬁomégbles
that functigénsity lipoprotein. High levels of low demsity lipoprotein

are assoc:.ated with atherosclerosis and cardiovascular -

da.sease In contrast, high 1levels of high density

0 '_.l:.poprotein_ are thought to protect against atherosclerosis.

The pr:unary prote:l.ns found in plasma are album:l.n,
':globullns, flbrinogen Albumln is the most abundant plasma
"'p'i'otein' (about 60%) 'and is ~a carrier molecule for

nonesterified fatty- acids. Albumin also plays a rolle in
15 maintaining the osmotic pre:ssure of blood. The globulins
are further divided into alpha-, beta-, and gamma-globulins
The gamma-globulin fraci:ion contains molecules that function
as antibodies in the humoral - immune system. Fibrinogen.

~functions in clot formation.

20 _ The red blood cell (or erythocyte) is the primary cell
found in blood This unlq_[,u__e ,cgl__l_ has a membrane but no
other membranous organelles and does not have a cell
nucleus. The primary function of red blood cells is oxygen .
transport to tissues and the removal of carbon dioxide. The

25 oxygen carrying molecule in the red blood oeli" is

_hemoglobin. The red blood has a YBiconcave ‘shape’ and is




as antibodies in the hunoral imune system Fi bri nogen

functions in clot formation. 20 The red blood cell (or
erythocyte) is the primary cell found in bl ood. This uni que cell -
has a nenbr anWoA4211 other nenbranous organel | es PAMS¥EEs not
have a cell nucl eus. The primary function of red blood cells is
oxygen transport to tissues and the renoval of carbon dioxide. The
25 oxygen carrying mnolecule in the red blood cell is

henmogl obin. The red bl ood has a biconcave shape and is

- 3- exdxtarenielydelefiormiaba earshchbakle 0 topveovehr bhypugler yesia|gmall

capillaries. In anema, the nunber of red blood cells_i I ven

a .gi

vol ume of bl otpridlpskeresulfhi AgeMhaa Haerayuer of red éhﬁqqt%FH%§ &%IFVer

oxygen to tissues. Nutrition d/qgr .5 enetic.fact.qrs.c put e

toygnem' a. given v°5'um%I O%Jd %ﬁ%acoﬁ’ ity \?\ﬁ??gigi'%%d lgle-l Iasag?‘lg ded

platelets. abili:l‘ﬁ}"iéf abi apd- Sﬁt Sn €8 tils@ukacyt egltrit faideand/or
ynphocytes, ne

nonocyt es, rophils, eosinophils, and

basophi ks. genet iNefaeepbi| 8an eositiblitdeeto andmbasophils (all three are
also 10 cal l ed granul ocytes) as well as nonocytes are phagocytic
cells. Phagocytic cells and | ynphocytes play a key role in t he

i mune system Pl at@liss 18Kt LORcaih&! Ghitor HAbbAN.cells and platelets.
White bloocd cells {or leukocytes) include monocytes,
lymphocytes, neutrophils, eosinophils, and ba_sophils.
Neutrophils, eosinophiles, and basophils (all three are also

10 called granulocytes) as well as monocytes are phagocytic
cells. Phagocytic ce-lls and lymphocytes play a key role in

the immune system. Platelets function in clot formation.

Since blood components have magnetization properties,

there have been numerous efforts to utilize magnetism to

15 separate and isolate such blood components. The most common
problems with the prior art is that they cannot perform the
separation in a continuous manner and they do not use a
multi-dimensional gradieht. In addiﬁion, the priér art does

not provide a decoupling process and some of the prior art

20 conduct separation in a static stage rather than a constant

flow stage.

U.S. Patent No. 4,910,148 to Sorenson et al. relates to
a method and device for separating magnetized particles from
biological fluids, particularly white blood cells using a

25 monoclonal antibody to link the cells to magnetic beads. 1In



Si nce bl ood components have magnetization properties, t her e have
been nunmerous efforts to utilize magnetismto 15 separate and. i sol ate
such. bl ood conponents. The npbst common - problems with the prior. art

Is that theysappab performthe separation in a cg %@H%,nanner
and they do not use a mul ti-di mensional gradient. I'n a fon, “the .

prior art does not provide a decoupllng process and sone of. the -
prior art 20° conduct separation-in a static-stage rather than a - .

const ant fl ow st age. -4- U.S. Patent No. 4,910,148 to
Sorenson et al .. relatesito . . - . a method and.device for arating

magnet i zed MF‘EFES tor d'-ﬁ‘le Present ginyesgienr thei §Orepare; é‘ﬁpgr?@l%l te
blood cell s oi fa . 2%, o, TREOGNR! A ' BOTkhBublak Wl Fobhagtt:

‘magnetic beéﬁ%

contrast to btllo%dp rk?a"ge nt ipRge riﬁdg‘i’iétlbhebe'ﬁdse NSAD $€AREAT kdN the cancés
static (i.e., ow) and is conducted in a plastic . bl ood bag.

The nagnet i @:meedswnrle | bpkett tagitericancprocess andwithea cel megbgtim
agitation process and then a magnetic .5 . field is applied to keep the
whi t &5 bl ood fdellds ié t Apphied to keeppgihe | uhbte%tdblpndt Ireldes poiddbl Bh®) asti ¢

‘ba The Sorenson devj ce_al so requir.es ace bet en_the ma nets
.vvhlgch does magnetic beads in the d:i.isposabel plast:.g % WR&" sonens 8

device also requ:.res space between ‘the magnets which does
: not optimize the magnetic gradi‘ent (x'u-agneticl for'ce)" The
.back plate of the Sorenson dev:.ce is a soft magnet:.zed
io _mater:Lal and the magnets are Samru:.m-Cobalt Sorenson has a o
| volume l:.mltatn.on s:.nce J.t ‘uses a blood bag (150 ml) and
_there is no decoupllng between the beads and the white blood L
cells. Matter of fact, the cells rema:.n in the d:l.sposable

blood bag after separation.

s | U S. Patent No 5 514 340 to Lansdorp, ‘et al. 'i:.elates_'
to .a dev:l.ce for separat:.ng magnet:l.cally labeled cells in a’
.sample usmg an appl:.ed magnet:.c fJ.eld | Lansdorp uses
magnet:.zed screens to attract the magnet:.c ' partlcles

_allow:.ng the blological flu:x.d to be caught in the magnet:Lc |

20 ..w1res of the screen. ._ The magnets used in Lansdorp must
constantly be cleaned slnce there is contact between the'

magnets and the blood cells.

U S Patent No 5 56'7 326 to Ekenberg et al relates to B

an apparatus | and .methods 'for ' separatlng magnetlcally_

25 _respons:.ve part:.cles from a non magnetn.c test medn.um in -

wh:.ch the magnet:.cally respons:.ve part:.cles are suspended




not optim ze.the magnetic gradient (magnetic force). The back

pl ate of the Sorenson device is a soft magnetized 10 mat eri al and the
magnets are Samruim Cobalt. Sorenson has a volune limtation since
it uses a bl 03&0%13219( 150 m) and there is no decoupP¢HySBEISIRen

t he beads and the white bl ood cells. WMtter of fact, the cells
remain in the disposable bl ood bag after separation.

15 U. S . Patent No. 5,514, 340 to Lansdor et al. relates to a
device for separating magnetically | abel%d' cells in a sanpl e usi ng

an applied mag%ﬂ Efenbd £t d- smali:ag:% QhP éiécﬁﬁxts of mHEGﬁf&éZe(hu&ar%&réS
to attract magnetic “parti ovmngt e biological fluid
to be caught igndde ngnat itube?Ochen Wi r:ﬁfgrtéftlbh iSCT £en insefbed Mignatie

used in Lansdorp mnust constantly be cl eaned since there is contact
between the £luid formgeptyationt he bl ood cells. - U.S. Patent
No. 5,567,326 to Ekenberg et al. relates to an apparatus and

nmet hods for separating mnmagnetically 25 responsi ve particles froma

non-magnetic test umEgli upaténdt No. 5,540H0Uh the wagneét callly redsressite

particles are suspended.

| n Ekenerg, wethddparnd asemiges ofopi sepgrahiod| ¢ifd magnetic partlcles
and/or magnetic-associated substances from non-magnetic
associated substances and wmedia. Unlike the present
invention, the Wang method does not utilize the optimum

magnetic gradient (magnetic force) available ' since Wang

10 situates its magnets on two opposing sides.

U.S. Patent No. 4,988,618 to Li et al. relates to a
magnetic separation device for use in immunoassay or
hybridization assay procedures. The Li device comprises a
base having a plurality of orifices for receiving nonferrous

15 containers which hold the sample and the assay components
including ferrous particles. The orifices are surrounded by

a plurality of magnets which are spaced about the peripheral

of the orifices.

U.S. Patent No. 4,935,147 to Ullmén et al. relates to a

20 method for separating a substance from a liquid medium,
particularly applicable for cells and microorganisms from

agqueous suspension and also for the determination of a
analyte. Although Ullman discusses a method with a
reversible non-specific coupling, the method is not

25 continuous nor does it utilize a multi-dimensional gradient.



pl aced in a tube then a nmagnetic pin is inserted in the fluid for

separ ati on. U S. ‘Patent No. 5,541,072 to Wang et al .. reI at es .

to 5 met hods and devices for separation of magnetic particl es.. Vo

and/ or ma g defizfissoci ated substances from non-nagnet: IPET/Us”mm

associ ated substances and - nedia. Unli ke the present -

i nvention, the Wang net hod does not utilize the opt| mum _rragne_t.i-c _

gradi ent (magnetic force) available since Wang 10 situates its nagnets

on two opposing sides. : tPS. Patent No. 4 988,618 to Li et al

relates to a Cp g aratlon device for use in |nnunoassay or
~hybri di zati on assay |?r 3%88 # J‘ﬁ?él LI PYRRL fon CBKﬁ"F abovepase

havi ng a pl Heakiaae&fpﬁula&esgsgéoof&%p% £%yLLET LY Sppd §a i, SR ner s

whi ch hold the sanple and the ay co errous
particles. #behodi ffaes contidubteungefakition of @oRpbhahtsy Bfodmagnet s

whi ch are spaced about the peripheral of the orifices.

U.S. Pat ent migture 935f 14hemicell] nentities . usalrg es t mudtiz8imensiwetallod f or
separating-a gbst ance froma liquid medium . .particularly

appl iTabl e 96‘? 1t s and m croorgam sms from ‘aqueous suspensi on and
also for the determnation of-a- - - -+ anal yte. ‘Al though Ulman .

di scusses a. nethod wth a reversible non-specific coupl i ng,

the net hodm_W_EEMnuous nor does it utilize a.

mul t:i - di mensi onal . grad| ent.
Accordingly, the ._object__ of the present inve_nt_:i:o_r__z:__is to
provide a magne_tic _system and apparat_us _having a multi—':
dimensional gradient for continuous, ) on—l:.ne separatlon of: _

10 - components from a m:.xture of chem:.cal entities.

~Another object of the present invention is to provide
an apparatus and system for continucus, on-line magnetic

separation o_f blood components from a whole blood sample.

. Yet another object of the invention is to provide a
15 wmethod for cont:.nuously ‘and magnet:.cally separat:l.ng a blood
component from a mixture of chem:.cal ent:.t:.es ut:.llzing a

multi-dimensional gradient.

A furt:her object of the present 1nventlon 1s to prov1de
a method of manufacturing a contlnuous magnet:.c blood:'

20_ _ separat:.ng apparatus

Still another object of the present invention is to
prov:.de ‘a system and a method for a cont:.nuous mag'netlc

"separatlon of blood components from a whole blood sample""




- 6- ~ . The presently clainmed invention overcones the above
ment i oned problens by providing a system an apparatus and a nmet hod
for continuous separation of conponents from a m xture of
chemical ent MA¥422sing a nulti-di mensional 5 gr aciCaHS99/03579
SUMVARY OF THE | NVENTI ON: Accordi ngly, the object of the
present invention is to provide a magnetic system and apparat us
having a nul ti - di mrensi onal gradyent for continuous, on-line
separation of 10 conponents froma m xture of chem cal entities.

Anot her obj ecuasiiigt ke poaténtousyveariioash ifdowo andviltering a decocyphbinat us
and system for continuous, on-line magnetic separation of bl ood
conponent s f rBRPEE®thol e bl ood sanpl e. Yet anot her object of
the invention is to provide a 15 met hod for continuously and
magnetically separating a bl ood conponent froma m xture of
chemical entities The| Preagnh inventiomul relafiesnsioonal wacgitdist . system

A further object,of the Eres pt invention is to provide ;  a nethod
of manuf act uPRRPI a2 BY H’n‘%’dﬁ%‘sﬁ?&@}etﬂr@dlﬁPﬁoéWZG‘°nt1n§@15%r aPRnyine

appara%ys. separation of components £from a mixture of chemical
entities. The system comprising; (a) at least one mixing
chamber for agitating the mixture and magnetic particles,

the particles being attached to the components of the
mixture wupon agitation, and (b) at least one separation

10 chamber. The separation chamber comprises a plurality of
magnets and a plurality df channels having an inlet and an

outlet. The magnets are arranged on one side of the
channels and are in contact with one another to create a
magnetic field. The mixture containing the particle

15 attached components are introduced into the inlet of the
channels of the separation chamber, and the magnetic field

of the magnets captures the particle attached components

within the channels and the remaining wmixture exits the

outlet of the channels of the separation chamber.

20 In another embodiment of the invention, the magnetic
system further comprises a solution reservoir for
introducing solution through the inlet and the channels for
flushing out the parﬁicle attached components through the
outlet of the channels of the separation chamber upon

25 deactivation of the magnetic field. The magnetic system

also comprises a decoupling agent reservoir for introducing



Still another object of the present invention is to provi de a

system and a nethod for a continuous magnetic separation of bl obd
- conponents from a whol e bl ood sanpl e :

-7- Wrdopshig@ continuous blood flow and havi ngc.rﬁ,s”q,gg,gupl i ng

process. The present invention-relates to a magnetic system

~having a nul ti-dinensional gradient for continuous, on-line 5

- separation of conponents from a _mxture of cheni cal

entities. The systemconprising: (a)8at |east one nixing chahber
for agitating-the mixture and'magnetiic. particles, articles

bei ng att acmdde@lmiéngom%nt@ dthe Hearticle atrﬁ%?thﬁfle qﬁ’ﬁ@ﬁ“‘éﬁ?? a?f%n
- (b t | t hamb
(b o ot e stpr 0,00, onlloge, T S,

an inl et and adéht  and et hgrtlcler he JERgResSs c&lﬁ;ﬁ)nefi‘{trsangﬁlbﬁhg)nehem de
of - the. . channel s. an@ are. | n:-cont.act..w:th “one -anothér to create a

magnet i ¢ f'@é;siaratféhe ofll ¥hel Pareeelabnisi@ the cﬁaatpbnehes 15 In omet ached

conponents are introduced into the-inlet-of the: - channel's: of -t he
separ gti on cémpdiimenand thee deagnpling f agént attachesoftq rréxmmw ﬁtures
the particle attached conponents .
and the magnetlc partlcles deattach The decoupllng agent
.. attached components and partJ.cle m1xture are relntroduced.“
:Lnto the separat:.on chamber and the magnets are react:.vated
to produce the magnet:.c f:.eld th.ch captures the magnetlc
:l|_.o. o part:.cles and the rema:.nlng decoupl:.ng agent/components exit
- 'the outlet of the channel of the separat:.on chamber. The "
”-:Ilseparatlon of the components and magnet:.c part:.cles can be
| ._done in numerous ways _ Adjustlng the temperature or -
_pressure can phys:.cally separate th_e.:. components and :
15 __.partlcles I_ becoupllng agents such as sugar, salt or pH _
- changes can be used to chemn.cally separate the components

. nd partlcles

The magnet:.c system can also compr:Lse a treatment:

de\.r":Lce for treatlng the rema:.m.ng mlxture, “a collect:.on_

20 . _chamber for re:.ntroduc:.ng the components to the treated.
- “mlxture, and a plurallty of_._ d1rect10nal .valves fo_r'
controll:.ng the. f.low of the mlxture, components, solut:.ons )

i

; and decoupllng agent

In one embodiment, the separation chamber of the

25 magnetlc system can further c'ompri'Se ai_ bed for supporting’




Wi thin_the channels and the remaining mxture exits the out | et of

the channel s of the separation chanber. 20 I n anot her enbodi nent
of the invention t he magnetic system further conprises a

sol ution res&Q¥4229% o i ntroduci ng sol ution thr ougtFH¥R8INIFLt and
t he channel s for flushing out the particle attached conponents

t hrough the outl et of the channels of the separation chanber upon
25 deactivation of the magnetic fielc The magnetic system

al so conprises a decoupling agent reservoir for introducing

a decoupl i g agROt pithddle, Pafhd bl FdAAR]GFhGRTRINGRYS 4 bed is a Abft

addi tional m xing chanber for agitating the decoupling agent and
the particle ahiqedteict damponesas. allow ng the separati on of the
particles and the conponents. In one 5 enbodi rent, the decoupling
agent attaches to the conponents and the magnetic particles
deattach.  The decpuplfdithei@eMan be anyahighhefefGPPeRsat 8astl Raghdtd e
m xture are reintroduced into the separation chanber and the
magnets are resdthvaseNdFeB or ShCo pmagtuees i hegagignef | €hé | mhgnets cias an
captures the magnetic 10 particles and the remai ni ng decoupling

agent / cédnmponengkiexwith opposingeneuhlt eandfsegich chrigel @le 19 SepaPatedn

chamber. — The rests on the bed and the other pole faces the plurality of

channels. Each of the magnets are aligned side-by-side to
the other magnets. The axis of each of the magnets is
perpendicular to the bed. In another embodiment, the axis
10 of each of the magnets is parallel to the axis of the other

magnets and perpendicular to the channels.

The mixture of chemical entities can be a whole blocd
sample and the components can be any biological
micromolecule such as red blood cells, white blood cells,

15 platelets and other plasma borne components.

In one embodiment, the plurality of magnets can be
arranged in alternating magnetic poles so that the magnets
are aligned side-by-side with a configuration of north-
south-north-south, ox.' are slightly offsét from the side-by-

20 side configuration.

In yet another embodiment, the plurality of magnets are
vertically aligned in alternating poles so that there is a

vertical line of north poles aligned side-by-side with a



separation of the conmponents and magnetic particles can be ~-done in

numer ous ways. Adjusting the tenperature or pressure can
physically separate the conponents and 15 particles. ~Decoupling
agents suchwaesogemyer, salt or pH changes can be ugggykdsdgm cally -
‘separ at e the conponents and particles. The “magnetic -
system can also conprise -a treatnent : device for treating the
remai ning mxture; a collection 20 - chanber for reintroducing the
conmponents to the treated mQre; and a plurality of

di recti onal ve‘:’:‘%liégi' lfigre of soué:ﬁzdcgofagtbezﬁg:j:%ﬁngaéggﬁﬁ.lligﬂ\{:f} ct:PFserg X%Fﬁrﬁﬁ’

conponents, solurrons : one

embodi nent, ¢Heh@igeepp MdPontigiPetio®f the .25 . magnetic systemcan
further conprise a bed for suppoiting '

-9- the magnets. The preferred material for the bed is a soft

magnetic iron netal ... . et a high rare
et e A si) anorncs enflSs BNt SpEoyBea PN Mo pRBRLEY o0
has an 5 aredMotrivbhBaDDPOS1ikhd®ril AL 5RHIRgPEbESs 88CtRAL t BReRW! €S
rests on the bed and the other pole faces the plurality of :
5 .. is a horizontal line of north poles aligned side-by-side
with a horizontal line of south poles, or are slightly

offset from the side-by-side configuration.

In a further embodiment, ‘the magnets are af;fa_pged 80

that one magnet having one ._poic_e__ is surrounded 'by. other

10 fnagnets of opposing 15_oles on four sides.

In one. embodiment, each of the channéls ‘has varying

.yviclltlhs,_ ‘and the chanhel width is increaseq at an entrance

?xéar the inlet and the channel width is tapered aﬁ an exit

near the outlet. The plurality of magnets can _also be

15 . '.situated underneath the channel near thé inlet and the'
- outlet of the sepax_"aﬁion chamber;. . The bed can be tilted on

one side in relationlto the sepéfati_on chamber. The tilted

side of the bed is in contact with one side of the
separation chamber and the untilted side of said bed being

20 from -about .5 to about 3 cm in distance from the separation

chamber.

The magnetic system can further comprise a switching
mechanism for bringing the separation chamber in contact

with the. plural_ity of magnets and _the magnet bed thereby




channel s. Each of the magnets are aligned side-by-side to t he

ot her magnets. The axis of each of the magnets is per pendi cul ar
to the bed. In another enbodinent, the axis 10 of each of the magnets
is parallel WOPHBIAXis of the other magnets and p&CI&IERBH%ar to

t he channel s. The m xture of chemcal entities can be a whole
bl ood sanple and t he conponents can be any bi ol ogi cal

m cronol ecul e such as red blood cells, -ppite blood cells, 15 pl atel ets
and ot her plasnma borne conponents. In one enbodi nent, the

plurality of asignstingarttise magnetic SHielxhgpdoducerd t by n&bhengamghst iadpol es
so that the nmagnets , are aligned side-by-side with a CO%H uration
of north- for distARGingothR- SSRRKALHPR aFRAEPSHHEXOM Fhe RLYEHhH O

side-by- 20 i nfigu I QL. n.yet ot :
enbodi ment, t’ﬁhee p?“ag‘g?ﬁ)y;%? %g%n esfi a%léereby deaci/lé’ratq"ll)égl Ité{gaI‘Fggiréec}: h
alternating ppl@giSo @l bPSE&niny Amechanism %§h! ! GRl1ddele Wit NEET Mdeol es

al i gned side-by-side with a

-10- s Yhfiitehl tdi rRReoffclAdWingo! es, pDiralitys!| bfhguidefl radlsf raomd
t he side-by-side configuration.

electromagnetic coils, rack and pinion, or belt driven

mechanism.

The magnetic particles, in one of the embodiments, can
be microspheres which are ligand covered and coupling agent

10 bound. The ligand is protein and the coupling agent is

lectin.

The present invention also relates to a magnetic
apparatus having a multi-dimensional gradient for separation
of components from a mixture of chemical entities. The

i5 . apparatus comprises a separation chamber comprising a
plurality of magnets and a plurality of channels having an
inlet and an outlet. The magnets are arranged on one side
of the channels and are in contact with one another to
create a magnetic field. A mixture containing a magnetic

20 particle attached components is introduced into the inlet of
the channels of the separation chamber and the magnetic
field of the magnets .captures the particle attached
components within the channels and the remaining mixture

exits the outlet of the channels of the separation chamber.



In still another enbodi ment, the plurality of magnets are

horizontally aligned in alternating poles so that there 5 is a
horizontal |ine of north poles aligned side-by-side with a :
hori zontal iwowm4efis south poles, or are slightly Pet/USRIozdH om t
si de-by-side configuration. In a further enbodi ment, the
magnets are arranged so t hat one magnet having one pole is
surrounded by other 10 magnet s of. opposi ng pol es on four sides.
I n one enbodi nent, each of the channets*has varying ~ widths, and

t he channel
t he channel
plurality of
near the i

wi dth_.is increased,.at n'enhranc
the

wi dthIPs PHRer StPodinenty, | he”"Separarign | KhgRery, |

he

ar .t he %QLtt and

JORHIERC BN UL ER® supbarting 'WhYl GagiRRe! RER! hnel Mo cf@Nne!

nlet and the out | et

bed can be tigreférably composdl®Sidlesdfit Mplgetad LoohhfiesaPar afhorbed

chanber.. The tilted - -~ . side of the bed is 1in, contact wth. one

se€parati on chanber. The

side of thewpon whichselpemegnetschzarbeet acah thee flati brestagghresf. sai d bed

being- 20 -
chanber .

. from about

.5,to about 3 cmin.distance fromthe separation
The magnetic systemcan further conprise a sw tching

mechanssm f or bri mpengndgnetsepareat high cleagbgy ixareordzatth magnets,W &dd t he

plurality of

magnets and the nmagnet bed thereby

preferably NdFeB or SmCo magnets. Each of the magnets has.

-~ an axis with opposing north and south poles, one of the

polés rests on the magnetic bed and the other pole faces the

" plurality of the channels, and each of the magnets are

10

"aligned side-by-side to the other magnets. The axis of each

" of the magnets is perpendicular to the bed and in other

15

embodiments, the axis can be parallel to the axis of the

dther mag'netﬂs._ ‘and pefpeﬁdicular to the channels.

In another embodim_éx_it, the plurality of magnets are

arranged in alternating magnetic poles so that the magnets

. are aligned side-by-side with a configuration of north-

. south-north-south, or are slightly offset from the side-by-

20

" vertical line of south poles, or are slightly offset from

'side configuration.

In yet another embodiment, the plurality of magnets are
vertically aligned in alternating poles so that there is a

vertical line of north poles aligned side-by-side with a

the side-by-side configuration.



-11- -activating the magnetic field produced by the magnets and

for distancing the separation chanber fromthe plurality of t he
magnets and the bed thereby deactivating the magnetic field. The
swi t chi ng mech3RP¥#%n include, but is not 5 linited PETAURYIO357T9
following: a plurality of guide rails and el ectromagnetic coils,
rack and pinion, or belt driven mechani sm The
magnetic particles, in one of the enboditits, can be m crospheres
whi ch are |igand covered and coupling agent 10 bound, ., The Ii%and i S
protein and the coufti AfidyeAapcbher embodimept; nthe plurality ofTgagppEsent
I nvention also_relates to magnet i c , a rrat us havin

nul ti - di nensi oftF §?5§?%Eﬁ£i%% %ﬁi%ﬂ1alte£ﬂ§%18? 88Eﬁ8n3§tgh?Fo§Pgre
mixture of cheghcal fgkiiddSn 1786 of> norcPPBAIALULLICARE ISR -side
separation chanber <conprising a plurality o# magnets and a
plurality of chkaghels havif@nefl line ofnlKluthndpledHut oat . adde slighely
are arranged on one side of the channels and are in contact with
one anotter tooffset fromd:he sidenhpwesidef cenfiiguratdiont.ure contai ning a
magnetic 20 particle attached conponents is introduced into the inlet
of t he channel s of the separation chanber and the magnetic

field of the magnet sncaptfintherheenkodindnt ,attife hgdgnets are campangeds so
within the channels and the remaining m xture exits the outlet of
t he channel s othake erpamagheh difiinsr one pole is surrounded by other

magnets of opposing poles on four sides.

In one embodiment of the invention, each of the

10 channels has varying widths and the channel width is
increased at an entrance near the inlet and the channel

width is tapered at an exit near the outlet. The plurality

of magnets can be situated underneath the channel near the

inlet and the outlet of the separation chamber. The bed can

15 be tilted on one side in relation tq_;he_separatiqn chamber.
The tilted side of the bed is in contact with one side of

the separation chamber and the untilted side of the magnetic

bed is from about .5 to about 3 cm in distance from the

separation chamber.

20 In another embodiment, the magnetiq apparatus can
further comprise a switching mechanism for bringing the
éeparation chamber in contact with the plurality of magnets
and the magnetic bed thereby activating the magnetic field
produced by the wmagnets, or for distancing the separation

25 chamber from the plurality of magnets and the bed thereby



-12- In one enbodinent, the separation chanber further
conprises a bed for supporting the magnets and the bed is ' ;
preferably conmposed of a soft magnetic iron nmetal. The bed upon
whi ch t he newpewsa21are set can be flat or staggered. 5 JUS99/03
magnets are high energy rare earth nmagnets, and prg?eragly NdFeB or
SnCo magnets. Each of the nmagnets has an axis with opposing north
and south poles, one of the - poles rests on the magnetic bed and

the other pole faces the plura}?Ty of the channels, and each of

the magnets ci’éaf‘culrgtm? @rl]'fegq%]r&tq.% byreidle tgpbhe, v&{t*é%trlﬁga %51 n sﬁ(he

axi s of each IS 1s perpendlcular
ot her careHe0di @u&allﬁ?%s@@l@@&d&qsp%al k&bt Sohdhediics cetughe
ot her magnet.s and perpendi cul ar .to the channels. . I n another
enbodi ment, radke apdupahioys ofr eEgredsizern. 15 - arranged in alternating
magneti c- poles so that the magnets . are.aligned side-by-side with a
configuration of nort h- south-north-south, or are slightly offset
fromthe side-byThe mixtur& &€ ehRiigHlaentities can be a whbleyBlodaot her
enmbodi ment, the plurality of magnets are -

5 sample and the components can Dbe any biological

mlcromolecules such as red blood cells,'White_blood_cells,

platelets and otherx plasma borne components.

The present invention provides a magnetic system having
'aaislmulti-dimensional ~ gradient for continuous, on-line

10 r-separation:of blood components from nhole'hlood: The s?stem
comprising: (a) at least one mixing chamber for agitating a
:!Bloodﬁ.sample and magnetic particles, the particles being
.attached to :a blood component of the blood sample upon
agitation, and (b) at least one separation chamber. The

15 separation;chamber comprises a plurality of magnets and a
. plurality of channels having an inlet and an outlet. The
‘magnets are arranged on one side of the channels and are in
contact with one another to create a magnetic field. The

blood samples containing the particle attached blood

20 _'components are introduced 1nto the inlet of the channels of
the separatlon chamber,. and the magnetlc field of the
magnets captures the partlcle attached blood components

w1th1n the channels and the remalnlng blood sample exits the

outlet of the channels of the separatlon chamber




20 vertically aligned in alternating poles so that there is a

vertical line of north poles aligned side-by-side with a verti cal
| ine of south poles, or are slightly offset from t he si de-by-side
confi gur at i on W0 99/42219 WD 99/ 42219 PCT/US99/03579

- 13- In still another enbodiment, the plurality of magnets
are horizontally aligned in alternating poles so that there s a
horizontal |ine of north poles aligned stide- by-side with a
horizontal |ine of south poles, or are slightly 5 of fset fromthe,

si de- by- si de confi gRat3n@sher embodiment I atheur Lnvenieiemdi FBat “‘aﬁﬁétlc
magnets are arranged so furth t hat _one net hgvgng one_pol eol
surrounded by GMFEF™ TUr %gné:f’glpﬁf'sﬁipo ng SRHPESCBN 1 ETRS RS .

I'n one enbodi mgnf, gurcbﬁg' BY i %ﬁthtehinLQ and Q:lfén'?:‘ﬁlaﬁnehlgsfor

varying w dths I ncreased at an

entrance near tﬂl@zsﬂhﬂhgt oaadthaepabaﬂegé attached WIHdY | SoriptiiRinte &hralghXit
near the outlet. The plurality of magnets can be situated

under neas h t he tHeanmeiletearf t the channelé nbft thad selparatibnt chambéze upon
separation chanber. The bed can be tilted on one side in relation
to the separat |‘%ﬁ?°(§ﬁé(ﬁﬁé?n of the ‘Fﬁan?ﬁ-% efislde of Thpe™BgRSLEC| FYSERPact

with one side of 8 Qa{atlon chgnber and.the_untilted,side of
t he magnetic comprises 3 "Ged pling agént reservoir for intY¥oducing a

decoupling agent to the particle attached blood components
and an additional mixing chamber for agitating the
10 decoupling agent and the particle attached blood components
allowing the separation of the particle and the components.
In one embodiment, the decoupling agent attaches to the |
blood components and the magnetic particle to deattach. The
decoupling agent attached blood components and microspheres
15 mixture are reintroduced into the separation chamber and the
magnets are reactivated to produce the magnetic field which
captures the particles and the remaining decoupling
agent/blood components exit the outlet of the channel of the
separation chamber. The decoupling agent can either be
20 physical such as pressure and temperature oxr chemical such

as sugar, salt or pH changes.

The magnetic system can also comprise a treatment
device for treating the remaining blood sample; a collection
chamber - for reintroducing the blood components to the

25 remaining blood sample; and a plurality of directional
valves for controlling the flow of the blood sample, blood

components, solutions and decoupling agent.



bed is fromabout .5 to about 3 cmin distance fromthe separation
chanber . 20 In another enbodinent, the magnetic apparatus
can further conprise a switching mechanismfor bringing the
separati on eiowwaasisi n contact with the plurality of nmagnelpgrmseomasze and the
magneti c bed thereby activating the magnetic field proc?uced by the
magnets, or for distancing the separation 25 - chanmber fromthe :
plurality of magnets and the bed thergpy o ' ' .
-14- deactivating the magnetic field.  The sw tching mechani sm
can be a plural ifhe ofcigtinda of aidan ankhw eChERERARE! | ghapitid S, including rack -
and pinions or belt driven. - The m xture. of chemcal entities
can be a wheRrxpdiitdog donfigurahpéms. add onkhemboddmpnneneschcafi thee  any
bi ol ogi cal . _: .. mcronol ecul es such as red blood cells, whjte bl ood

cel l's, channgls chafs SRV AheWigthsm #0d ndheonpbagpel. width is
The present,invention_provi des a nagnetic. system.havin a
nul ti - di nenjsrf%eﬁsedgr% i &hy r&ncec_oﬂ?ar.rhuiég, ml&%— |"Fg% thg crfan_g’gfpt-ar ation
of bkood coppanenis ddfPaghake Bl @Qde nIhe E¥S'SM1et. ThE PRIHARG ()
at least one mxing chanber for agitating a
of magnets qan' also be situated underneath the channel near
the inlet and the outlet of the separation chamber. The bed
can be tilted on one side in relation to the separation
chamber. The tilted side of the bed is in contact with one
10 side of the sepéfatibn chamber and the untilted side of said ..
" bed being from about .5 to about 3 cm in distance from the

separation chamber.

'~ The present invention also ‘provides a wagnetic
' apparatus having a multi-dimensional gradient for separation

'15  of blood components from whole blood.  The apparatus

~ comprises a separation chamber comprising a plurality of
magnets and a plurality of channels having an inlet _a_nd an
~outlet. The magnets 'are arranged on one. side of the
channels and are in contact with one another to create a

20 magnetic field. A blood sample containing magnetic particle -
"~ attached blood components is introduced into the inlet of

the channels of the separation chamber and the magnetic

field of the tﬁé.g'riets captures the particle attached blood
componients ~ within tﬁe channels and the vremaining blood

25 ‘sample exits the outlet of the channels of the separation.

chamber.




bl ood sanple and nmagnetic particles, the particles being attached
to a bl ood conponent of the bl ood sanple upon agitation, and (b)
at | east one separation chanber. The 15 separati on chanber conpri ses
a plurality oNOPY#d?s and a plurality of channels R&FUSE/BRA nl et
and an outl et. The magnets are arranged on one side of the
channels and are in contact with one another to create a nmagnetic
field. The bl ood sanples co#%ining the particle attached

bl ood 20 conponents are . introduced jnto the in]et of the channel s of
the  separation  CRAnRHS  SHRPSIFREL. e | EEPRFRTPR ofenappgs" " 2EEnEr

nagnet s  captupasei e aPRLN GLE REAAIAD|G0] nLOMRANYUNS the bed PN

t he channel s e remal ning sanp exits outlet of the

channel s of thkempghad atdfonach étizable material such as soft iron
- 15- I n anot her enbodi nent of the invention, the magnetic
system furtheetalconprises a sol ution reservoir for
i ntroduci ng solution through the inlet and the channels for
flushing out the particle attached bl ood conponents through 5 t he

outlet ef the chanprés Qreseatcsepmivdrntiioichagss Updvides metdrey i vati on
of the magnetic field. The magnetic system . conpri ses a decoupling

agent reser voiconténubwslpcard magnetically deperpting ageomppnenhefpomt &cl e
attached bl ood conponents and .an additional mxing,, chanber_ for
agitating th&ixture of chemical entities utilizing a multi-dimensional
gradient. The method comprising the steps of: a)
introducing a blood sample to a plurality of magnetic
10 microspheres; b) agitating the blood sample and microspheres
and inducing the mic-rospheres to attach to blood components
of the blood sample; ¢) providing a separation chamber, the
separation chamber comprising a plurality of magnets and a
plurality of channels having an inlet and an outlet, the
15 magnets being arranged on one side of said channels and in
contact with one another to create a magnetic field; 4d)
introducing the blood sample containing the microsphere
attached blood components into the inlet and through the
channels of the separation chamber; e) activating the
20 magnets to produce a- magnetic field to capture the -
microsphere attached blood components within the channels;

and f) allowing the remaining blood sample to exit the

outlet of the channels of the separation chamber.

The method can further comprise the step of (g)
25 providing a solution reservoir and upon deactivation of the

magnetic field, introducing solution through the inlet and



10 - decoupl i ng agent and the particle att ached bl ood conmponent s

allowing the separation of the particle and the conponents. - ~In One
enbodi ment, the decoupling agent attaches to the bl ood conponents
and the magRed eoppfiarticle to deattach. The decouplpicpRisssREs
attached bl ood conponents and m crospheres 15 ‘m xture are relntroduced-
into the separation chanber and the i magnets are reactivated to. _
~ produce the magnetic field which _qyg. captures the particles and the
remai ni ng decoupling . ' agent/ bl"'ood components exit the outlet of the
channel of thg channelssePPtis'ﬁ:.r@n SheMigle. midRSEPRGAUPLL ELEIREE NB1EGD
either be 20 = physical such-as pressure and.tenperature or chemcal
such com@onengarthseﬂgh(ﬂhqﬂounlemgeSThe method can aThe fuygklkesc
system can al so conprise a treatnent .. device for_treating the

remai ning blasswréaeprhe aters |@tt (Bh introducinghanidecoprplingi ﬁs? ue® ng the
ol Ural ity Gme HiFgepplss attached B)gpdocopenea A |ty Fﬁ@af?“n%f the
0% 997! G it parciFIBOAE RepBOhULL e TAd (B0 LI 081
serpentine %@&EEQU%%EJOQﬁ réﬁhﬂ%@@u@ﬁh@dtﬁ@nﬁmcgépmiﬁé hb&nt attached
' blood components and partlcles mlxture 1nto the separatlon
chamber and reactlvatlng the magnetlc field allow1ng the
capture of the.particles and exiting of the decouplinglagent
10 attached blood components from ‘the separatlon chamber In
J l_ -one embodlment, the separatlon of the partlcles and the
T .components by allow1ng the decoupllng agent to attach to the
.e.blood components and mlcrospheres to deattach The method
| can further comprlse the step of treatlng the remalnlng
15:jup blood sample of step (f) and step (k) wherein the magnetlc
- ._fleld is deactlvated. “and solutlon is 1ntroduced. into the

inlet and through the channels flushlng' out the magnetlc

: partlcles through the outlet.

In one embodiment, the method can further comprise the

20 step of reintroducing the blood components to the remaining
blood sample using a collection chamber and controlling the

travel of the blood sample, the blood components, solutions

and decoupling agent using a -plnrality of directional

valves.

25 - The method can ;1s§”cbmpfise the step of providing the

' separation chamber with a bed for supporting the magnets.




channels has varying wdths, and the <channel wdth is

i ncreased at an entrance near the inlet and the channel 5 width is
tapered at an exit near the outlet. The plurality of nmagnets can
al so be situaWea%3tkrneath the channel near t he i nPET/UENE3%Re

outl et of the separation chanber. The bed can be tilted on one side
inrelation to the separation chanber. The tilted side of the bed
is in contact with one si de of 49 separation chanber and the

distance fronfERcbed i R C R T
i nvention aIsga?pggv des J%brnagﬂgéé ThfS“m%B@@%a%blogﬁvhﬂghaener

mul ti - di mensi 8 gra ent separation conponent’s

from whole BLe@dearen h‘d%.gn%@@aéﬁauﬁreferably MAFRBI S5PSSHCS afidritsan chanber
conprising a plurality of magnets and a plurality of channels
having an inlet and an outl et. The magnets are arranged on one

side of the Each Cé'@r\'{lfée?u&%gﬁgr aEnaﬁOQ;:?% with 1?1@'05@§Eht &nd

create a 20 magnet i c ood sanp contalning magnetic

particlge soutB! TS daii ODE TP A iPrE des itihel @epedEi Rir@ahgeéngntiré of
the channels of the separation chanber and the nagnetic field of

the magnets capguees shetbatt cuéeofit thehpodlbborests on theompgnenis beflt hin

the channels and the_  remaining blood 25 sanple exits the_outl et of
the channel s @ndt kBesOthext Pope faces thehpiygplity of the chamnnels and

aligning each of the magnets side-by-side to the other
magnets. The axis of each magnet is perpendicular to the
10 magnetic bed. In one embodiment, the axis of each of the
magnets is parallel'to the axis of the other wmagnets and

perpendicular to the channels.

In one embodiment, the method comprises arranging the
magnets in alternating magnetic poles with a configuration
15 of north-south-north-south, or slightly offset from the

side-by-side configuration.

In another embodiment the method comprises the step of
vertically aligning the plurality of magnets in altermating .

poles so that there is a vertical 1line of north poles

20 aligned side-by-side with a vertical line of south poles, or

slightly offset from the side-by-side configuration.

In still another embodiment, the method comprises the
step of horizontally aligning the plurality of magnets in

alternating poles so that there is a horizontal line of



-17- - I'n one enbodi ment, the separation chanber further
conprises a bed for supporting the magnets and the bed is _7conpOSed
of a magnetizable material . such as soft iron nmetal. .5

The preseniygosigppignti on also provides nethod of PoT/iESREizHUOUS] y
and magnetically separating a conponent froma - mxture of chem cal
entities utilizing a nmulti-dinensional - gradient. The et hod
conprising the steps of: a) ‘_gpd Ntroducing a blood sanple to a
plurality of magnetic 10 - mcrospheres; b) agitating the blood sanple

and m crosphRieh poles aldgdeln@uabnbytypadri G165 Phehesi ten@dl abing bl ood
conponents =~ . of the blood sanple; c) providing a separation chanber,

the sahr appdes chaoberskightliysi offaepl ufedmt \thef mddeeby-aide a
plurality of channels, having an.inlet and an outlet, the 15 magnet s
bei ng ar r anfOBREdHUEREIGR de of sai d channel's and in ' contact with one
another. to.create a magnetic field; d) I ntroduci ng the bl ood sanpl e
cont ai ni ng the microsphere - “attached bl ood conponents into the inlet
and thr ough the In a furthenr@ﬂs:d;ﬂneme tbpamethod cmm@es exrangingting

t he - nmagnet s produce

a .magnetic -field to ture %£
micr 0§pher e tm a@ﬁeatm %dtmm ¢ BRNMiRG one BRlE 48 Shrround d f)
al | ow ng- th%ty[]%%'eg' RYRLOP é% 3158 Séiés tJLe four s1de8u“et of the

-channel s of € separa on c

The method can further comprlse the step of varying the
wn.dths of the channels The channel width is increased at
an entrance near the 1nlet and the channel w1dth is tapered

| _ 10 at an exit near the outlet. The method can also comprise
N ls:.tuatlng the plural:.ty of magnets underneath the channel
near the inlet and the outlet of the separation chamber
{::; The method also 1nc1udes t:.ltlng the bed on one - side in
relatJ.on to the separation chamber The tilted s:.de of the
.15;'. bed is in contact with one side of the separat:.on chamber -
| | and the untilted side of said bed is from about .5 to about

3 cm in distance from the separat:.on chamber.

'The method can further comprise the step of providing a

switching mechanism for bringing the separation chamber in

20 contact with the bed and the magnets, thereby activating the
magnetic field. The method ran also | include pro{riding guide

rails and electromagnetic coils for distancing the

| separatlon chamber and the magnets/bed thereby deactivating

| the magnet::.c £ 1eld




The nethod can further conprise the step of (g) 25 provi ding a

sol ution reservoir and upon deactivation of the ' magnetic field,
i nt roduci ng solution through the inlet and

- 18- WOS%¥Anel s fl ushing out the microsphere atta®fdPSBIGeE
conponents through the outlet. The nethod can also further

conprise the steps of (h) introducing a decoupling agent to t he
m crosphere attached bl ood conponents andl{i) separating 5 t he

magnetic particles and conponents using,the decoupling, ent , d
(] )g reint Irooduci ng tHhe deEgé)ﬁﬁ’%g éﬁgﬁ?gé?‘ﬁ acRed§° P Prg"lqﬁsoodm?fgﬁﬁgnerﬂ%g
and particles mxture into the_s ratlo her cti j n
t he ﬁagnet i C f'f‘%rf"‘byaéq%lu&hnﬁgat %8n%9%ugﬁé g%%?%rge%?fﬁﬁaaﬁl cia[et;%%énd\lﬂ;é )
exiting of they PLbmisk A%y thd stepdl bached Rredssegpanesepatamion he
separ ati on chanper. In one enbodi nent, the separation of the
particles and gh&mber, the Cespansticn byhahbeni egmphis ity oaplplvyraddsyt afo
attach to the bl ood conponents and mi crospheres to deattach. The
met hod 5 wagmetsr ehdr acoppuralitheokt chasnelse NIHRS havr dfdeli Rpd 15

bl ood sanple of step (f) and step (k) .wherein the magnetic _. fi.el d

i s deacti vat edoahtelsol J‘z"‘ieo.nm?@‘? r §§48Ed ‘f‘ﬁf@qer?e on one sF"rﬂeet Ofnd-He

through the chapighérd ! 4ol D8 Qs d NEolBRIPNifen one anotifld |6 Cerdd¥ePuh
magnetic field; and b) providing a bed for supporting the

magnets.

10 BRIEF DESCRIPTION OF THE DRAWINGS:

A more complete appreciation of the present invention
and many of the attendant advantages thereof will be readily
understood by reference to the following description when
considered in connection with the accompanying drawings in

15 which:

FIGURE 1 illustrates a perspective view of the magnetic

system of the presently claimed invention.

FIGURE 2 illustrates a perspective view of the magnetic

apparatus of the present invention.

20 FIGURE 3 illustrates a perspective view of the magnetic
apparatus of the present invention including the separation

chamber, the bed and the plurality of wmagnets.



I n one enbodi nent, the nmethod can further conprise the 20 step of

rei ntroducing the bl ood conponents t'o the renaining © bl'ood sanple
using a collection chanber and controlling the travel of the bl ood
sanpl e, thewdsmzigonponents, solutions and deceeﬁ)ugmssﬁgent '
using a plurality of. directional _ - val ves.. 25 The -
met hod can al so conprise -the step of providing the separ ation
chanber with a bed for supporting theggagnets. - WD '99/42219
-19- ~ The bed is preferably conposed of a magnetizable material

such as soft iroRIGURR al4 Thiusthgitelss &€ pe:l‘hﬂah:t&ﬁ)ﬁl’ Owiew of Iaidlee earth
magnets and preferably NdFeB or SnCo magnets. Each of the

magnet s has®BRCAKPN& AF ofP6si ﬁylheh%marmﬁcr&nlsm sofit hthe| ewagnetiicur t her
conprises the step. of magnet.s so th (get ong of the

rran
pol es rest s BRI A Fef %Eggent inventipn inclyding gotde irils @and
plurality Oéleéér x% @Bgls. ... aligning each of the magnets
side-by-side to e ot er magnets. The axis of each magnet is
per pendi cul ar to the: 'magneti ¢ bed. - 1n-one-enbodi ment, the axis of

each of the get aral |l el tothe axi,s of _t other magnet s
and 5! perpen%qﬂcgal ar ?li‘f%‘g F45shng) Sutaway  view of h&e ‘magnet %
apparatus with guide rails and e_l_ee_tromagnet:r.c qq:r.ls_ in a

_de-energized state..

FIGURE 5b illustrates a cutaway view of the magnetic

‘apparatus in an energized state. . = .

100 0 FIGTJRES 0 a-g J.llustrate overhead views of the various
' magnet:r.c conf:tgurat:.ons of the magnet:.c apparatus of the

present 1nvent10n

'FIGURE 7 illustrates a perspective view of the magnetic

‘apparatus wherein the bed is in a tilted conf'iguratien.
15 'DETAILED DESCRIPTION OF THE PREFERRED EMBOD IMENT:

Referr:.ng now to the draw1ngs where:.n 1:.ke reference
numerals designate ident:l.cal ) _o_r.__ correspondlng _ parts
throughout the several views and more part:r.cularly to FIGURE
1 wherein the system and method of the present invention are
20 _ illustrated Lect:r.n 1s bound to a prote:.n covered _magnet:r.c
particle such as a m:.crosphere in mixing chamber 10 and the

lectin-bound microsphere is ag:.tated with a whole blood

sample in mixing ‘chawmber 12. - The agitation causes the




I n one enbodi ment, the nmethod conprises arranging the magnets in

alternating magnetic poles with a configuration 15 of

nort h- sout h- nQrd bt h, or slightly offset from the

si de- by-si de conti guration. I n anot her enbodi MMGTWUSPHESHt hod
conprises the step of vertically aligning the plurality of magnets
in alternating poles so that there is a vertical line of north
poles 20 al i gned side-by-side with-&3vertical |ine of south poles, or

slightly offset from.the side-l%y-s'de onfi il
ConpPPi

ggr atjon. If s(*
anot her ~ enbodi FbFHCOSRATF &fet Hd _ s Honeblood - comppppnte HEER ot y
aligning the pLujality.of JRONGEEILN plooa sdbfiR.N2t 1 BhePOLTB0EO Sdi1e
there is a horrzonial 1ine of

- 20- Neshta AR 8hégneih Wity Shtkactdd) 818681 ZsutiptnentBe &fe
south poles, or slightly offset from the side-by-side

configuration. then introduced limt® faurfirat eciyadtientppabatust 2odhaoingy ises
arranging 5 t he magnets so that one magnet having one pole is

sur rounded separafiion hehameginesd- of Bpposhmpleoknsesn fthgr chamber 22
The met hod Cant{xg&gger'iggmﬂuagg tzlge_ st%geoghggll’)gri:ngzt rl]uea.s a plurality of
channels‘ 25 and a plurality of tﬁagnets 27. - The magnets 27

are in contact with one another. The magnets .create a

magnetic field and the 'magnetic £field captures the

10 microsphere attached blood components with the channels 25

and the remaining b;Lood (white blood cells, platelets and

plasma) travels through the channels 25 and exits the outlet

24 of the separation chamber 22.

The exiting remaining blood sample. then enters a

15 treatment device 30 such as a UVAR photophoresis system.
The mwagnetic field is deactivated and a solution is
introduced into the separation chamber 22 from a solution
reservoir 14. The solution enters to inlet 23, travels
through the channels 25 and flushes out the microsphere

20 attached blood components through the outlet 24 of the
separation chamber 22. The microsphere attached blood
components travel through directional wvalve 16 and .enterxr '
another mixing chamber 17 wl.l_ere a decoupling agent (such as

sugar or salt) from the decoupling agent reservoir 18 is

25 introduced. In mixing chamber 17, the microsphere attached

blood components and the decoupling agent are agitated

causing the decoupling agent to attach to the blood



w dt hs of the channel_s’.ﬁ The channel. width is ihcreased at an

entrance near the inlet and the channel width is tapered 10 at an exit

near the outlet. The nethod can al so conprise - situating the

plurality of womgaztie underneath the channel - near tBgridoRssyand the

outl et of the separation chanber. "The nethod al so includes tilting
- the bed on one side in relation to the separation chanber. The

tilted side of the 15 bed is in coat-act with one side of the

separati on chanber and the untilted side of said bed is from about

.5 to about component3s ;and rthe stizwroepheves ttre demrasahi.on Thieadbeoupling
The nethod can further conprise the step of providing a - switching
mechani sm f oRIBRF nBEFRCheR RERRE AoHPneReshand; micyosphered BiEFuXR 15 t he

pocham st . Hor ebe bot vat] et e tield  The.
rrgt hgg c;nea?gggﬁgé%?%%eq%reoéi glgtﬁég%%: g'gagtne%lc a?%?’f%a?sgﬁgloceplg%‘?%naagngt ic
coils for HeBhai€idy chiifber 42. SHRATMLIANCIARES Al | taBiineis/ bed

t her eby deactivating t he magnetic fi
-21- s throudheitprishsd 43.nvaehk fixehsd £Iow itladughethpliurality
manuf acturi ng a conti nuous bl ood separating apparatus. The met hod

conprising thé schannadfs 4 pawdi ¢ nplurakpey avifonmagnets 4Fhasbeuatede
separation chanber conprising a plurality of: - . . :
underneath the c¢hannels 45, The magnetic field of the
magnets 47 are activated and the microspheres are captured
within the separation chamber 42. The decoupling agent
10 m:'aEEichéd'blddd'cbmpénenté travel through the channels 45 and
exit outlet 44 of the chamber 42. The treated blood and

- blood components are then reintroduced to one another using

collection chamber 19.

FIGURE 2 illustrates a perspective view of an assembled
15 mégnetic apparatus 50 comprising separation chamber 52 and a.
bed 58. The separation chamber 52 comprises a plurality of
magnets 57 and a plurality of channels 55 having an_inlet 53
and an outlet 54. The bed 58 can be composed of a soft iron
magnetic metal. The magnets 57 are high'energy,rare earth
20 - magnets and preferably NdFeB or SmCo magnets. _The magnets
57 have an axis with opposing north and south poles, and one
of the poles rests on the magnetic bed 58 while the other

)

pole faces the channels 55. BEach of the wmagnets 57 are

aligned side-by-side to the other magnets.

25 FIGURE 3 illustrates a perspective view of a

disassembled magnetic apparatus 50, particularly focusing on

m =



5 .magnets and a plurality of channels having an inlet and

outlet, the magnets being arranged on one side of the channel s and
being in cont‘gg #ih one another to create a magnetic field; and
b) providing B & %or supporting the magnet s. 10 PCT/USBRBSIF
DESCRI PTI ON OF THE DRAW NGS: A nore conpl ete appreciation of
the present invention and many of the attendant advant ages t hereof
will be readily under st ood by ¢2$erence to the follow ng
description when considered in connection with the accanpanyi ng

drawings in the varigyscgomponents of theF#ERi%EQPSIﬂoustﬂﬁﬁe?eé B&r ﬂéctlve
vi ew of the magnet

h tl d t
R 2 T e & UBers HbiEhve IBFALEy ef atanate o 'Ee ' %8’5'&?& us
of the presen,d HFSEt Q. haszgt least %Eev?‘aﬂéd ug& ad egqa Q&ESF&F@ ive

vi ew of the magnet! ara us i present nventlon I ncl udi ng

the separati Qfkparation cﬁam@@rsz tihe 8d rhgiehe tRbUsdgés Vs Pfofmagizebed
-22- FIGURE 4 illustrates a perspective view of one
5 58 and above the plurality of magnets 57.

FIGURE 4 illustrates an alternate embodiment of the

magnetic separation apparatus 50 of the present invention.

The apparatus 50 comprises a separation chamber 52 and a bed

58. The separation chamber 52 has a plurality of channels

10 55 and an inlet 53 and outlet S4. The chamber 52 alsoc has a
plurality of magnets- 57 situated upon the bed 58. . The bed

58 has at least two elevated edges 59 and apertures 61 on

the edges 59. The apparatus 50 also comprises a plurality

of electromagnetic coils 62, each coil 62 having at least

15 two guide rails 60. The coils 62 are attached to the.
chamber 52 . and the guide rails 60 are inserted in the
apertures 61 of the edges 59 of the bed 58. The coils 62

travel up and down the guide rails 60 determining the
distance between the chamber '52 and the magnets 57, thereby

- 20 allowing the activation and deactivation of the magnetic

field of the magnetic apparatus 50.

FIGURE 5a illustrates a cutaway view of the magnetic
apparatus 50 of the ‘present invention in a de-energized or
magnetic field deactivated state. The magnets 57 are set on

25 the bed 58 which has elevated edges 59. The separation

chamber 52 is connected to electromagnetic coils 62. There



enbodi nent of the switching nechanism of the nmagnetic
apparatus of the present invention including guide rails and

el ectronagnetic coils. 5

FIGURE 5a illustrates a cutaway vi

ew of

t he magneti cwoo9ys2219 apparatus with guide rails and el ect r ppgg)sesios€e COI |- S

in a

cutaway view of the magnetic

de-energi zed state. FIGURE 5b illustrates a
apparatus in an energi zed state.

FIGURES 6 a-g illustrate overhead views of the various magnet i
configurations of the magnetic apparatl&??ﬂ: t he ‘present invent

FIGURE 7 ill rat®Sya r'gggg”v iew.:of the_magnetics - eq . [
wherein the blie%tj 4 tg,‘é‘_lﬁﬁé%@%?t e éélo%fhl g?rgé? %0%2 aﬂ@%ﬂ% _e AISEEBr%Eg@?
OF THE PREFERRERSENBOD! MebWeen the chamber Ref @ind RGeN@dghershe7 deavings
wherein like reference =~ nunerals designate identical or
correspondi nged 581t s - throughout the several views and nore
particularly to FI GURE .- . -+ 1 wherein the system and nethod of the
present invention are 20 illustrated. Lectin is bound to a prote
.covered nmagnetic FIGURE 5parillilokeratéd as dubBwaiyosles eof Nthe ximagnebiaber

10 and the

| ectin-bound microsphere is agitated with a whole

sanpl e5i n ni xépparebuab&0 19 th&¥hpragentt iloweptders inhean energized or

10

15

20

25

10
c
i on.
t us

PTI ON

in

blood

magnetic field activated state. The coils 62 are in contact .

with edges 59 thus creating contact between the magnets 57

" on the bed 58.

FIGURES 6a-g illustrate various configurations of the .

magnets in the present invention. FIGURE 6a depicts a

plurality of magnets arranged in alternating magnetic poles
80 ‘that the magnets ~ are aligned side-by-side with  a

configuration -of north-south-north-south. FIGURE 6b

illustrates the magnets in FIGURE 6a ‘slightly offset from. .

the side-by-side configuration. .. . FIGURE  6c depicts a

plurality of magnets vertically_aligned_in.alterna;;ng poles -

'so that there is a vertical line of north poles aligned

side-by-side with a vertical line of south poles. FIGURE 6d
illustrates a plurality of magnets horizontally aligned in
alternating poles so that there is a horizontal line of

north poles aligned side-by-side with a horizontal line- of

' south poles. FIGURE 6e depicts a slightly offset

configuration of FIGURE 6d. FIGURE 6f depicts a slightly
offset configuration of FIGURE 6c. FIGURE 6g illustrates a

'plurall:'ll.ty of “ma'gnets arrangéd so that one magnet having one



-23- . mcrospheres to be bound to bl ood conponents (red bl ood
cells) of the whole blood sanple. The blood sanple

containing the mcrosphere attached bl ood conmponents are t hen

i ntroduced i nW@%/4#31? st magnetic apparatus 20 having a 5 PCTAISAYP351% on
chanber 22. The sanple enters the chanber 22 through its inlet
23. The chanber 22 has a plurality of channels 25 and a plurality
of magnets 27. The magnets 27 -ave in contact with one another.
The magnets create a magnetic field and the mgnetic field
captures theoley is sprzeuR@edr byatatheheondgreds cofipopposingi pleleke on
channel s 25 . .and the remaining blood (white blood cells, platelets
and iR %€Pavel s through the channels 25 and exits the outl et
24 of the separation chanmber 22. " The exiting remining bl ood
sanple then enters_a 15  __treatnent device 30 such as a UVAR

phot ophor esi s systF&fPRE 7 illusheategmanothey empodimenticef vake dnagnretic

solution is . ntroduced i t he separation chanber 22 froma
solution | sepazasioh ABPHERts RO QOIS B Bene, 4SPaRF PR  Wostenh Hh s

through the ghapnelgs 23 apgh flys Q,uﬁ% tgfd? PSRRer €a1250n 4T aGHLed
et 4 of the C

bl ood conponents through the out Separati on Sanber
22. ~The nsepriene chanbee ezl bloed tilted si@QNPONSPL Ehi rBdE!sd LU
directional valve 16 and enter . anot her m xi ng chanber 17 where a
decoupl i ng adest ipisuedntasct with one side of the chamber 52 and the
untilted side 71 of the bed 58 being from about .5 to about

3 om is distance from the chamber 52.

10 Obviously numerous modifications and variations of the
present invention are possible in 1light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims hereto, the invention may be .

practiced otherwise than or specifically described therein.

15



sugar or salt) fromthe decoupling agent reservoir 18 is 25

i ntroduced. In mxing chanber 17, the m crosphere attached " bl ood
conponents and the decoupling agent are agitated causing-the
decoupl i ng agebd/ie® attach to the bl ood '

- 24- conponents and the m crospheres to deattach. Pc%usg%{%sgoupl ing.

agent attached bl ood conponents and m crospheres m xture is

introduced to a second nagnetic apparatus 40 having a-
separation chamber 42. The mixture ef2&fs the chanber 42 5 ~ through
its inlet. 4%F'I£Pe mxture flows through a plurality . of channels
45 and pl'urality of magnets 47 situated - under neath the

channel s 45. The g eté field of the magnets 47 are activated
and the ni ci&@5hdfeS ?‘ st

The decoupling agent attached bl ood conponents travel through the
channel s 45 and - : exit out | et- 44 of  the-chanber 42. = “The treated
bl ood and 1.bl omdnmgnqmltermystamehahﬂig reimiltdddtmensbomale anot her
-using - . collection chanber 19. ~~ FIGURE 2-illustrates a

per specti ve griaddent for asaeniruets, 15n-11n@m§ﬁpﬁnatlanpafaausoﬁﬁbnammpr|5|ng
‘separ ation chamber 52 and a ‘bed-58. The. separation chanber 52

conprgses a filowr al miytofe of chemlcagnehsléﬁééuubaidpby&aémtcbmﬁrﬂﬁimgnels 55
havi ng an |nlet 53
(a) at least one m1x1ng chamber for agltatlng a
mlxture of chem1cal entltles and magnetlc partlcles, the

partlcles belng attached to a component of the mixture upon

agitation; and

i ”__(b); at least one separation ché%bcr;.gcia“

- separation chamber comprising a pluralitj of_magnets;and a
plurality of channels having an inlet and an outiet, said
mégnets being arranged on one sidé_by said channels and
being in contact with one another to create a magnetic -

15 field, the mixture containing the magnetic particle attached

| coﬁpcnents are introduced into said inlet of said chénﬁéls
of said separation chamber, said magnetic field of said
magnets captures the magnetic particle attached compcncnts_
within said channels and the'remaihing mixture exits said

20 outlet of said channels of said separation chamber.

2. The magnetic system of claim 1 further comprising

a solution reservoir for introducing solution through said

L

‘ur ed wi thin the separation chanber 42.




and an outlet 54. The bed 58 can be conposed of a soft iron

magnetic netal. The nagnets 57 are high energy rare earth 20 magnet s
and preferabl &#}S{:ﬁﬁ or SmCo magnets. The magnets 57 have an axis
wi th opposing 3nd sout h pol es, and one of t he PEBIUSE9/038%t s on
the magnetic bed 5B while the other pol e faces the channels 55.
Each of the nagnets 57 are al i gned si de-by-side to the other

magnet s. 25 FIGURE 3 illustygates a perspective view of a

di sassenbl ed HRYEEtaNd apfal dhuandDs H&F L TUEAMGY LeCYikNHagietic
- 25- t he vari ous conmponents of the apparatus 50. e bed 58 has

a surface upopawbieélbe aatddsrdla E&smpénmeﬂr&o%t@rs‘aﬂ bﬁ@félt of saig 'he bed
58 has at | east two el evated edges 59 and t - separation chanber 52

i's set betweeghhhfe®6l05 £ OkephPabedn crhambezS g%ﬂddéQQt‘.’fvétbformdf ghlt y of

magnets 57. FIGURE 4 illustrates an alternate enbodi nment of

t he NREBREE Tc SERAIR HroBudl@ bRt 45i P e present invention.
The apparatus 50 conpri ses tgsepar atl%n chag%agne& and a bed 58.

The separation chanber 52 has a plurality of channels 10 55 and an

inlet 53 and outl e$.54.Thelhgnlanbesy. §2er@|&£3 él%%nﬁz further Pbdigdidin
magnets 57 situated upon the bed 58. The bed. 58 has at | east two
el evat ed edges a8ceus) Bipldgén®s rbdepPoir for 1ntroduc1ng a decoupling

agent to the magnetic particle attached components.

4. The magnetic system of claim 3 further comprising
an additional mixing chamber for agitating the decoupling
10 agent and the magnetic particle attached components allowing

the separation of the magnetic particle and components.

5. The magnetic system of claim 4 wherein the
separation of the magnetic particles and components is
caused by the decoupling agent attaching to the components

15 "“and causing the magnetic particles to deattach.

6. The magnetic system of claim 4 wherein the
components and magnetic particles mixture are reintroduced
into said separation chamber and said magnets are
reactivated to produce the magnetic fiéld which captures the

20 magnetic particles and the components exit said outlet of

said channel of said separation chamber.

IR O



e

the edges 59.' The apparatus 50 al so conprises a plurality: of
el ectromagnetic coils 62, each coil 62 having at |east 15 two gui de’
rai'ls 60. The coils 62 are attached to the . ~ . chanmber 52 and the

gui de rail swé69y@s® i nserted in the apertures 61 gleriligoegdaes 59 of

the bed 58. The coils 62 travel up and down the guide rails 60
determ ning the . di stance between the chanber 52 and the magnets 57,
t hereby 20 allowi ng the activation and deactivation of the nagnetic
field of the magnetic apparatus 50. = -30- FIGURE 5a illustrates a
cutaway view of the ni§fempgnetic systggpafaclsi®( othemednptheent invention
in a de-energized.or.. . . magnetic fjeld deactivated state. The magnet s

.57 are set o@eCQRPllng ageneds 531948 .ch has el evat ed edges 59.  “'The

separation: .. ~ .. chanber. 52 is connected to. electronagnetlc coils 62.
There ' WO'99/ 42219 - 26-
is a distance bet8ween Tﬂ‘ﬁe“‘éﬂi‘?"sl%zsmﬂt & eélges yFurtber fgrprising g

di stance between the chanber 52 and the nagnets 57 onh the -~~~ ¢ bed 58.

FI GURE 5b |Iau%1¢%ﬁmﬁﬁtadévteﬂe§°WwQﬁ@&ﬁinshéhﬁagﬁmﬂlnin95mIXtuﬁﬁparatus 50 of
the present invention in.an energized.or. . R nagnetlc field activated

state. The coils 62 are in contact
5 5. The magnetlc system of clalm 6 further compr1s1ng

a collectlon chamber for re1ntroduc1ng the components to the

remaining mixture.

10. The magnetic system of clalm 6 further compr1s1ng

.a plurallty of dlrectlonal valves for controlllng the flow

10 ‘ _of the mlxture, components, solutlons and decoupllng agent

11. The magnetlc system of clalm 1 whereln said
separatlon chamber further comprlses a bed for supportlng

said magnets.

12. The magnetic system of claim 11 wherein said bed

15 is composed of almagnetizabie soft iron metal.

13. The magnetic system of claim 1 wherein said

magnets are NdFeB magnets.

14. The magnetic system of claim 1 wherein said

magnets are SmCo magnets.

20 15. The magnetic system of claim 11 wherein each of

said magnets has an axis with opposing north and south

A

. —



W th edges 59 thus creating contact between the magnets 57 on the
bed 58. FI GURES 6a-g illustrate various configurations of the
10 magnets in the present invention. FI GURE 6a depicts a

plurality of WR3NER2EY arranged in alternating magnetic pol esPCTAUS99/03578¢

that the magnets are aligned side-by-side with a

configuration of north-south-north-south. FI GURE  6b

illustrates the magnets in FI GURE 6a in_g?tBIy of fset from 15 t he

si de-by-side canfiguration,_. FI GJRE, “6¢c_ depicgts, a urality
of nagnets verR3EAIl y &l ?gn%%l‘? rPoéetselrﬁgﬁsnanpﬁ?’gécbed and thg ?ﬁ%&t here is

a vertical |ine.of north_poles. alianed \ i de-by-side with vertica
line of south %%]teeﬁcﬁﬁcf&ié eélural%q:y 9f Fadd, 5?%%“%1]?% Lfrad% B5F+81 gﬁagnet s
hori zontally aliqgned in, ,20 al.ternatin | es, so that ,there is

hori zont al ?/i RAGE OF said magpets hging m’gﬁgglg%%? iR e e?h 8agh

hori zont al n | GURE, .6e depicts

i ne_of . sout h | es. . .F ,
slightly off<f said magn@’éﬁf’?@’cﬁ%%ﬁﬂﬁw eldeRey peide 49 rGFaagpi cts a

slightl of fset configuration of FIGURE 6¢c. FIGURE 6g illustrates a
25 %I ur al P38 Sragnet s arranged so that one nagnet havi ng one
-27- pol e i s surrounded by other magnets of opposing poles on

four sides. . . .
16. The magnetic system of claim 15 wherein said axis

of each of said magnets being parallel to said axis of other

magnets and perpendicular to said channels.

17. The magnetic system of claim 15 wherein said
10 plurality of said magnets are arranged in alternating
magnetic poles so that said magnets are aligned side-by-side

with a configuration of north-south-north-south.

18. The magnetic system of claim 17 wherein said
magnets are slightly offset from the side-by-side

15 configuration.

19. The magnetic system of claim 15 wherein said
plurality of said wagnets are vertically aligned in
alternating poles so that there is a vertical line of north
poles aligned side-by-side with a vertical line of south

20 poles.
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"FIGURE 7 illustrates another enbodiment of t he magnetic . separatlon

apparatus 50 of the present invention wherein the 5 bed 58 s
tilted on one side 70 in-relation to the - separation chanber
52. The tilt®dosisdee 70 of the bed 58 can - be in copé.ﬁﬁég 05%5] one.
si de of the chanmber 52 and the . untilted side 71 of t Be 8 being
from about .5 to about S 3 cmis distance fromthe chanber 10
Obvi ousl y nunerous nodifications and variations of - the present

i nvention are p033|ble in light of the3above = t eachi ngs. - S

.therefore to be waler stheodaghat ioi $ystrert o€ claim 193ﬂ&a&mnfsahd appended

clains hereto, the .invention my be - practlced otherMAse t han or
speci fi cal | ymdgsets herk tsidgbtly offifet from the side-by-side

- 28- _.CLAIMS What |s Cained Is: 1. A magnetic

systen1haV|ngoﬁfigufatxﬁmnen5|onal .~ gradi'ent"for continuous, on-line

~separation of ‘a conponent 5 fron1a nlxture of chem cal entities, said

system conpri si ng: “-"*“'4"“ ~(a)y - ~l-edst *one" mi xi-ng “chanber for
agitating a. 21. The magnetic system of clalm 15 wherein sald

5 plurallty of said magnets are horlzontally allgned in.
alternatlng poles so that there is a_horizontal line of
" north poles aligned side-by-side with a horizontal line of
nséﬁﬁh poles.. o | |
22;'.The magnetic system of claim 21 whereih said
nlo piurality of said magnets are'slightiy offset from thepside-

by-side configuration.

23. The magnetic system of claim 15 wherein said
magnets are arranged so that one maghet having one pole is

surrounded by other magnets of opposing poles on four sides.

i5 24. The magnetic system of claim 1 wherein each of
said channels has varying widths, said channel width is
increased at an entrance near said inlet and said channel

width is tapered at an exit near said outlet.

25. The magnetic system of claim 15 wherein said
20 plurality of said maghets are situated underneath said
channel near said inlet and said outlet of said separation

chamber.
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m xture of chem cal entities and nmagnetic particles, the particles

being attached to a conponent of the m xture upon agitation, and

10 %&b%@ at | east one separation chanber, said

separation chY®¥4288nprising a plurality of nagnets and a PCT/US99/03579
plurality of channels having an inlet and an outlet, said magnet s
bei ng arranged on one side by said channels and being in contact
with one another to create a magnetic ];a field, the m xture containing

the magnetic partlgérsa{,ﬁeacma%%etﬁc S?’Etg'ggfaﬁms r1 " e;__gggugg P said

Inlet of said chan er, sald nmagnetic
field of said . net s G tyres netic r t ached
conmponent s is tllﬁf?h?’% L F 5T anRelrs ﬁﬁo?q;eo rse%adlmﬁal hggggl ure exits
said 20 mgt of said channel s of said separation chanber

2. The magne#‘@ Etemof claim1 further conpri sing a solution
reservoir for |ntroducing sol ution through said

- 29- i nl et d chan els for flu ouf n
particle attached g o’#’%t%aqrhe &Lfgﬁygé g j;?q“(‘)f sal %r@g’ Sai&channel S
of said_separat, gqﬁg;hagber u Olnd %%%Cthitlggn%%é he, 1 ane si gggt% %I eld

produceﬁ by s& -sys em o aim2

further Conprlsba%atlon chamber and an untilted side of said bed being

from about .5 to about 3 cm in distance from said separation

chamber.

28. The magnetic system of claim 11 further comprising
10 '~ a switching mechanisé for bringing said separation chamber
in contact with said plurality of said magnets and said bed
thereby activating the magnetic field produced by said
magnets and for distancing said separation chamber fxom said
plurality of said magnets and said bed thereby deactivating

15 the magnetic field.

29. The magnetic system of claim 28 wherein said
switching mechanism comprises a plurality of guide rails and

electromagnetic coils.

30. The magnetic system of claim 1 wherein the
20 magnetic particle is a microsphere that is ligand covered

and coupling agent bound.

A



a decoupling'agent reservoir for |ntrodu0|ng a decoupllng - agent to

the magnetic particle attached conmponents. 4. The magrietic M
system of cl.aim3 further conprising an additi onal m xi-ng chamber i
for agitatypepdp@ decoupling 10 agent .and the rragn s%%sts%c' e

attached conponents allowing . the separation of e magnetlc

particle and conponents. - - 5. The magneti c system of -claim 4
wherein the . separation .of the magnetic particles and conponents is

caused by t he, decoupl ing agent attacS’nﬂg to the corrponents 15 and
causi ng the magmet i Thpandgreitde sgstiemtéficdlaim 30 wherein sai@ The nmagnetic

system of claim4.wherein the - ~conponents .and magnetic particles

m xt ure arle.g*anan‘ieodupﬁmtem and saidtecowsl ihes egenat ionledtanber -and said
magnets are reactivated to produce the magnetic field which
captures -the 20 ‘magnetic particles and the conponents ‘exit said outlet
of saBd. chAmmgrneﬁlcsap;tasapas dbavoimg lranpdti-dimensional - WD

99/ 42219 - 30- - 7. The

magneti c sgwatdﬂenaf foraseprariencofi témeponents fzvdsmcauqnixugraa@t IS sugar.
8. The magnetic system of claim1 further corrprl Si ng
S chemlcal entities, said apparatus comprlslng SR

-a separatlon .chanber conorlslngl.a.-plurallty of .
magnets and a plurality of channels hav1ng an 1nlet and an
' outlet,: sald. magnets being arranged on one’ s1de of sald -
ohannels and belng in centact w1th one another to create a =~ . . . -- L?
10 '”'magnetlc fleld ‘a mixture of chenloal' entities oontaining B

magnetlc partlcle attached components is 1ntroduced into

sald inlet of said channels of said separation chamber, said
_magnetle field of said magnets captures the magnetic
‘particle attached oomponents within said channels and the
15 renaining nixture exits said outlet of aaid channels of said

separation chamber. = -

33. The magnetic apparatus of claim 32 wherein'said
separation chamber further comprises a bed for -supporting , - f

said magnets. - . - . - . - ..

20 - 34, The“magnetie apparatushof}claim'33 wﬁerein'Said . :

bed is composed of a magnetizable soft iron metal. -




a treatnent device for treating the remaining mxture. 5 9.

The magnetic systemof claim6 further conprising a collection
chanber for relntrodu0|ng the conponents to the remai ni ng _m xture.
10. The magM¥@P¥42Pstem of claim 6 further conprising PCTUSI TR al ity
of directional valves for controlling the flow 10 of the m xture,
conponents, solutions and decoupling agent. 11. The negnetic
systemof claim1l wherein said sggaration chanber further conprises
a bed for supporti é"%ﬁ#%f%t £ cl 32 whereikN8af@gnetic
syst em of clain111q§%ere|n sa?@é%%d 958 cg§%gged of ‘a magneti zabl e
soft iron net Epe magneti c systemof claim1 wherein
. et
sai d 6‘La@ﬁlneefts&; die Rﬁﬁgg ‘Jé% 14. The magnetic
systemof claim1l wherein said . magnets are SnCo nagnets. 20
15. - The magnetic systemnafl ng E‘lélaﬂié?faﬁ:'d?a e2ch12im 32 where'i@i @agmgnet s
has an axis with opposing ngr%ﬁéand sout h WO 99/ 42219

e magnets are SmCo magnets.

5 37. The magnetic apparatus of claim 33 wherein each of
said magnets has an axis with opposing north and south
poles, one of said poles rests on said bed and the other
pole faces said plurality of said channels, said axis of
each of said magnets being perpendicular to said bed, each

10 of said magnets being aligned side-by-side to other said

magnets.

38. The magnetic apparatus of claim 37 wherein said
axis of each of said magnets being parallel to said axis of

other magnets and perpendicular to said channels.

15 39. The magnetic apparatus of claim 37 wherein said
plurality of said magnets are arranged in alternating
magnetic poles so that said magnets are aligned side-by-side

with a configuration of north-south-north-south.

40. The magnetic apparatus of claim 39 wherein said
20 magnets are slightly offset from the side-by-side

configuration.
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- poles, one of said poles rests on said bed.and the other pol e faces

said plurality of said channels, said axis of each of said magneéets
bei ng perpendi cular to said bed, each of said nagnets being aligned
si de- by-si davoesrazieer said 5 nmagnets. ¥oriEbsossmonet i c
system of claim 15 wherein said axis of each of said magnets being
parallel to said axis of other _ magnet s and perpendicular to said

- channel s. : 17. The magnetic systen1of claim 15 wherein said
10 plurality of sajd 8nets are a?Fangeg n altern%é% 4 _
magnetic pol es sd¢-hathe€ald ﬂ%\ﬁ'ﬂet?p&r@t&ﬁa ety S Hhy Sgn sai with a
configuration_of north-south-north-sou 8., The magnetic
system of clBFWEatE hefepat a‘f‘%gnets are Yaghical Ly ea]s’ﬁ“j'#l I"? of f set from
the side-by-sjde 15 onfi gur.at.i %ﬂ- magneti c
system of “cl aHHEAREIRG BPRSSaF that therﬁl&FaP|Y3r§ﬁ°§§a ﬁe?é&
vertically aligned_in ) alternatln pol es so that there is a vertlca
line of nortReles aligngg gidgrbyriifes it og- gFHE‘%ﬂ%f%%P%/ tFEHPhllne of
south 20 ol es. - 32- :

5 poles. : : _ !

_42L The magnetlc apparatus of c1a1m 41 wherein said

magnets are sllghtly offset from the 51de by-s1de

_ oonflguration. : :

43. The magnetic.apparatus'of_claim 37 wherein said ..
10  plurality of said maonets are horizontally aligned in -
alternatlng poles so that there is a horizontal 11ne of
__north poles allgned side- by sxde w1th a hor1zonta1 line of

south poles.

44. The magnetic apparatus of claim 43lwherein said -
5 .plurallty of sald magnets are sllghtly offset from the s1de-

by-side configuratlon

45. The magnetic apparatus of claim 37 wherein said
magnets are arranged so that one magnet having one pole is

surrounded by other magnets of opposing poles on four sides.

20 46. The magnetic apparatus of claim 32 wherein each of

said channels has varying widths, said channel width is
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20. The magnetic system of claim 19 wherein said magnets are

slightly offset fromthe side-by-side configuration.

21. The nmagnetic system of claim 15 wherein said 5 plurality of said
nmagnets are H‘(ﬂ”ﬁ‘&ﬁgal ly aligned in al ternating pdEse t
there is a horizontal |ine of north pol es aligned side-by-side
with a horizontal |ine of sout h pol es. 22. The

magneti c system of claim 21 wherein saig7 1 plurality of said nagnets

0
are slightly offagkehrgpm Lhe C@axdagnwfs near zald SLAIR GO QHHALLMe

23. The magnetic systemo gnets are

arranged so th%ﬁqug Q?Edh$¥ % ngg égld outlet-surrounded by ot her
ou

magnet s of oppoOsi hg po s on 24. The nmagnetic
system of claim 1l wherein each of sai d channel s has varying

widths, sald channgl wpgbhyhgnetic datpﬁara%geaﬁeglﬁm% Yhei-aanCghedr said

I nl et and sai d channel I's tapered at an exit near sa

outlet. ol ur a'qll.{rallft So%5sa13_ 1'a'r(é §¥L?u§gl:8fur?ci é{!ha{gxawg%e' n Sa' d

20 aid nagne are S|tua ander ne

gﬂ:%g% near &?anqxeln hggraﬂglaai&e%ﬂén%t dS guglég PS¢ aé;,{l(%ﬁ separation

chamber.

48. The magnetic apparatus of claim 33 wherein said
bed is tilted on one side in relation to said separation

chamber.

10 49. The magnetic apparatus of claim 46 wherein said
tilted side of said bed is in contact with one side of said
separation chamber and an untilted side of said bed being
from about .5 to about 3 em in distance from said separation

chamber.

15 50. The magnetic apparatus of claim 32 further
comprising a switching mechanism for bringing said
separation chamber in coﬁtact with said plurality of said
magnets and said bed thereby activating the magnetic field
produced by said magnets and’for distancing said separation

20 chamber from said plurality of said magnets and said bed

thereby deactivating the magnetic field.
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- 33- ~'26. The magnetic system of claim 11 wherein said bed

is tilted on one side in relation to said separation chanber .

27. The magnetic system of claim 26 wherein said 5 - tilted side of said
bed is in comomout h one side of said ~ separ ati onpefigsdifss7and an
untilted side of said bed being fromabout .5 to about 3 cmin .
di stance from said separation “chanber . 28. The
magnetic systemof claim21l further conprising 10 . a switching

mechani sm for bringing said separation38tanber in contact with

said plurality of5sai Cheagrgnetandapparhthed of claim 50 hwhextminaeniidat i ng t he
magneti c field produced by said - magnets and for distancing said
separ ati on chaibehing cmclwmindsm is a plytakialy bf gfiidei datiegreds and said :
bed t hereby deactivating 15 the magnetic field. 29. The
magnet i ¢ syseéscofomdgneaniz cotidsei n said swi t chi ng nechani sm :
conprises a plurality of guide rails and el ectronagnetic coils.
30. The magnetic systemof claim1l wherein the 20 magnetic particle is

a mcrosphere tha%$2is Thegmnebmer apparatus of zidimodd| wheyreigethebound.
5 = magnetic_particle is a microsphere that is ligand covered

and coupling agent bound.

53. The magnetic aﬁpafatus of claim 52 wherein said

ligand is a protein and said coupling agent is lectin.

S4. A magnetic-system having a multi-dimensional
10 'gradient for continuous, on-line separation of blood
componénts from a whole blood sample, said system -

 comprising:’

(a) at least one mixing chamber for agitating a
blood sample and magnetic particles, the magnetic particles
i5 being attached to a blood component of the blood sample upon

agitation, and

(b) at least one separation éhamber, said
separation chamber comprising a plurality of magnets and a
- plurality of channels having'an inlet and an outlet, said
20 magnets béing arranged-on one side by said channels and

being in contact with one another to create a magnetic

field, the blood samples containing the magnetic particle
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31. The magnetic system of claim 30 wherein said ligand is a
protein and said coupling agent is lectin. 32. A magnetic
appar at us havgﬂg)ﬁ qulti-dinensional gradi ent for separation of
conponents fr R4 %t ure of 5 chemical entities, saidPEFfPHY
conpri si ng: a separation chanber conprising a plurality
of magnets and a plurality of channels having an inlet and an
outlet, said magnets being arranged--om®ne side of said channel s
and bei ng i n a&taghedvbiecdrrompemense avecintraduwced Gnto sahgniblet fofel d, a
m xture of chem cal entities containing magnetic particle attached
conponents i $3igk cbaneels off Faid separshidni chatbexf, saiid wagneeis of said
separation chanber, said magnetic field of said nmagnets
captures the figdgnefi 8aid magnetgacapthreat the hexbreanipopartéchet hi n sai d
channel s and the 15 remai ning mxture exits said outlet of said
channel s of sa&tdached blogdpnmpionentshaibbkin said channels afd. thdhe
magneti c apparatus of claim 32 wherein said separati on chanber
f urt her5 conpr ixsp@aiaibgdblord sagupdiet iexdts said owtlat EYBALE. charflels of
34. The magnetic apparatus of claim 33 wherein said

: said separation chamber. '

55. The magnetic system of claim 54 further comprising
a solution reservoir for introducing solution through said
inlet and said channels for flushing out the magnetic
10 particle attached blood components through said outlet of

said channels of said separation chamber upon deactivation

of the magnetic field produced by said magnets.

56. The magnetic system of claim 55 further comprising
a decoupling agent reservoir for introducing a decoupling

15 " agent to the magnetic partiéle attached blood components.

57. The magnetic system of claim 56 further comprising -
an additional mixing chamber for agitating the decoupling
agent and the magnetic particle attached blood components

allowing the separation of the magnetic particles and blood

20 components.

58. The magnetic system of claim 57 wherein the

separation of the magnetic particles and blood components is
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‘bed is conposed of a magneti zabl e soft iron netal.

- 35- '35. The magnetic apparatus of claim 32 wherein sai'd

magnets are NdFeB magnet s. 36. The nmagnetic apparatus of:

cl ai m 32 wherwo ps/e2219d _ magnets are SnCo nagnets. 37.
The magnetic apparatus of claim33 wherein each of 5‘"“@”#%5ﬁets has
an axi's with opposing north and south pol es, one of said poles’

rests on said bed and the other 40pole faces said plurality of .said
channel s, sa ai ne b g [ pendi cular to
sai d bed, ea%%‘g%?o%yokhe ?e°°“%f%g ageél bé’}?%g - ?\zé’d%?l dgggy&)m de to other
said gﬁggﬁ magnet i.c _.appa f claim37
wherei n sai d° s and ca¥81%% %ggPag égklﬁ%?snggpégé to said
axi s of " ot her nagnets and perpendicular to said channels. - 15

39. The ”ﬁgnet'cssapp%étiﬂégﬂé R}Béﬁ %eéfé{h%f’# qrhereln the 18 ity of

sai d magnets are “arr-anged. in. ter tic poles so that

said magnet s, éﬁéﬁ#ﬂﬂﬂ&“EﬂdSEQShéﬁ&é“ﬁgétlcles mlxﬁﬂéé‘d%eCQEihgyééﬁééH‘ of

nort h- sout h-nor
5 into said separatlon chamber and sa1d magnets are

reactivated to produce the magnetlc fleld wh1ch captures the
_magnetlc partlcles and the blood components ex1t said outlet

'of sald channel of sald separatlon chamber

"T”wsp'- The magnetlc system of claim 56 whereln the

10 . rdecoupllng agent is sugar

61. The magnetic system of claim 54 further comprising

~a treatment device for treating the remaining blood sample.

62. The magnetic system of claim 59 further comprising
a collection chamber for reintroducing the blood components

15 to the remaining blood sample.

63. The magnetic system of claim 59 further comprising
" a plurality of directional valves for controlling the flow
of the blood sample, blood components, solutions and .

deconpling agent.

20 64. The magnetic system of claim 54 wherein said
gseparation chamber further comprises a bed for supporting

said magnets.-
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40. The magnetic apparatus of claim 39 wherein said 20 magnets are

slightly offset fromthe side-by-side configuration.

- 36- 41. The magnetic apparatus of claim 37 wherein said
plurality of WHi'¥4RYnets are vertically aligned in aPEBURRNOBSTY poles
so that there is a vertical line of north pol es aligned
side-by-side with a vertical line of south 5 pol es. 42.
The magnetic apparatus of claim4l whereLg,said magnets are

slightly offset fromgstherskdgaby é&.cgesgrstem of  EP&{h %4 %hié%@ln said bed
43. The magnetic apparatus of claim 37 wherein said 10 plurality of

sai d magnets args geaabkya%@mdame soft ifbd Shdtady ng pol es so that
there is a horizontal |ine of north poles aligned side-by-side with

a horizontal |ine of sout h pol es. 44. The nmagnetic

apparatus of clai m 4% whehsi Ragiéthc Js@scem BEugghih Vs Ofwidiednegngt s are
slightly offset fromthe side- by-side configuration.

45.  The nagnetjLaaahakURaPls ChadRed, Wherein said -

5 67. The magnetic system of claim 54 wherein said

magnets are SmCo magnets.

68. The magnetic system of claim 64 wherein each of
said magnets has an axis with opposing north and south
poles, one of said poles rests on said bed and the other

10 . pole faces saild plurality of said channels, said axis of
each of said magnets being perpendicular to said bed, each
of said mégnets being aligned side-by-side to other said

magnets.

69. The magnetic system of claim 68 wherein said axis
15 of each of said magnets being parallel to said axis of other

magnets and perpendicular to said channels.

70. The magnetic-system of claim 68 wherein said
plurality of said wmagnets are arranged in alternating
magnetic poles so that said magnets are aligned side-by-side

20 with a configuration of north-south-north-south.
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magnets are arranged.so that one hagnet havi ng one pole is

surrounded by other magnets of opposing poles on. four sides. 20

46. The magnetic apparatus of clai'm 32 wherein each of sai d
channel s hasyyew4gswg wi dths, said channel width is PCT/US99/03579
- 37- I ncreased at an entrance near said inlet and said channe
width is tapered at an exit near said outlet. 47. The
magnetic apparatus of claim32 wherein,said plurality of said

mgnet s are si t uajgd %ea{;gaaaéwstei of (408ANF) Sles3A5d1gn! et and

said outlet of sald separa 8. The

magneti c appﬁggﬁé?s Oa{r Is ?“ \Mgf}fgé‘p fsr%'mdtgﬁ %de tpfd t| I ted on one
0

~side inrela sal LiYon 49.
nmagneti c appg ¥§u§% a|n146 wherein said tilted side of said
bed is in cont % one side of said - separation chanber and an

‘untilted side of sald bed belng S “fromabout .5 to about 3 cmin

di stance from Sa' pﬂ{al mggﬁt%c ?%sten?ro%méiaim G&Qflhereln saléo _ The

magneti c apparatus of
5 . plurallty of sald magnets are vertlcally allgned in

alternatlng poles so that there is a vertlcal 11ne of north -
poles aligned side- by-81de w1th a vertlcal 11ne of south
ﬁpoles:w
73. The magnetlc system of clalm 72 whereln sald
10 _ magnets are sllghtly offset from the 51de-by-51de '-'

conflguratlon

S 74, The magnetiq éYStQM~Qfm¢iaimw§3 whereinvsaid
_plurality of said maénets are horisontaliy aiigned_in
alternating poles so that there is a horizontal 1ine of
15 -north poles allgned slde by—side w1th a horizontal line of

south poles.

75. The magnetic system of claim 74 wherein said
magnets are slightly offset from the'side-by-side
.configuration.

20 76. The wmagnetic system of claim 68 wherein said

magnets are arranged 'so that one magnet having one pole is

surrounded by other magnets of opposing poles on four sides.

Ll
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conprising a. swtching nmechani smfor bringing said separation

chanber in contact with said plurality of said magnets and said
bed thereby activating the nagnetic field produced by said magnets
and for distaWANY2¥8i d separation 20 chanber from sai PQIVUSOHRIISTY of
sai d magnets and said bed t hereby deactivating the magnetic field.
WD 99142219 - 38- 51. The
magneti ¢ apparatus of claimb50 wherein s%td swi tching nechanismis

lurality of gui j | d .. & i i]s.
527 "The magnet Lo Abpar e SRGReELS RYSATIRE Sirigs anefeds aach of
bound. | "e31d" SERUES 1 yabied SO SR 4, prepne R AR n Sl
| di - ot ei d i d | i t is lectin. . 54. A
magnet i ¢ syst SREFERTSY A5 i CACHPRERSRoRE) sadd inlet;And; eatd (et i nuous,

on-1ine separation of bl ood conponents froma whol e bl ood sanpl e,
sai d system wideh 18 JARGREG G- an exit near said °uﬁift'at | east - one mi xi ng

chanber for agitating a

S 78. The magnetic system of claim 68 wherein said
plurality of said magnets is situated underngath_ﬁaid
channel near said inlet and said outlet of said separation

chamber.

79. The magnetic system of claim 64 wherein said bed
10 is tilted on one side in relation to said separation

chamber.

B80. The magnetic system of claim 79 wherein_said
tilted side of said bed is in contact with one side of said
separation chamber and an untilted side of said bed being

15 from about .5 to about 3 cm in distance from said separation

chamber.

81. The magnetic system of claim 64 further comprising
a switching mechanism for bringing said separation chamber
in contact with said plurality of said magnets and said bed
20 thereby activating the magnetic field produced by said
magnets and for distancing said separation chamber from said

plurality of said magnets and said bed thereby deactivating

the magnetic field.
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bl ood sanple and magnetic particles, the magnetic particles 15 bei ng

attached to a bl ood conponent of the blood sanple upon _ agltatlon
and : (b) at | east one separation chanber, said o
separati on” oy@pdpgisconprising a plurality of nagnets and Feimseiiaso - :
plurality of channels having an inlet and an outlet, said 20 ‘magnet s
bei ng arranged on one side by said channels and - bei ng in contact
with one another to create a nagnetic field, the blood sanples
containing the magnetic particle. -44-
- 39- att azhedrid oedmeatdposgstean s dlatimoducederedo ssdidd i nl et of
said channel s of said separation chanber, said nmagnetic field.of
sai d magnet swdaphin® snddimningebmnprpses iL£/plurality of agtidderhilisoedd
conponents w thin said channels and the 5 remai ni ng bl ood sanpl e
exits sai d ejekeromdgmetiit ecdneel's of -~ - - gai d-separati-on-chanber. _
. .55. The magnetic system of claim54 further conpr|5|ng a solution
reservoir -for introducing ‘'sol uti6n t hrough-sai d- e+ bl et--and said

channel s for fIushLngmhnnmagmet&agsgstem di)clalmpantwhésexmttimhed bl ood -

conponents through said outlet of " said channels of said separatloh'

chambgr upomadmacicvpditiicle is a mlofosphersagmamldsflégdn¢wanksnsd by said
magnet s.

and coupling agent bound.'

84. The magnetic system of claim 83 wherein said

ligand is a protein and the coupling agent is lectin.

85. The magnetlc system of clalm 54 whereln the blood
10 components can be selected from a group con51st1ng of red .
blood cells, whlte blood cells, platelets and plasma borne
components.
86. The magnetic system of claim 54 wherein the whole
' blood sample is a mixture of chemical entities.
15 "~ 87. A magnetic apparatus having a multi-dimensional-

_gradlent for separatlon of blood components from a whole

_blood sample, said apparatus compr1s1ng

a separation chamber comprising a plurality of

magnets and a plurality of ohannels_haning an inlet and an
20 °  outlet, said magnets being arranged on one side  of said
channels and being in contact with one another to create a

magnetic field, a blood sample containing magnetic particle
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56. The magnetic systemof claim55 further conprising a

decoupl i ng agent reservoir for introducing a decoupling 15 agent to
the magnetic particle attached bl ood conponents. 57. The
magneti c syst&f’h 9Y#228% ai m 56 further conprising an ROWUBIURP

m xi ng chanber for agitating the decoupling agent and the nmagnetic
particle attached bl ood conponents all owi ng the separation of the
magnetic particles and blood 20 cogmponent s. 58. The

magneti c syst efpracnelablobd WaapehantBeis introdudédaintdoBadd tLhEetnggetic
particles and bl ood conponents Is

- 40- Cassd BMahf€lSleFUPEAN afRAlra@ibAC it ,t h8a Dl OGthgnetic
conponents and causing the nmagnetic particles to deat t ach.

59.  The magnetiiedasyPemMsidC! alagnetsWhesgtirdde thdOtnagnetic _Cpamqaqet S
and magnetic particles m xture are reintroduced 5 Into sa

separation chaiglcnaad BabSd "BHMche@t® within [RAG! | VAkRAe1S narrmueaet he
magnetic field which captures the magneti c particles and the bl ood

conponegt s ex'ﬁeﬁﬁidanUBhGBd sample éﬁlﬁﬁ“éilﬁh389$ét0$fS@éﬁhEﬁﬁﬁﬂﬁﬂlboBf
chanber . . The magnetic systemof claim56 wherein the 10

decoupling agefdid %e%'égﬁh.on chamber.

88. The magnetic apparatus of claim 87 wherein said
separation chamber further comprises a bed for supporting

said magnets.

10 89. The magnetic apparatus of claim 88 wherein said

bed is composed of a magnetizable soft iron metal.

90. The magnetic apparatus of claim 87 wherein said

magnets are NdFeB magnets.

91. The magnetic apparatus of claim 87 wherein said

15 magnets are SmCo magnets.

82. The magnetic apparatus of claim 87 wherein each of
said magnets has an axis with opposing north and south
poles, one of said poles rests on said bed and the other
pole faces said plurality of said channel, said axis of.each

20 of said magnets being perpendicular to said bed, each of
said magnets being aligned side-by-side to other said

magnets.
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61. The nmagnetic system of claimb54 further cbnprising a treatnent

device for treating the remaining blood sanple. _ 62. The
~magnetic systemof claimb59 further conprising a col | ection chanber
for relntrodwumngnmhe bl ood conmponents 15 to the renqkﬁnmgmhggod o
sanpl e. 63. The rmagnetic system of claim59 further

conpri si ng a plurality of directional valves for controlling the
fl ow of the bl ood sanple blood conmponents, solutions and

decoupl i.ng agent. 20 THE - magnet i ¢ _syst em.of clai m_54
wherei n said 3. s@ﬁaﬁﬁtﬂn&ﬁlehﬁ%ﬁa?‘tﬁ ﬂfelclé‘éﬁp?? sehereig, gatg,
supporting . _sai d

Y axis of adh Gagedt: nagyere e paTALbel kR iR axid B

S conposed of a magnetizable soft iron netal. ~ 66. The

magneti c sysOEResIIAInRLH Hnd, RerBrRIiGRIRr to said ghaeRelar e NdFeB magnets.
5 67. The nagnetlc system of clai m 54 wherein sald )

magnets are SnCo nagne
- 94. The magnetlc apparatus of clalm 92 whereln said

5 plurallty of sald magnets are arranged in alternatlng
magnetic poles so_that said magnets are allgned s1de—by-side
with a configuration of north-south-north-south.

95. 'The”magnetie apparatus of claim 94 wherein said.
magnets are slightly offset from the side-by-side

10 . configuration.

.éé. The.magnetie.appafatn;“of ciaimxéé ﬁhefein”said
-plurality of said magnets are vertically aligned in n
alternating poles so that there is a vertical line of north
poles aligned side—by-side.with a vertical line of south
15 poles. | | | H
97.. The magnetlc apparatus of claim 96 whereln said

magnets are sllghtly offset from the 51de-by—51de

configuratlon

98. The magnetieuappafatus of claim 92 wherein said -
20 plurality of said magnets are horizontally aligned in

alternating poles so that there is a horizontal line of

A
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68. The magnetic system of claim 64 wherein each of sai d nmagnets
has an axis with opposing north and south pol es, one of said poles
rests on said bed and the other 10 pole faces said plurality of said
channel s, sai WO 211 each of said magnets bei ng BEFM: é?\%’dpgﬁl ar to
sai d bed, each of said magnets being aligned side-by- S|de to ot her
sai d magnet s. 69. The magnetic system of claim&68
wherein said axis 15 of each of sa-«d nmagnets being parallel to said

axis of other north poledBRYned2BYdREBPEHHL Widh OhS2k dokbaDNBine of
70. The magnetic systen1of cl aim 68 wherein said plurality of said

magnets are agpgpHesoids al ternating magnetic poles so that said
magnets are aligned side-by-side 20 with a configuration of
nort h- sout h- nort h- sout h. ' -42-

71.  The magnetic §yst eraeddimagndkit/RppheiBid sRicdaim 98 whEPeisaid e
slightly offset fromthe side-by-side configuration

72.  The mgnf,tlueaiy&pem Haid #HabhEBsWRLL eéng%ul@ o¥fset Bkohatnd Yeide-said
magnets are vertically aligned in alternating poles so that there

is a vegtical blyl gegef coefidliration.

100. The magnetic apparatus of claim 92 wherein said
magnets are arranged so that one magnet having one pole is

surrounded by other magnets of opposing poles on four sides.

101. The magnetic apparatus of claim 87 wherein each of
10 said channels has varying widths, said channel width is
increased at an entrance near said inlet and said channel

width is tapered at an exit near said outlet.

102. The magnetic apparatus of claim 92 wherein said
plurality of said magnets are situated underneath said
15 channel near said inlet and said outlet of said separation

chamber.

103. The magnetic apparatus of claim 94 wherein said
magnetic bed is tilted on one side in relation to said

separation chamber.

20 104. The magnetic apparatus of claim 103 wherein said
tilted side of said bed is in contact with one side of said

separation chamber and an untilted side of said bed being

g



pol es aligned side-by-éide with a vertical line of south pol es.
73. The magnetic systemof claim72 wherein said 10 magnets are
slightly offset fromthe side-by-side . configuration.

74.  The maghewsyazzwyst em of cl aim 68 wherein said
nagnets are horizontally aligned in

is a horizontal line of° 15 . north poles aligned side-by-side with a
hori zontal |ine of sout h pol es. 75. The nmmagnetic
system of claim 74 mhereln sai d -48mmgnets are sllghtly of fset from
the si de- by-&4Que about .5 &0 AhQufr & cBnin dpgtance from pgid FeRATALGHOR | c
system of cl aim68 mhereln sai d magnets are arranged.so that one
magnet haV|rﬁP%ﬂh9rbole i's - surrounded by other'hégnets”of opposi ng
pol es on four sides. _ - 43-

77. The magnetic s%sten1of cIa|n154 wherei n each of sai d channel s
has varyi ng wi dt A5 -s3hg Pagnffeic wrpagatys of 0131W|%?r§&§éﬁe§t an entrance

near said inlet and sald channel

comprising a switching nechanism for bringing said
separation chamber in contact with said plurality of said

magnets and said bed thereby_aetivating_the magnetic field

- produced by said magnet and for distancing said separation

10

_chamber from said plurality of said magnets and said bed

thereby deactivating the magnetic field

- 106. The magnetic apparatus of claim 105 wherein said

.. switching mechanism is a plurality of guide rails and

- 15

20

electromagnetic coils.

/107. The magnetic apparatus'of_claim 87 wherein the

magnetic particle is a microsphere that is ligand covered

~ and coupling agent bound.. .

108. The magnetic apparatus of claim 107 wherein said

ligand is a protein and the coupling agent is lectin.

109. The magnetic apparatus of claiﬁ 87 wherein the

blood components can be selected from a group consisting of

red blood cells, white blood cells, platelets and plasma

borne components.

Wi of said
alternatlng pol es so that there
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width is tapered at an exit near said outlet. 5 78. The

magneti c system of claim68 wherein said plurality of said magnets
is situated underneath said channel near said inlet and said outl et
of said separ¥PoYE219 chamber . 79. The nBGRUSIMIE)st em
of claim64 wherein said bed 10 is tilted on one side in relation to
sai d separation chanber. 80. The magnetic system of
claim79 wherein said tilted SI e of said bed is in contact with

one Si _de of said 10. A egﬁgargklgg%g{mlmaggdgﬁgﬁ%ie&ﬁqil de of said

bed being 15 romabout .5 to about m sai d
separation b g @y Of
claim64 furth azé%tnpqlbars;?n mponent from svm“fl)%‘l ng mac ani sm]T Erl ngi ng

d t I f d
Tagnet & and e fb“‘“1“'ﬁé?%ﬁﬁf%ﬁfﬁﬁ%egtﬁ?%% Oy o1 oduced

by said %h%n gkstanC|ng sai d separation chanber from
sai d T%%%% g@ sal nagnets and said bed thereby deactivating
t he magnetic f| el d. WD 9942219

5. _ .. (a) 1introducing a mixture of chemical entities to

a plurality of magnetic particles;

(b) agitating the mixture and magnetic particles
and inducing the magnetic particles to attach to the

components of the mixture;

10 (c) providing a separation chamber, said
separation chamber, comprising a plurality of magnets and a
plurality of channels having an inlet and an outlet, said .
magnets begin arranged on one side of said channels and

being in contact with one another to create a magnetic

15 _ field;

{d) introducing the mixture containing the
magnetic particle attached components into said inlet and

through said channels of said separation chamber;

(e) activating said magnets to produce a magnetic
20 field to capture the magnetic particle attached components

within said channels; and

A



-44- 82. The magnetic systemof claim81l wherein said
swi t chi ng nechani sm conprises a plurality of guide rails and -
el ectronmagnetic coils. 83. The magnetic system of claimb54
wher ei n t hewdme/2aio magnetic particle is a mcrosphere thapct/gsdoogeand
covered - and coupling agent bound. = - 84. The magnetic
system of claim83 wherein said - ‘ligand is a protein and the
coupling agent .is lectin. ~ .- 85. The magnetic systemof claim
54 wherein the blood 10 .conponenb8-can be sel ected froma group
consi sting of red (£) ablowing dihes regrilning| wotkuxe 9, epiht# s and
-pl asma borne . conponents.. .. . 86. The_magnetic system of
cl ai m 54 whewelet tdfe sadd| channels ofhsgdd seppration £hambedre of chenmical
entities. 15 o 87. A mmgnetic apparatus having a
mul ti-dinmensional -  -gradient for separation of bl god:conponents from
a whol e B looFheampFhod sof FlainldPuSuebhey iMRyising the 3
a separation chanber conprising a plurality off * ~ 'nagnets and a
plurality ottepaehels Previdiag 2 mekutden xpsepyeir angd PO said magnets
bei ng arranged -on one side of said =~ -~ channels and being_in cont act
wi t hBone andeaetivariomegfethe magnetiqrfgeddi cintepducing|sedytiaiple
cont ai ni ng magnetic particle _ _ -

through said inlet and said channels f£lushing out the

magnetic particle attached components through said outlet.

112. The method of claim 110 further comprising the
step of (h) introducing a decoupling agent to the magnetic

10 particle attached blood components.

113. The method of claim 112 further comprising the
step of (i) separating the magnetic particles from the .

components using the decoupling agent.

114. fhé methéd of élaiﬁ 113“wherein the separatioﬁ of
15 the components and the magnetic particles is caused by Ehe
decoupling agent attacﬁing to the components and causing the
magnetic particles to deattach.
115. The method of claiﬁ.llj furﬁhéf compfising the
step of (j) reintroducing th; components and magnetic
20 particles mixture inté'éaid_separation chamber and

reactivating the magnetic field allowing the capture of the

U




-45- . attached bl ood conponents is introduced into said inlet of

sai d channel s of said separation chanber, said nmagnetic field of
said magnets wo39kby S the magnetic partlcle attached bl ood
conponents Wi thrn sal d channels and the 5 remai ni ng bl oBET/EMHUIPS exi t s
said outlet of said channels of sai d separation chanber.

88. The magnetic apparatus of claim87 wherein said separati on
chanber further conprises a bed for supparting sai d magnets. 10

89. The magnahgfiefPPapatiticiels ahai Eicﬁ@lﬂ#‘%ﬁ'ﬁhesébﬂponents £8f daid
conposed of a magnetizable soft iron net . The magnetic

appar at us of @b@hﬁhﬁ}bﬂ%ﬁﬂéﬁﬁgrsald magnets are NdFeB magnet s.
91. The nmgnetic apparatus of claim87 wherein said 15 magnets are
SnmCo magnets. 92. The nmmagnetic apparatus of clai-m 87 wherein

each of saiél. NHgNeietHodSofNcBXik M3 EGRDRS BempRidihathesout h
pol es, one of said poles rests on said bed and the ot her pol e

faces said pl wtebi by (k) sEd«ttakannay, sﬁﬂddnigﬁie‘i:ﬁ:f f23¢8 aBd introdicisg d
magnet s bei ng perpendicular to said bed, eac sai d magnets
bei ng ad i gned syldeiby- Sh#budld salilein®ét dand said channels flushing out

said magnetic particles through said outlet.

117. The method of claim 112 wherein the decoupling

agent is sugar.

118. The method .of claim 110 further comprising the

10 step of treating the remaining mixture of step (f).

119. The method of claim 112 further cowmprising the
step of reintroducing the components to the remaining

mixture using a collection chamber.

120. The method of claim 112 further comprising the

15 step of controlling the flow of the mixture, components,

solutions and decoupling agent.

121. The method of claim 110 further comprising the

step of providing said separation chamber with a bed for

supporting said magnets.

20 122. The method of claim 121 wherein said bed is

composed of a magnetizable soft iron metal.
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magnet s. ' ' ' : - 46- ~ 93
The magnetic apparatus of cl'ai m 92 wherein sald ~‘axis of each of ’
sai d magnets being parallel to said axis of ot her magnets and = .
per pendi cul awobm423mi d channel s. 94. The nag:rm}usggmppar at us
of claim92 wherein said 5 plurality of said magnets are arranged in
al ternating magneti c poles so that said magnets are aligned
si de- by-si de with a conflguratlon of “north-south-nort h-sout h.
95. The magnetic_apparatus.of .clai m 982nherein said magnets are
slightly of fset fiom tHe ?P&g°ﬁy°§|?ﬂﬁl“1621 WhEBﬂ%?g&ﬁ%H|QEnsald

.96. The magnetic aratus,of claim 92 wherein said plurallty of
sai d magnet sma%e%rffaf%msawgﬂ%th @nd south gPlesnaAdity a¥dFe8®so that
there is a vertjcal I|ne of north poles aligned sjde-by-side with a
vertical |ing3gh ¥bR3id PegnetsBeing perpendicular tymaidrhedmgnetic

appar at us of cIa|n196 mhereln sald . " magnets are slightly offset from

t he si de-by-side "~ con ti
_ _ _ y- 124. The met o g’clalm 123 whereln said axis of each

s of said magnets belng parallel to said aXis of other magnets
and perpendicular to said chanmnels.

~ 125. The method of claim 123 further comprising the
step of arranglng sald magnets so that one of said poles
rests on said bed and the other pole _f..‘ém?s' said plurality of
i6  ~ said channels and alighing.eaéh of ;aid magnets side-by-side

to other said magnets.

126. The method of claim 123 further comprising the
step of arranging said magna;é ih_a;;ernatipg magnetiq poles

with a configuration of north-south-north-south.

15 127. The method of claim 126 wherein said wmagnets are

slightly offset from said side—by-side configuration.

128. The method of claim 121 further comprisiné the
step of vertically aligning said plurality of said magnets
in alternating poles so that'there is_a vertical line of

20 north poles aligned side-by-side with a vertical line of

south poles.

JE=r



98. The magnetic apparatus of claim92 wherein said 20 plurality of
said magnets are horizontally aligned in alternating poles so that
there is a hqrizontal |ine of
- 47- ﬁ’&??%"m es aligned side-by-side with a horizonPQF/UBIEs8
sout h pol es. 99. The nmagnetic apparatus of claim98 wherein
sai d -plurality of said magnets are slightly offset fromthe side-
5 by-si de configuration. -53- 100. The magnetic apparatus of
clai m 92 wherein 32Pd The methawhgpfeicd adme 128 remegeain eaildaplunal ey md
havi ng one pole is surrounded by other magnets of opposing poles on
four sides. said magnets ard(dlightdynwdieetciopparle wsidef-byl-gide87 wherein
each of 10 said channel s has varying wi dths, said channel width is
i ncreased at emfdgurabtennear said inlet and said channel width is
tapered at an exit near said outlet. 102. The magnetic
apparatus of claim92 wherein said plurality of said nmagnets are
si tuat ed under neat¥30salfie msthod of;iedmis ladafusther gammrigiagsthe outl et
of said separation chanber .
5 step of horizontally aligning said plurality of said magnets
in alternating poles so that there is a horizontal line of
north poles aligned side-by-side with a horizontal line of

south poles.

131. The method of claim 130 wherein said plurality of

10 said magnets are slightly offset from the side-by-side

configuration.

132. The method of claim 121 further comprising the
step of arranging said magﬁets so that one magnet having one

pole is surrounded by other magnets of opposing poles on

15 four sides.

133. The method of claim 110 further comprising the
step of varying the widths of the channels, said channel
width is increased at an entrance near said inlet and said

channel width is tapered at gn exit near said outlet.

20 134. The method of claim 110 further comprising the

step of situating said plurality of said magnets undexrneath

L



103. The magnetic apparatus of claim 94 wherein said ‘magnetic bed

is tilted on one side in relation to said separation chanber. 20
104. The nmagnetic apparatus of claim 103 wherein said - tilted: side
of said bed WOMM228HNt act with one side of said S BOPUSHYI08879 Chanber
and an untilted side of said bed being - _ _ A

- 48- fromabout .5 to about 5 cmin distance fromsaid separation .
chanber.. 105. The magnetigy-apparatus of claim87 further
conprising aggwat eRamkeNBERaNcaul SA1OE il NGisabdt16t of SA@Aration
chanber in contact with said plurality of said magnets and said bed
thereby acti wphpatide sr@RRY .Cc field - - " produced. by said magnet and
for distancing said separation . chanmber fromsaid plurality of said
magnets and said bed - . thereby deactivating the magnetic field. - 10
106. The magneti cigpparid wetbbdCcbai 81406 WX Rireheai Gomprising thei tching
‘mechanismis a plturality of guide rails and el ectromagnetic coils.

107. The magRekbCofPPEIWHe sahdChadnbs Tond &fifieN ihNeelation tdTaR@Aati C
particle is a mcrosphere that is Iigand covered

5 separation chamber..
136. The method of claim 135 wherein said tilted side
of said bed is in contact with oﬁé éidg.of said separation
chamber and an untilted side of said bed being.from ébdut .5
to about 3 cm in distance from said separation chamber.
. _10_ 137. ft;e mt-ath;&li .of claJ.m 123 furthercomprising the
step of providing a plurality oﬁzswitching.ﬁeggégiéﬁ;fér o
' bringing said separatioh chamber in contract with said bed
and said magnets thereby activating the magnetic field
produced by said magnets and for separating said separation
15 chamber and.said magnets/bed thereby deactivating the

magnetic field.

138. The method of claim 110 wherein the magnetic
 particle is a microsphere that is ligand covered and

coupling agent bound.

20 . 139. The method of claim 138 wherein the ligand is a

protein and the coupling agent is lectin.

iliﬁi:



15 . and coupling agent bound. 108. The magnetic apparatus
of claim 107 wherein said ligand is a protein and the coupling
agent is |ectj 109. The nmmgnetic apparatus of claim87
wherein the %99/42219b| ood conponents can be sel ected from XCFUSERNISTY

consi sting of 20 red blood cells, white blood cells, platelets and

pl asma borne conponents.

- 49- 110. A nethod of contisgmpusly and magnetically

separating a conpongo! Th®methddXbEr 818{m ChEMuwitlredit thee8omponents are
utilizing a multi-dinensional gradient, said nethod conprising the

steps of:  5the blood componentls selb&PEECEFE & Preup' Bofbisbbnd GH red
entities to a plurality of magnetic particles;

(b) agitatingheantelvse Wik 6ol cePps! iClfAS1ets and pldshddiesxeg the
magnetic particles to attach to the conponents of the m xture; 10

(c) providingsmpeaRacsti on chanber, said separ ati on chanber
conprising a plurality of magnets and a plurality of channels
having an inlet and an outlet, said

s 141. The method of claim 110 wherein the wmixture of

chemical entities is a whole blood sample.

142. A method of manufacturing a continuous magnetic

separation apparatus, said method comprising the steps of:

(a) providing a separation chamber, said
10 separation chamber comprising a plurality of magnets and a
plurality of channels having an inlet and an outlet, said
magnets being arranged on one side of said channels and
being in contact with to one another to create a magnetic

field; and

15 (b) providing a magnetic bed for supporting said

magnets.

143. The method of claim 142 wherein said bed is

composed of a magnetizable soft iron wmetal.

144. The method of claim 142 wherein said magnets are

20 NdFeB magnets.

A



magnet s begi n arranged on one side of said channels and bging I n
contact with one another to create a magnetic 15 field,; T
(d) introducing the m xture containing the magnetic particle . .
attached conmowsneasi nto said inlet and N t hrough sgiciusdviass! s of
sai d separation chanber; - (e) activating said magnets to
produce a nagnetic 20 field to capture the magnetic particle attached
conponent s wi thin said channelgg.and

~(f) allowing the d£miHy Rethbd! ¥f €l i a2 %égein said rRidhkel Rfesaid.
channel s of said separation chanber. 111. Thé nethod of claim

110 further gﬂ@prmégﬂgtgtua:_: .step of (g).providing.a solution
reservoir and upon o deactivation of the magnetic field, introducing
sol ution through sai.d: i nl et and said channels flushlng out -t he

- magnetic particl ergd ! amhechetBBROBE NEEa )AL MLERE SN MEAIEIOE said
112. The method of claim 110 further conprising the .+ step of (h)

i ntroduci ng aagﬁé@slmagl&na&&ab Woeh heppBuliRyf mertAland soutd polks, attached
bl ood conponents.
5. . said axis of each of sald magnets being perpendlcular to

said bed.

147. The method of claim 146 wherein said axis of each
of said magnets being parallel to said axis of other magnets

and perpendicular to said channels

10 148. The method of claim 142 further comprising the
step of arranging said magnets so that one of said poles
rests on said bed and the other pole faces said plurality of

'~ said channels and aligning each of said magnets side-by-side

to other said magnets.

15 149. The method of claim 142 further comprising the
step of arranging said ﬁagnets in alternating magnetic poles

with a configuration of north-south-north-south.

150. The method of claim 149 wherein said magnets are

slightly offset from said si&e-by-side configuration.

20 151. The method of claim 142 further comprising the
step of vertically aligning said plurality of said magnets

in alternating poles so that there is a vertical line of

* c L M S *



113. The nethod of claim 112 further conprising the step of (i)
separating the magnetic particles fromthe conponents using the
decoupl i ng agent . 114. The nethod of claim 113 wherein the
separation of WA¥MARLY e conponents and the magnetic part i RETEESIP/AISENRUS ed
by the decoupl i ng agent attaching to the conponents and causi ng

t he magnetic particles to deattach. 115. The net hod
of claim 113 further conprising the =57-  step of (j) reintroducing the
conponent s and°oFEfnkples alggned siderbyraideiwith @ versisal dlireafati on
chanber and reactivating the magnetic field allow ng the capture
of the . south poles.. -51- magnet i-c
particles and exiting of the conponents fromsaid separati on
chanber . 16. The nethod of claim 115 further_co yisiqg t he
step of (k) deacti vatt n'{]}’%é‘fe&hﬁggﬁgt Flaimel i aherainy 6ad6; Hb“rgflty o
solution through said inlet and said channels flushing out sai d

magneti ¢ part COAEsMRERGLR) IR LSS ighF Ly offset from the side-bynaidgt hod of

claim 112 wherein the decoupling agent is sugar.
[ configuration. . y

153. The method of claim 142 further comprising the
step of horizontally aligning said plurality of said magnets
in alternating poles so that there is a horizontal line of

north poles aligned side-by-side with a horizontal line of

10 south poles.

154. The method of claim 153 wherein said plurality of

said magnets are slightly offset from the side-by-side

configuration.

155. The method of claim 142 further comprising the
15 step of arranging said magnets so that one magnet having one

pole is surrounded by other magnets of opposing poles on

four sides.

156. The method of claim 142 further comprising the
step of varying the widths of the channels, said channel.
20 width is increased at an entrance near said inlet and said

channel width is tapered at an exit near said outlet.

R ) R



118. The method of claim 110 further conprising the 10 st ep. of _
treating the remaining m xture of step (f). 1 - 119. The net hod
of claim 112 further conprising the ' step of reintroducing.the
conmponent s {@ sb@1g enai ni ng m xture using a col | Bcriiishvossianber .
120. The method of claim 112 further conprising the 15 step of .
controlling the flow of the m xture, conponents, sol utions and
decoupl i ng agent. - 121.-.s8he net hod of claim 110 further

conpri si ng the 157. The &bERo@foMrdditi NG6S ek ltap doriprasinbather with a
bed for supporting said nmagnets. 20 ~+ 122. The nethod of

clai m 121 vwhesgidy $Aicdabedgi Said pluralitgnBessslidimaynergnenteahbatisof t iron
net al . -52- 123. The

met hod of cLaidnddhnehenehd §i&&'£ﬁléﬁﬂdid said out RGNS shad opposing north
and sout h poles; - said axis:of: .- - each-of said-magnets ‘being

perpend|cu|gé gfgegadichggber, 124. The nmethod of claim 123
wherein said aX|s of -each . of said rmagnhets being:parallel to said
axi s of other nagnets and perpendi cul ar to said channel s.
5 .; 158. The method of claim 142 further comprising the
 step of tilting said magnetic bed on one side in relation to -

. said separation chamber.

'159. The method of claim 158 wherein said tilted side
of said bed is in contact with one side of said separation.
10 chamber and an untilted side of said bed being from about .5
about to about 3 cm in distance from said separation

chamber

160. The method of ciaim 142 further comprising the
step of prov1d1ng a sw1tch1ng mechanism for bringing said
15 separation chamber in contact with said magnetic bed and
.said magnets thereby activating the magnetic field produced
by said magnets and for separating said separation chamber
and said magnets/bed thereby deactivating the magnetic

field.

O




125 The nethod of claim 123 further conp»bijcg@qbqu step of

arrangi ng said magnets so that qne of said poles . res e sai d bed
and the ot her pgl ,Ijaces said pl ﬁ?aa?'fﬁ/ of 10 sai d changdym@and
al i gni ng each of’é i d magne SN i iR ey, CROANIZAEQY ot her magnet s

120, o ReRAreiG ek Hrblifies OB ety coormandl sy ecn

ar r angi-ng—Sa-d—ragRet s SH-RAFRG—TRGHeL g ‘
conf i gdf‘g{“FB'h""B? Palet Giatsiiegtion 7 nor t h- 50U M) InterdaSonal Publication NubBé,.  The VHOII9M2209

G ety o so contiguarran o> 20 | e mBh il B8 | "2RRElh asmen
si de- b= configuration :
furth i Sj X i . 1 i j ural it
R teﬁ'ﬁ?‘i’%”%ﬁf‘t&?&g@%{%ﬂe@f&%&é@f’%‘lﬁ‘é;

of sai _
| i ne of (22) n@rnational FiliggDite:no| €8 Feuingi9¥9d1992.96| by - SGRI GMWHR, BHUAD)IB/18,iJ%; XE, Kd, KB KBS KZ,

LC, LK, LR, LS, LT, LU, £%, MD, MG, MK, MN, MW,
south pol es. . . . MX, NO, NZ, PL, PT, RO, RU, SD, SE, G, I, SK, SL. T1, |
129. Then) paki@aaof cl ai m 128 wherein said pl mmm,’tm,?é,m, UZ.;IZ’N.Y@QW, 2
are slj ght 19080§4set f r2®Febwdnl9%8i(2962.98) - sVsle (GH, GM, KB b$, MW,/ 82, UG,.ZW), Burasian patent
130. e method of claim 121 further conpri S'W%ﬁmﬁ’ﬁ?{%w&mﬁﬁf
hor i zopwiakppycast! FIPRIDAGTSTE WNIVERSITA [Ustug); @bs Sai d LORYBENLSPT, SE), OAPI patent (BF, BJ, CF, CG, CI,

Pottsdamer Street, Tallahasse, FL. 32310 (US). CM, GA, GN, GW, ML, MR, NE, SN, 1D, TG).

(72} Inventors: CHEN, Ching--Jen; 4643 Highgrove Road, Talla-
hasse, FL 32308 (US). HAIK, Yousef; 1817 Aaron Road, | Published

Tallahasse, FL 32303 (US). PAl, Vinay, M.; 410 Victory With international search report.
Garden Drive, #104, Tallahasse, FL (US). Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
(74) Agent: DIEHL, R., Anthony; Reed Smith Shaw & McClay amendments. :
LLP, 2500 One Liberty Place, Philadelphia, PA 19103-7301
(US).

(54) Title: CONTINUOUS MAGNETIC SEPARATION OF COMPONENTS FROM A MIXTURE
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A magnetic system and apparatus having a multi-dimensional gradient for continuous, on-line separation of components from a
mixture of chemical entities which comprises at least one separation chamber with a plurality of channels and a plurality of magnets,

and a method is provided for continuously and magnetically separating and treating components of a mixture of chemical entities using a
multi-dimensional gradient. o .

(57) Abstract




in alternating poles so that there is a horizontal |ine of north

pol es aligned side-by-side with a horizontal |ine of sout h pol es.
131. The nethod of claim 130 wherein said plurality of 10 sai d
magnets are ' of fset fromthe side-by-side P tion.
132. The rret?gdﬁ}g%ﬁ?:ll aim 121 further qomi sing the stsg%&g?
arrangi ng said magnets so that one magnet havi ng one pole is
surrounded by other magnets of op i 5 four sides.

133. The nethod of claim 110 furthex conprising the step of
varying the widths of the channel g, i d channel width is

i ncreased at an entrance near said inl channel width is

tapered at an exit near said outlqt. P0 134} The net hod of
claim 110 further conprising the step of situaking said plurality
of said magnets underneath
-54- said channel near saiq inlef and ﬁpjd outlef of said
separ ati on chanber ™ 135. {The net’hod of clgim 123 further
conprising the o ' R
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step of tilting said bed on one side inrelationto said 5 separation

chanber . 136. The nethod of claim 135 wherein said tilted

si de of said bed is in contact with one side of said separation
chanber and WO9%/MR219 t ed si de of said bed being from about PCI/US99/03579 t O
about 3 cmin distance fromsaid separation chanber. 10 137. The
met hod of claim 123 further conprising the step of providing a
plurality of sw tching nmechanismfor bri ngi ng said separation
chanber in contract with said bed 2/6 sai d magnets thereby
activating the magnetic field produced by said magnets and for
separating said separation 15 chanber and sai d magne gébed t her eby
deactivating the magnetic fi @Xd=gs a;ﬁ:’i The met hod of
claim 110 wherein the magnetic x™i.cle is I crosphere that is
| i gand covered and ' coup - 353 139. The
met hod of cl aim 138 wherein the eG4 5 and the
coupling agent is lectin. g 8 e E? Q e - 55-
140. The net hod of clain1110 t he bl ood

ghe@co@on@t sg&r S

conponents selected fro
whi te bl ood cells, plate

bl ood cel | s,

Fig. 3
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conponent s.. 5 141. The nethod of claim 110 wherein the m xture

of chem cal entities is a whole bl ood sanpl e. 142. A
nmet hod of im&£§ing a continuous magnetic separati on apparat us
sai d method Conprising the steps of: (AR ng a
separation chanber, said 10 separation chanber conprising a plurality
of magnets and a plurality of channels having an inlet and an
outlet, said magnet s bei ng arranged on one side of said channels
and being in contact with to one angzger to create a magnetic
field; and 15 (b) providi a magnetic bed for supporting
sai d magnet s. 143. The nethod of claim 142 wherein
said bed is conposed of a nagnetizable soft iron netal

-

rein said magnets are 20
-56-

144. The net hod of claim 142
magnet s.
The nmet hod of claim 142 wher eif sajgonagnets are

NdFeB

145.
60

Fig. 4
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SnCo magnet s. - 146. The met hod of cI aim 142 wherein each of
sai d magnets has an axis wi th opposing north and south poI es, 5
sai.d axis of each of said magnets being perpendicular to o -sail d bed.
147. The nmetwodsagkisc| ai m 146 wherein said axis of each  PCIUSINNB5Maj d
magnets being parallel to said axis of other magnets and

perpendi cul ar -to said channel s 10 - 148. The nethod of claim 142
further conprising the step of arranging said nagnets so that one
of said poles rests on said bed and the other pole faces said
plurality of said channel s and al/gni ng each of said magnets

si de- by-si de to other said nagnets. 15 149. The net hod
of claim 142 further conprising the step of arrangi ng said nagnets
in alternating nmagnetic pol es wth a configumgion of

nor t h- sout h- nor t h- sout h. 62 150. The ﬂod of cpp% 149 wherein
sai d magnets frr'e——l H-lght|y of fset fromsaid si by
configurati oN' 20 1%1. The nethod of clain] 142N W\t her
conprising th D lof |vertically allgnlng saj d [nl ty of sé&id
nmagnet s ilng|pol es so t(n 2 there is|a |verticar TTne of

\
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-57- . . north poles aligned side-by-side with a verti.cal |ine of

sout h pol es. 152. The nethod of claim 151 wherein said
plurality of said nagnets are slightly offset fro

si de- by- si dewogmzzm configuration. 153. Thgh&n@?’%’aygf claim
142 further conprising the step of horizontally aligning said
plurality of said nmagnets in alternating poles so that there is a
hori zontal |ine of north pol es glggned side-by-side with a

hori zontal line of 10 sout h poles.‘/ 154. The net hod of
claim 153 wherein said plurality of said magnets are slightly

of fset fromthe side-by-side pLgur ati on. 155.

gi ng

The nmet hod of clajm 142 further conpr's arran

sai d magnets s¢ 3 ynet hav pol gundyd by
ot her magnets & gl es on si des. 156.
The net hod of her co ng the
wi dt hs of the channe dth is an
entrance near sai d el w dt At an

exit near said

Fig. 6(a) Fig. 6(b) Fig. 6(c)
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- 58- 157. The nethod of claim 156 further conprising the

step of situating said plurality of said nagnets underneath said
channel near said inlet and said outlet of said separati on chanber.
5 Wedoos4dne net hod of claim 142 further conpri si ngCEIS99/03579 step
of tilting said magnetic bed on one side in relation to sai d

separ ati on chanber. ' 159. The nethod of claim 158 wherein said
tilted side of said bed is in contact with one side of said
separation 10 chanber and an untilted side of said bed being from about
.5 about to about 3 cmin distangg/grom said separation

chanber. 160. The nethod of claim 142 further conprising the
step of providing a switching nechanismfor bringing said 15

separation chanber in contact with said nagnetic bed and sai d
magnets thereby activating the nmagnetjc field produced by said
magnets and for separating said sepgfati on chanber and said

magnet s/ bed t hereby deacti vati ng/tfe ™ggneti c 55 field.

71
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