8 May 2006 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT

COOPERATI ON TREATY (PCT) (19) World Intellectual Property Ogrmai2e04 on

| nternational Bureau (43) International Publication Date 15 May 2003

(15.05.2003) (51) International Patent O assiftcation7: BOLD (21)

I nt er nati onal | i cati on Nunber: PCT/ US02/ 36497 c&)H I nt er nati onal Filing

Date: 12 ® 105 b SPFLIATIDN PHBIFED USBER HIR FARGTC B8V @bl i cati on

Language: English (30) Priority Datg==00/344,745 9 Novermber 2001

(09.11. rl tlectdal prb Pt J opzdia\de ) Kl-

NETI C BI?@ YAS'I%%{%E%I{;@ %bf% t(' A éﬁl mmﬂﬁl’ﬂmlﬁlmmlﬂlmhmmﬂlhﬁ | ant a,

GA 30318 (US). (72) Inventor; and NZmsWnvent or/ Applicant (for US only):

HERMAN,  He g ntetdationd! Piitedabn D§§25 LaVi st a Rogth) InwHhdtidnal PublicaishMa@iber GA 30084

(US). 15 May 2003 (15.05.2003) PCT WO 03/039702 A2

AREEN IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIaIIII

LT sy fobhiiohdibRbdealsdsaRad: PUbl i 8@abi o NealesnMRRRGAS 40 Xnhd(stdon AgENt s:

CHAN, Christopher et al.; Kilpatrick Stoaktsaim2sohlifeppemhitet SBee? 8Bk, GADOO

Peacht rag nbtb@ed ApphbloaRinger: GACTBBB97 (USKUS):.(81) Designated States
national): AB, AG AL, AM AT, AU CH,

N COMCRrelop P, B, DK, DI B D o Rove A S

HR, HU, 1D, IL, IN, §N°‘3@ef4@02 Ké?ozkp KR.DEKE, DN, 7, BCIHE, BS|FRGB, LB, GEIGH, LU,

LV, MA, ), Q/G MK, I\/N, MV X GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
(ZS)NElmg anguage: English LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,

MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,

(26) Publication Language: English SG, SI, 8K, SL, TI, TM, TN, TR, TT, TZ, UA, UG, US,

UZ, VC, VN, YU, ZA, ZM, ZW.

0) Priority Data: :
(30) Priority Da (84) Designated States (regional): ARIPO patent (GH, GM,

60/344,745 9 November2001 (09.11.2001)  US B e T s ot
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(71) Applicant (for all designated States except US): KI- E“Imfslj:f;;:nf (AT, BB, BG, CH, Y. CZ DE DK“EA)E,
NETIC BIOSYSTEMS INC. [US/US]; 430 Tenth Street, ES. 41 B, GB. GR. IE. IT. LU, MC. NL, PT. SE, SK.
NW, Suite N108, Atlanta, GA 30318 (US). TR), OAPY yatent (BF: BY. CF OG, CL CM. GA, GN, GO,

GW, ML, MR, NE, SN, TD, TG).
{72} Inveator; and :
{75) Inventor/Applicant (for US only): HERMAN, Heath, H.  Published:
[US/US]; 3825 LaVista Road, Suite I-2, Tucker, GA 30084 —  withowt infernational search report and 1o be republished
(US). upon receipt of that report

[Continued on next pagef

{54} Title: METHODS AND COMPOSITIONS FOR CHROMATOGRAPHY

A A

P iad
= g | ] T
b Non-Product 2
Production l Eluent Waste Eluent
Vessel S
f 1 ¥ ___
) A
. A-lon™ A - Affinity
| _ccp-a ccp-8 Exchange Chromatog.
Cell = - Gel & TCh-¢ ' CCO-E
Separation Exclusion £CD-D cCn-F
[ ! 32 _3m
1 T B-lon— | B - Affinity
o Exchange Chromatog. !
< - E T o
. Qutput
= ‘ W % 2B,
g Eluent Nm;fr:duct Eluent
. asie
m A
=]
-

_C") (57) Abstract: The present invention is directed to methods and compositions for separating and isolating target molecules. In

: pazﬁcular the present invention comprises devices, such as CCDs, that contain particles without the need of support structures.
Chromatography separation techniques, including but not limited to, ion exchange, reversed phase and normal phase partitioning,
are used in the CCD. Methods also include low, medium and high pressure liquid chromatography. such methods can be used for
analytical, semi-preparative processes, initial clarification, preparative filtration and process scale applications.
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CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to and incorporates by reference in
S its entirety, U.S. Provisional No. 60/344,745 filed November 9, 2001.

TECHNICAL FIELD
This application relates to methods and devices . for
chromatography and composition used therewith.
10
BACKGROUND OF THE INVENTION
The goal of chromatography is to separate matenals.
Chromatography techniques are used for a variety of purposes, from research in
basic science to purification of pharmaceuticals.  The application of
15  chromatography techniques to production levels works to some degree but when
methods and devices are scaled up to the large sizes needed for pharmaceutical or
biological product production, most methods and devices work inadequately.
There are many different kinds of chromatography methods and
materials. Some of these include paper and thin layer chromatography methods,
20  columns and resins of all types, high pressure liquid chromatography, expanded
bed techniques, and reverse phase and reverse flow methods. For example, the
first stage in many purification processes of proteins from a fermentation broth,
whether from microbial, plant, or animal cell culture, is capture of the desired
proteins from the broth. A typical method for accomplishing this is to usé an
25  adsorbent material in an expanded bed. On a large scale, the expanded bed uses
an upward operating flow through the bed and the flow rate is restricied by
increased viscosity, the density of chromatographic adsorbents used, and the rate
of binding of the desired protein to the adsorbent. There are also only a few

adsorbent materials, such as beads, that can be used due to the presence of only a
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OF THE | NVENTI ON The goal of chromatography is to separate materials.

Chr omat ogr aphy techni ques are used for a variety of purposes, fromresearch
in basic science to purification of pharmaceuticals. The application of 15
chromat ogr aphy fFwdtees efifenstions] pinding evinsrpattisleeize, anddirsity of hopatidregr ee but
when methods aAdRRIhCES Biufins Gakad jfrkOnd Bitol BbEEHS ISR pagRICd T Ot

phar neceutical or bi ol ogi cal product production s and devi ces

wor k i nadequat eqoytammﬁ@w Pfé“aﬂ!ﬁh@ﬂ@i grpethcnblogied due tofcelilar debsis.obfl aphy et hods

and materi al s. @B ens a8 R dMek’ﬂ@ce&‘a‘ﬂﬁﬁe@ﬂ%ﬁf'EsQla!e@yer chromat ogr aphy
met hods, 20 colums and resins of all types, high pressure liquid

chr omat ogr aphy, expandedh® By Hfi Braeesses fprd Pwém%@hma@émah@r reverse flow

met hods. For e&ﬁd@dsﬁc ptdagcts fikvoBle &t %ﬂﬁﬁdaﬁbn”@@ roldls! $dCabph@R Rpcesses of
proteins froma rmentation broth, whether Trommcrobial, plant, or

ani mal cel | culbegFE; Y8 aed plant or a5imal el epbate fluigls, Q5restraqtsnEom W% he broth. A

typi cal method Useﬂlyqﬁﬁﬁdmbﬂ Bl Gset Bk1Gplé Gnid @eﬂﬁ&samc@&ng&ﬁla@;ﬁm@r material in
an expanded bed |.a Onsgee scal e, the ex anded bed uses Eé)vvard
operating fl OWGPWF%‘H@PP PRSI FraoYA phimpusities jnd CP%’PP@E& &

i ncreased VIi{sCQgiet oF, prbdﬂﬁt Qﬁd’dﬁcteﬁ)’aﬂdht@ﬁlﬂ@ﬂ@tﬁ)ﬁrﬁmhdﬁtaﬁdﬂ@r&wﬂi a‘afused and
the rate of blnd%g %éﬁilred erotelntothefi ?{ ]There are
al so only a feR"™ G 15& feR i1 the JgrayFnp Rrogrss yd! a eﬁh °O%felhe used due

t o the presencerdaéss effici¢nd by increasing operational costs and process time, and by also

causing loss in product yield. Careful selection and combination of suitable unit
operations during the design phase may reduce the number of steps needed. The
15  fewest possible processing steps offers the most efficient way of reaching high
process efficiency and low costs in the overall production process. Most currently
used processes still involve muitiple steps of processing which add to the costs,

loss of product and offer opportunities for contamination.
Problems in isolation of materials begins in the earliest stages, such
20  as clarification of a fermentation broth or an imitial tissne hbmogenizaﬁon.
Standard techniques for removal of cells or debris are centrifugation and
microfiliration. The efficiency of a centrifugation stép depends on particle size,
density difference between the particles and the surrounding liquid, and viscosity
of the feedstock. Although microfiliration may yield cell free solutions, the flux
25  of liquid per unit membrane area is often dramatically decreased during the
filteation process. Fouling of the microfiliration membranes is another problem
that significantly adds to the operational cost. The combined use of centrifugation
and filtration often results in long process times or the use of cornparatively large

‘units causing significant capital expenditure and recurrent costs for equipment




8 May 2006 WD 03/039702 PCT/ US02/ 36497 2 few types of. functional binding
groups, particle size, and density of the particle. Addi ti ogigfayy2006 he
colums used to performthe chromatography often becone contam nated by
bacterial or fungal growth, or blocked due to cellular debris. Al of

t hese prdbP&HE*2ad to a sl ower process with | ess mat eF§EPS¥34Pat ed. 5 The
maj ority of processes for produci ng pharmaceutical or diagnostic products
involve the purification of proteins and peptides from bacteria, yeast and
plant or animal cell culture fluids, orgextracts fromtissues. Usually
purification plants use multiple unit operations, including a nunber of
chromat ographic steps to ensure the renoval of inpurities and contam nants.
The 10 type of product produced and its intended use will dictate the
extent of purihiicetanen rrwdels iksighfi@higpodect 169 duerte prothet degpdaiorss Wi | |
affect the overgl, REORSIN SIALE! SASYRY, | AA'£ASLNG. GRS! 34 gaal costs and
process time, and by also causing Fees I product Vi érd’ r&ful sel ection
and conbi nat i onadedrptinmi frombéredeferd tstoclopist adn redise tha tinegnd dvet ddleiigitialphase nmay
reduce the nunb : needed. The 15 fewest possi bl e processing steps
offers the nnstﬁ%??ﬁgﬁgﬁﬁﬁﬁay of reaching high process efficiency and | ow
costs in thedoveral |l protuctiérmtiveriocwstbods M tclagficationtahd packsédbedr ocesses
still involve ' - A Qb : ts, loss of
product and of?%%kggJo ?ﬂﬁ?@?@@” o%q%gﬁ%gnlnaf%%ﬁaﬂgf%@Téggsﬁﬁﬁisolation of
mat eri al s begi rsefhwhanaeeugring dstiarget gepstancesingha lpg vebme|of ciufl¢ &ed-i on of a
fermentati on brafilyQhioddfs loh febsed b bGmbRRR 94 Eahd iition of pAdE" d

techni ques for renoval of cells or debris are centrifugation and :

m crofil trati orfoagpkpgionaFaciog Peyidh DBAE Sephaderr Afmpjerdraphacktiehisdessnds on
particle sigpe, .m#HSRAIdiXedXalch 8665860 plf%&eeﬁ@ra &% A6 faasgklﬁ@hgzg%ﬁﬁ@e

surrounding |iquid, and viscosity of the feedstock. | )
mcrofiltrati orfmfasAuifssanere @dsorbent e achisyp (e e degrprooft 3dgpentivg apfin Ri qui d per

unit menbrane ahfdshg (ﬁnﬁxiﬁ%téj?ﬁ%& heRhd pade béeBRalogpyng the filtration
process. Fouling of the mcrofiltration nmenbranes i s another problem that

significantly adds to tHeYEpEideyusRddscipiges for hylloscpaption ipiserationcy
centrifugati on thexagetithdléchRs in@HuRide@Bed! G%idhdcnilid chiPflifIESSRd frmes or the

gﬁg :.)]; c 3 :.) m‘;ﬁ[ a&%%:?@tp %ﬁ%‘ogauﬂgﬁ%%fbe%sa I%ja%g Eﬁgen ?1lse%r1]1|1 thgsfal’;] or glgnry ;egrl; fo%X pendi ture

: : the recovery of antibiotics including batch-processing techniques for recovery of
streptomycin and semi-continnous systems for novobiocin, In a flnidized bed,
channeling, tutbulence, and backmixing is extensive, and is similar fo a batch

process in a stirred tank. 'The single equilibrium stage in a fluidized bed decreases

20  the efficiency of the adsorption process with low recoveries, canses the need for

. re-cycling the media, inefficient washing procedures and increased processing

time.

Approaches to solving these problems have been fried by many

techniques so that a fluidized bed would have separation characteristics similar to

25 packed bed chromatography. One approach uses segmentation of the bed by
insertion of a number of plates with suitably sized holes into the adsorption

column, Tn another approach, magnetic adsorbent particles and a magnetic ﬁeld

over the fluidized bed column are nsed to stabilize the bed. A substantial

stabilization of the bed was achieved using magnetic adsorbents but the




8 May 2006 WD 03/039702 PCT/ US02/ 36497 3 mai ntenance. It also results in
significant product |oss due to product degradation. What |igmMeeded are
nmet hods, conpositions, and devices that allow for direct adsorption from
crude feed stocks that can reduce the time and cost of the initial steps
of purifWABHI25 An alternative to methods of clari fREAHSYH4ENd packed
bed chromatography is adsorption to aresin in a stirred tank. This
technique is often wuseful when recovering the target substance froma

| arge volume of crude feed. This methqd has |ong been used on a comverci al
scale for the isolation of plasma coagul ation Factor | X with DEAF
Sephadex. A mgajor drawback to this systemis 10 that well-m xed batch
adsorption process is a single-stage adsorption procedure and requires

nor e adsorbent ¢operindnisensee tanied Sate sdat rlderadry adRomp séadifg as rdgnire

mul ti-stage (nultisplat rocess such a cked bed chromat ography. A very
w dely used tec ogrﬁp&‘gaée%f%? eg%e%‘?%‘%sg%u ;rjuéaP t| onin? LD 1°6h aFose t"ﬁé t ar get

nmol ecul es in a dolaminciquiprid béhla ligiild &sttidiomintph giving b pleg flow nabecotunm. need for 15
particul ate renoval . Fl uidi n i:N_d.N y £ or many
years for the recovery ﬁyﬂgﬁﬁg%?ﬁ%ﬁ%@%%%dgﬁgfﬁgﬁﬁgﬁgﬁyﬁ}%@@%%ﬂﬁg t echni ques
for recovery ofproising enst ahy/bérn vasn ehnweimiprayemtsit.n Toeibreaylseughwapadity movobi oci n.

In a fluidized C I e R ; 1 X I S1extensive,
and i s sim i ar Do oo ARRAR U Db oM UGP v RihEG L By

equi | i bri um st ageaciin inaa Packiddied e Hopecrr.dewr s edocts hivbtogfefdppliedriey of t he
adsor ption pr OGS Sxiinb fed B4 RERUEE 165 mERUTES: 1R 3PY b8 ovolai CYCl TG the
medi a, ineffici'ent washing procedures an |ncrease8 processing tine.
Approaches to F60duptivgiyt hese probl ens have been tried by many techniques so
that a fluigzed bed vouk#hauge SRR ke BubhE AL BF bk, lar to 25

packed bed chromat ography. One approach uses se%nenta ion of the bed by
\

insertion of a SHaMEEY vt Peticks @ nat FHd% eropglbio yithstand dhehwnigdis of alexget he

-adsor ption  colggim bed) nd\@h BLY wRRRMQRGEL HERGHAPkdafneAd 99636 MleaRREt | Cl €S and a
magnetic field over the fluidized bed colum are used to stabilize the

bed. A substanﬁ@ﬁ%ds§@aﬁwmﬁzation of the bed was achi eved using nagnetic
adsorbents but #B&packing materials or resins deteriorate over time due to clean-in-place

15  procedures, harsh buffer conditions, and changing buffer conditions.
Additionally, the entire column, piping, or resins may become contaminated,
either through bacterial or fungal growth, or through accumulation of material on
the particles or resins and that lowers the efficiency. This requires expenditures
for replacement of the resins, cleaning all equipment and then assurances that the

20 column has been returned to a good, reliable working condition.

Therefore, a need exists for systems, methods, and devices that can
separate biomaterials or chemicals that overcome the problems seen with
currently wsed chromatography devices. I is preferred that such systems,
methods, and devices be capable of using chromatographical techniques and

25  resins or materials to isolate and separate biomaterials are chemicals more

efficiently, and with lower production costs,

SUMMARY OF THE INVENTION
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smal | | aboratory scale and scaling up requires conplicated anMhyepensi ve
equi pnment . Anot her approach uses agarose in a colum equipped with a
liquid distribution inlet giving a plug flowin the colum. When these
expanded beds were actually used with m xtures of 5 proteins and cells
there was sone inprovenent. The break§ hrough capacity in~ such beds,
expanded by a factor of two, was very simlar to the breakthrough capacity

in a packed bed. Howeyers. gﬁhpﬁ?}’lcle%nt Hfé?e i@%%ﬁd%d??ne%ﬁ'f&eﬂl to prevent

the bed from expandi ng too lg res ed’'1n a low overa
product i vi ty. isdlginRadiske melablscompusing,wi t h t he particles used for

separation. Many st MSE i r. ough to

wi t hstand t he wei ght aagg@sggl}dgn ge %%%fhﬁ?@sﬁgﬁﬂ%%&{e%%{bﬁgghst and harsh
chemi cal -t r eat erafitfegalifect bt whirein picogtinupirelldyeels: kavill ot tareregte aThe packi ng
materials or fo?c%h&lﬁﬂf?@r%és%@k&u%gﬂ fBﬂc%eﬂ%dF%e?%ﬁg%A&aﬁn e 15

procedures, hars | conditions, and changi ng f'er condi tions.
Addi t i onal | y, fordeeouriributeseio dhsl ngsulfant plegipngymmusition eSslhrogagetiveevilke cont ani nat ed,

ei t her throug]%}iﬁg@egt LA a4 houghy: acc tion of

mat eri al on e ph%lrgﬁlnetﬁslé g{)}d%gglilbﬁtgﬁt%h{uﬁ%%m%%\}%r gggtlﬁ% en?]%legi ency. This
requi res expewdimaieesf thervesteplferessnedting ofn thseparédésngnd cheving rig al |

equi prrent a”%h}&x?d&iﬁg%éﬂgﬁémh@éh Rle i€ RdGRhdAy, Ad%enGRMLEL Urned to a

good, reliable workKi condition. Therefore, a need ‘exists for systens,
met hods, and tHewpadder suppert stzusturs wpiglation tohdveryattharinaitislege allprefdrcal s t hat
over cone the Brabl eiR 3R bes SR SRicidant ity Q ARy devices. It
is preferred tﬁat sucﬁ_ syst ens, es met h%ic}s, aélng%gig\?/%ﬂges e capabl e of using
chr omat ogr aphted anay be edsiy ehaagedn ¢hanging dhy fprse paramederenithg particlss) sol at e and

separ at _e_ bi omat eri al s, %&(ﬁn%: .rghémgﬁl\ﬁﬁd cﬂéyfrfsfﬁ!; %rtér%et nﬁﬁgulw th I ower
production costs. SU RY THE | NVENTI ON May 2006 5
: ¢) separating the heterogeneous liquid by the actions of the

chromatography bed; and
| d) retaining the separated portion of the heterogeneous liguid
comprising the target molecule.

In a second aspect of this invention, there is provided a method
for performing chromatography, comprising,

a) containing chromatography particles in at least one chamber in
a centrifugal force field, the chamber having an inlet and an outlet;

b) introducing a heterogeneous liquid to the chamber through the
inlet in a liquid stream, wherein a continuous flow Qf a liquid acts to create a
force which opposes the centrifugal force field and wherein a gravitational
force contributes to the resultant vector summation of all forces acting on the
particles, wherein the forces substantially immobilize the particles by the
summation of the vector forces acting on the particles, wherein each particle is
independently suspended without the need for support structure in relation to
every other particle to allow for efficient exposure to all surfaces of the particle
and the density and shape of the bed may be easily changed by changing the
force parameter on the particles;

¢) collecting the liquid passing through the chamber and the
particles,




In a first aspect of this invention, there is provided a nethod for
isolating a target nolecule, conprising, a) suspending chronghagraphy
particles in at | east one chanber in a centrifugal force field wherein a
continuous flow of a liquid acts to create a force which opposes the '
centrifugal force field and wherein a gravitational force contributes to
the resultant vector summation of alls,forces acting on the particles,
wherein the forces substantially imobilize the particles by the sunmation
of the vector forces ' ' . ] hr omat ogr aphy
bed, wherein each parc?iq%:&ll%gﬁgq?r% ?B@%J&ﬁeén’?ﬁl"*y?%Ist‘h"gggn%‘g‘édw?ﬁgdu?‘c the need for
support st r uciem theichromafogiaplonparticlesver y ot her particle to allow for
ef ficient exposure t I . j . sity and
shape of the bed m&n%éhéag%Fﬁggﬁéﬁ%‘é%n%m%ﬁ%fﬁg)#%&?%é}w@%gg@npar aneter on
t he parti cl esisoligingaaditeig cambrdieg ogeneous |iqui d conprising the target
nol ecul e, <c) separat} 16, 1N L oY ode R fG) [ ONS of the
chr onat ogr aphy bed,; ar)lglgg% reg{lg%?%l{an% § ﬁsgb%éép%asﬁgthtgaégp%rtﬁ%n o%ﬂ t he
het er ogeneous? ¢entifigd! foeasrfiptd whargin tatsentingpypeliownel acliguiideacty i cepateeicond aspect  of
this inventi tHELELd roV| r - f ory ag: chr omat ogr aphy,
conpri si ng, gimgontéll?ﬁpﬁsgegéﬁér/g%a%%rl %gﬁggr%ﬂ?cwkggééggg%&ﬂé%gt one chanber
in a centriflgtalcottabues i ithel rgsulta eveetprasvinaratiprmof Alforass petingondied an out | et ;
b) it roduc NanAetALAIE bR Litthtlialip iRy HOARRCPachliOUMd he T nl et in
a liquid stream wherein a continuous flow of a liquid act's to create a
force which opposten vhdhe entter faersl ading ce fhieebadticlesd auhdpwiing & gravi t ati onal
force contri hifes, Bed! GRtbih 3 MBLTQ inddpERmRh | i@y ces acting on
the particles, V\hoteg%g?ﬂ the for ces psqlbstgalﬁt#gfl‘@y ﬁ%&?ﬁ Ze the particles
by the sumeh¢ aepddpr suppory gocre inoielstion tceverigptenn pettielepartipeifers, wher ei n
each part i ¢l Grhicer LAISRERAILIKSUIRARARS b hQlsic ey BgtbeliRl support
structure in relation to every other particle to allowTor efficient
exposure to diefl mayp¢ ehepgeddl changing e foxsp pararpeiet onfilee rdetielist y and shape of the
bed may be easily chapggd,ovndk LRIk P conl BEG rameter on the
particles; c) coll ectaoiﬁng tgﬁsé I%ﬁg%gcjﬂgai@?%og p?iﬁlr ﬁgﬁ t le chanber and the

c) separating one or more portions of the heterogeneous liquid by

the actions of the chromatography bed; and

d) retaining a separated portion comprising the protein.

In a fourth aspect of this invention, there is provided a method for
performing chromatography, comprising,

a) containing chromatography particles in at least one chamber in
a centrifugal force field, the chamber having an inlet and an outlet;

b) introducing a heterogeneous liquid to the chamber through the
inlet in a liquid stream, wherein a continuous flow of a liquid acts to create a
force which opposes the centrifugal force field and wherein a gravitational
force contributes to the resultant vector summation of all forces acting on the
particles, wherein the forces substantially immobilize the particles by the
summation of the vector forces acting on the particles, wherein each particle is
independently suspended without the need for support structure in relation to
every other particle to allow for efficient exposure to all surfaces of the particle
and the density and shape of the bed may be changed by changing the force
parameter on the particles;

c) collecting the liquid passing throﬁgh the chamber and the

particles, and




particles, 8 May 2006 5a d) isolating a target nolecule fromeither the
liquid collected or fromthe chromatographic particles. In gMaIylzodﬁaspect
of this invention, there is provided a nmethod for isolating a protein,
conprising, a) suspending chronmatography particles in at |east one chanber
in a centrifugal force field wherein a continuous flow of a liquid acts to
create a force which opposes the cersbrifugal force field and wherein a
gravitational force contributes to the resultant vector summation of all

forces acting on the gpgsibnglBseteithiRintlithet A6 1ifAN COFechd B8 tamthal | Y
i mmobi lize the partlcles by the summation of the vector forces acting on

the particl esChrap@ostaMtis BgIcles- chr omat ogr aphy bed, wherein each particle is
i ndependent | y SUSpendBQcMaea h@eth are infaoMend dévikes SHRQ bmBdsidedfor € in rel ation

to every other partic al l.ow for fi.cient exposure to.all surfaces of
the particle %?ﬁ%atf“ﬁea‘bdgdio?af‘9g anrasalye © Eefm“f or b%tﬁgnﬁ’f/te’ﬁaés cR%hged by

changi ng t he émifodiepiaconipeites rdedees e cqpacohiainl pzast;cleb)maldﬁh thg needhfet er ogeneous
liquid compri s%IpP HIB@PJS ef[’rnferr&i) gtﬁo“d%raﬁ‘(} h{l%éeé’g% RlerlB i tPﬁ rﬁahe&%{‘s of the

het er ogeneous trons “0 onat ogr a and d)
retaining a sﬁp@aﬁ&%&l%ér&ﬁadﬁﬁ GdApPIS% ibRG4.0 e apt UtSelP@tentlAPPhcafl@urt h aspect of

~this inventiofys (hh8IEsd6S oMb RW26E6h, 73 0BL; hofres 641 apcﬁné/@msngmpbf omat ogr aphy,
corrprl sing, a) containing chromatography particles in at |east one chamber

in a centrifbsh a‘Fd’i“‘@é’-’ofafeéIbﬁremtl?ifere@’f?é??b‘érthq‘ifa?ﬂtlFF@‘esaﬁn igfhee 3t an outl et ;
b) introduci n&vﬁeé’lﬁﬁ&r&&ﬁﬂﬁ%ﬂﬁvtﬂ bmw@laxteeeftaﬁ@ e hamOBR” bheau@izat he inlet in
a liquid stream whe naceﬁntl uous f.l ow g.ligeuc%\% acts go Create a
force which o@%%cé‘g n ARRlSE; P [§8 seRapiag p é‘°l° g 81888 gr avi t ati onal
force contri bhdres the ddvizes mlcblmnvdwdéﬁgnawmat‘mm”m& ahinﬁfgar ces acting on
the particl e%l,mn\{yifg a%b%dé“t}% forces substantially inmobilize the particles

by the sunma e vector forces acting on the particles, wherein
each particle is i ndemnddntht jevpas@etrdaichopin prowrise fpeelmpprrifsey support

structure in fof E(ﬁlttéuﬂi% (§h90matography materials, such as bed materials, beads, resins or
gels which are immobilized within chambers mounted in a centrifugal field while
liquids, with or without any gas phase (s} in contact with the liquids, are flowed
into and out of the chambers. The bed materials are ordered into a three-
dimensional array of particles, the density of which is determined by the particle
size, shape, intrinsic density, and by the selection of combinations of controllable
parameters such as liquid flow rate and angular velocity of rotation.

In an alternative embodiment, the bed materials are not confined in
closed chambers, but rather are immobilized in open chambers formed by and
between adjacent disks. As with the other disclosed embodiments of this
invention, the inflow of nutrient fluid into the chamber is one force that
co.unterbaiances the centrifugal force exerted on the bed materials to immobilize
the bed materials in the open chamber. Using a2 summation df vector forces, a
CCD is capable of maintaining particles or a resin in a chamber to form a bed with
which materials are separated using chromatography techniques. All standard
chromatography techniques, including but not limited to, adsorption, ion

exchange, size separation, affinity chromatography, ion exclusion, ligand




every other particle to allow for efficient exposure to all surfaces of the
particle and the density and shape of the bed may be changegizviy 20b@ngi ng
the force paraneter on the particles; c¢) collecting the |iquid passing

t hr oughvwgyﬁpﬁgber and the particles, and 8 My 20%@&3%@&?0' ating a
chr

protein tromeither the liquid collected or fromthe ogr aphi c
particles. Disclosed herein are nethods and devices for using conpositions
for separating and isolating biomaterials, chemicals or other materials.
One enbodi nent conprises devices thatgcan contain particles w thout the
need for support structures. Preferred nethods and devices are describes
in US. Patent Nos. 5,622,819; 5,821,116; 6,133,019; 6,214,617; and U.S.
Patent Application Nos. 09/316,566; 09/870,928; 09/773,027; 09/788, 991,
and 10/ 153, 1615%ckange, geversgghphare aid @omnied shaso PatiaIgete uied iy tedi@-ence in t heir

entireties. | NTRLARGEdogrPHE RateRVise® 5 WMreD Heedk hodk Mok hs@f inCel s are
referred to as "CBR' or centrifugal bhioreactor. en applied to the

Whe
separ ati on andFFERAREPELMERdS ALY AE L0t Wnipdtby PREFlsfReY ¢ ReolvmBs are
col | eclti velh y g@agmrmhﬁ@mﬁ?nsi‘ @@ﬂld r']od@ralsﬁQﬁﬂﬂdbflmaheditﬁh:i@nmﬁw&%@ﬁﬂﬂy de¥i ces. In
general , t vices discl gse rei onprjse noye rat uses or
contai ni ng thr ‘H‘ﬁf& %tﬁ?a. t eF—'ilc. I’élf’tlp1 qcﬁc%%ab? e ﬁ’étaé?l?%?]s,se‘%adsz resins
?r I ge\IMs]_ }/_vh-| crpreya_muwm@fdﬁs,mmm W?ﬂ%?wb@mwsﬁmta?dpﬂo&sﬁsoﬁb?t r|t f u_g;alh .

i el ile liquids or W thout an. S ase in, contact wi e
liquids, are f*fpgbjﬁ?g(’ﬂsl m% cgﬂlﬂat%ﬁpn%?y Sfeﬂielxg%iﬁﬁ%%g‘fmﬁ@%éﬁd Yerials are
prdgr ed int odaxf)ikdmnﬁ'mgﬂﬂismnlﬁbmmm@iﬂmgessafy, ipalsd dasilyesconplishediensi tydoL Wnihch
is determned by the partic ize, .shape, intrinsic densjt. and by the
sel ection of conbinati gIPlsg% r%lcbo% rl(l)iF‘ih% 31 émm]i’o%s?a?#éi?lénrlsogﬁc#ese%dl iquid flow
rate and albul dromagigophyt matedal foohathiamber dr phaubeslof ennatmoreCEMadi nent , t he

bed materials i i . are

i mobi | i zed i nfgf)“glé%9%%“2%&”@‘%%?@%&%3%22“&%%@%%% ag‘?jfga{@gtﬁg% sks. As with
t he ot her di scfiras stiich fiscaesrmmiesulesfarg o s sepamapasin aridorllectikpethe mhlatsdy of nutri ent
fluid into theta&&%@?&ﬁleé.s one force that

Accordingly, disclosed herein are methods for isolating materials
15 comprising devices comprising one or more CCDs which use compositions for
chromatography.

The present invention may be understood more readily by reference
to the following detailed description included herein. Although the present
invention has been described with reference fo specific details of certain

20  embodiments thereof, it is not intended that such details should be regarded as
limitations wpon the scope of the invention. The entire texi of the references

mentioned herein are hereby incorporated in their entireties by reference.’

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 illustrates the process of an apparatus of this invention.

FIG. 2 is an illustration of the mathematics governing the motion of
a particle due to the effect of gravity on that particle when it is restrained in a

centrifugal field that is opposed by a liquid flow.




count er bal ances the centrifugal force exerted on the bed materials to

i mmobilize the bed naterials in the open chanber. Using a sUpERLOOG Of
vector forces, a CCD is capable of maintaining particles or aresinin a
chanmber to forma bed with which materials are separated using '
chr omat ogWvapHesst@chni ques. All standard chromat ogr apmBCHESHMuUes,
including but not limted to, adsorption, ion exchange, size separation,
affinity chromatography, ion exclusion, ligand 8 May 2006 WO 03/ 039702

PCTI US02/ 36497 6 exchange, reversed phage and nornal phase partitioning,
are used in the CCD. The chromatography materials used in a CCD include
those materials used in chronmatography nethods, and are not limted by
particle fragility due to colum weight considerations. Methods al so

i nclude | ow, nedi um and HiGYB ipandRistition of the eusitdnichstbawl o girdgdwyhderSuch nmet hods
can be used for analytical, sem - preparative processes, initial
clarification, meeqaatditsy#FIGid.trati on and process scale applications. The
chromat ography systemis easily created in a CCD and thus, dismantling the
system for -cl eani ng, if WFECebkdaray maihenagibs oevamstidny ofi dico igrhotslivedon | N gener al ,
t he nethods conprise addition of a desired 10 chromatography material to

t he char nber or conbiioiyet s giodn radnes. or nore CCD and formng a bed or

chromat ography plates by running the CCD, adding the liquid fromwhich the
target nol eclil es are to HE. §é&paraatlys,of dedalenk o cinirifgpat fosed adiflatved t ar get
nol ecul es. Accordingly, disclosed herein are nethods for isolating
materials 15 cuiity Hiroegincevihtngsylmdmgpliseacyr chambar nore CCDs whi ch use
conpositions for chromatography. The present invention nay be understood
nmore readily by referencdG. 6 & anhealfsilof Gwibalgned of eantréfizabioses anptiiown i ncl uded
herein. Although the present invention has been described with reference
to specific detwlde8y bfcesimmtrethting 26 idiiys mupoltilbmtiengthambet. | s not i nt ended
that such details should be regarded as |inmtations upon the scope of the
i nvention. The entire t&dE. Dis anfilstratitreofariesdimpesinplamredofiperticieninar e her eby

incorporated in their entireties by reference. BRI EF DESCRI PTI ON OF THE
DRAW NGS 10  arotating conical biocatalyst immobilization chamber.

FIG. 8 is an illustration of the inter-stratem buffer regions in a
three-dimensional array of 'particles in a2 rotating comical biocatalyst
immobilization chamber.

FIG. 9 is a mathematical analysis of the infra-stratum flow velocity

15  variation in a two-dimensional ammay of particles in a rotating conical biocatalyst
immobilization chamber.

FIG. 10 is an illustration of an example a conical-shaped
immobilization chamber and the boundary conditions wlﬁch determine those
dimensions.

20 © FIG. 11 is an analysis of the positional variation of the centrifugal

- and flow velocity forces in the chamber of FIG. 10 at a flow rate of 10 mL/min.




25 FIG | illustrates the process of an apparatus of this invention. FIG 2
is an illustration of the mathematics governing the notion of Magop@gticle
due to the effect of gravity on that particle when it is restrained in a
centrifugal field that is opposed by a liquid flow 8 My 2006 WO 03/039702
PCT/ US02/%@83%972FI G 3 is an illustration of the resuPE€HBI2AYPT on of a
particle under the constraints of FIG 2. FIG 4 is a nathenmati cal

eval uation of the immbilization conditions at a given radius. 5 FIG 5 is
an analysis of the balance of centrifugal forces and flow velocity forces
in arotating cylindrical bioreactor chanber. FIG 6 is an analysis of the
bal ance of centrifugal forces and flow velocity forces in a rotating

coni cal biocatal yst inmobilization chanber. FIG 7 is an illustration of a
t hree-di nensi.onal array ®G. pRilubtekees sisfem aCording ot @tibiEnbodinedd ofi ocat al yst

i rmobi |'i zati on ?chhanb%%). FIG 8 is an illustration of the hrter-stratum

buf fer regi ons PA™™ s ee- di nensi onal array of particles in a rotating
coni cal biocatal yst i nmmolGli 1at {losraehamomer. shdt€hn  Sccbisling nat Yueinmt | cal

anal ysis of the intra- CFALum flow velocity 15 variation in a

t wo- di mensi onal en&’r"?’ﬁ?“%f’ %5?’??%%5 in a rotating conical biocatalyst

i mobi i zati 6n chanber. HGG1410lubtsteanyet lahatlsd r ysteo nacodrdiapg texeanpise a

coni cal - shaped _j i) i chanmber and the boundary conditions which
det er mi ne thoseembgﬁgrr}é}rlﬁg?(})%%bg%&gl G 11 is an analysis of the positional
variation of the centri fEgal5 iandidt owsielvisei ofya fGUTE escordmgt yagowshanber of

- FIG 10 at a fl%‘%oéﬁ%&ts%th&%véﬂﬁé@ n. 8 May 2006 WO 03/039702
irrustra

PCT/ US02/ 36497 tes a system according to various
enbodi nents of FIGs. 16A and 16B show end and side views of a chamber of the

10 CCD according to the embodiment of the invention shown in FIG. 15.

FIGs. 17A and 17B show end and cross-sectional views of one side
of a chamber according to the embodiment of the invention shown in FIGs. 15 and
16A-B,

FIGs. 18A and 18B show end and cross-sectional views of one side

15  ofachamber according to the embodiment of the invention shown in FIGs. 15 and
16A-B.

FIGs. 19A and 19B show cross-sectional views of one side of the
chamber according to the embodiment of the invention shown in FIGs. 15 through
18A-B.

20 FIGs. 20A. and 20B show end and cross-sectional views of another
side of a chamber according to the embodiment of the invention shown in FIGs.
15 and 16A-B. , .

- FIGs. 21A and 21B show side and end views of a portion of a shaft
of the CCD according to the embodiment of the invention shown in FIG. 15.

25 FIGs. 22A and 22B show side and end views of another portion of
the shaft of the CCD according to the embodiment of the invention shown in FIG.
15.




the invention. FIG 13 illustrates another system according to various
enbodi nents of the invention. 5 FIG 14 illustrates yet anotdpfay2yss em
‘according to various enbodinents of the invention. FIG 15 is a front or
side view of a CCD according various enbodinments of the invention. FIGs.
16A and YEBYHB? end and side views of a chamber of tHETYHZEY accor di ng
-to the enbodi rent of the invention shown in FIG 15. FIGs. 17A and 17B show
end and cross-sectional views of one side of a chanber according to the
enbodi ment of the invention shown in Flgs. 15 and 16A-B. FIGs. 18A and 18B
show end and cross-sectional views of one side 15 of a chanber according
to the enbodi nent of the invention showm in FIGs. 15 and 16A-B. FIGs. 19A
and 19B show cross-sectional views of one side of the chanber according to
t he enbodi nent of the i FfENLEAA3E H@wsiderindtic&-sectibndl hices gfe mdiBidB. 20 FI Gs.

20A and 20B sho n n Ir.0ssssecti onal ..vi of. _another si of a
chanber'accordiér%‘e}?gftﬁ%gcéacé’aqmr%etﬁtﬂmo %%ﬁﬁﬁggﬁﬁvgﬁwgﬁgo " Pa Bl Gs. 15 and
16A-B. FIGs. 21¥.and 21B show side and end views of a portion of a shaft

of the CCD according toﬁ@ezggﬁ)o%i ment %fewtot}eai Y)ch%ci rgglgstgowa@m&sn FI G 15.

25 FI Gs. 22A and 22B show 'si de and end views of ano porYl on of the
shaft of theS CCmmtadipentsiofitgs inwntidve enbodi nent of the invention shown in FIG
15. 8 May 2006 WD 03/039702 PCT/ 11S02/ 36497 9 FI Gs. 23A-23E show si de and
cross-sectional views of a manifold sleeve of the CCD according to the
enbodi ment of tPETAIRERBPESGRIPFKENN in FIG  15.

In general, the present invention is directed to methods for

isolating materials using devices described herein and compositions comprising
10 media and particles for chromatography techniques. The invention contemplates

the isolation of one or more specific components from a more complex material,

such as isolation of proteins or peptides from fermentation broths or tissue

extracts, or chemicals from chemical reactions. Any materials that can be isolated

by chromatography methods can be isolated by the methods, devices and
15 compositions described herein, and the invention is not limited by the description
' of specific materials or chromatography techniques.

Methods for isolating target molecules, similar to those currently
used for isolating molecules, comprise using one or more of the devices described
herein, referred to as CCDs, centrifugal chromatography devices. The present

20 ‘invention includes, but is not limited to, methods of clarification, filtzation, single-
stage adsorption, batch adsorption  absorption methods, ion exclusion
chromatography, normal phase partition, reverse phase partition, polar
separations, nonpolar separations, hydrophobic separations, hydrophilic
separations, ligand exchange, ion-pairing, size exclusion and affinity

25  chromatography methods. .

For example, the initial purification step or steps of isolating a
target molecule begins by adsorption chromatégraphy using a conventional bed of
adsorbent positioned within a CCD. Prior to addition of a starting material, such

as a fermentation broth, a tissue exiract or a chemical reaction mixiure, the




FIG 24 shows an end view of a CCD according to various 5 enbodinents of
the invention. DETAILED DESCRI PTION I n general, the present gmagrmo@n IS
directed to methods for isolating materials using devices described herein
and corrp05| tions conprising 10 nedia and particles for chromatography

t echni qué¥0 034872 nyention contenpl ates the isol ation ofCHEHEZ3¢*hor e

speci fic conponents froma nore conplex material, such as isolation of
proteins or peptides fromfernentation broths or tissue extracts, or
chem cals fromchem cal reactions. Anyigaterials that can be isolated by
chr omat ogr aphy net hods can be isolated by the nethods, devices and 15
conpositions descri bed herein, and the invention is not limted by the
description of specific materials or chromatography techniques. Methods
for isolating tstrtjeg matedia sugerslly Slapfibdor 4t deasthloge potivubagss tteyremersdd f or

i sol ating nol ec t e escrlbed
herein, ref erregilvt?o ag% LS,S?OIUI%?B%T] uga eﬂ%:hogg({eﬁ Sgt‘lrfa% ﬂ%g%oﬁcgns&j

present 20 i nvemiqrqﬁitralhm;l Tigeffcidbet off ascenipifughtiioni step dertends qmlﬂﬁ@lﬁs?lzea‘
clarification, sztﬂﬁ'ér&ge be%v!{e@lgl:h@ paﬁﬂ:l@sgﬁndacﬁiess‘ﬁﬁ&m'dﬁgh 19@5#&'\;1%&%[ ption

absorption net ho Ion excl usion hr omat ogr aphy phase partition,
reverse phask pafrthfr fepdshack. ﬂ’&leahandhwatcﬁlbn%wh Wﬁwmﬂ %%‘rcﬂléh‘mﬁgaltaiﬁeéns

~hydrophobi ¢ sepgg eﬂaqaﬁ;,mzbwﬂm@ogtyé&f&@a@ta&daﬁaﬁ,ofhbﬁancﬂhaezm@ge

ion-pairing, size usion and affinit hr omat ogr aphy net hods. For

~exanpl e, the |nmspdmeqsmﬁ¢nﬁ;f@ga¥qwds<tf@@)n@kesgt diffiouls o P%natqowglewy t ar get

mol ecul e begi NS, RS HRA! CRnRiaPRBLAGLARRYHRIRG AIRETESL: alnl Ded of
adsor bent positioned within a . Prior to addition of a starting

mat erial, such sugkmathedscarsheused IIPT by B6TPtion oF ploay atel Wher BQRCEHIEEO Y he i .c al
reaction myjurgy tat%&%cﬁech’@é’ls 20084, M@u&%&%@@%ﬁ@d&%&%@@ﬁﬁ&al@ starting

material is generally clarif | eaSt, large_ partjicul ates are

or
removed. St and@gthods oF frRiefiva éﬂ 3 QpDr éﬂﬁ\?&%de slertipg P‘Pfén% cargsAdied 1940

centrifugation @af usdlifd ﬂéﬂa{aﬁfﬁtdpoﬁheﬂ_ﬂ?e@ﬁlﬁeCdlﬁﬂlﬁﬁélz@fseparaﬁ@{ﬁeﬁdsf ugation
step depends on particl.e size di flerence between fhe particles
and t he surr ourdt Hi‘} 9 la%ﬂelaﬂle gﬂ@n@p@%&g ewnatenalsmﬂle starting material while

smaller materials flow through to the next processing step.
15 To obtain a solution that can be further purified by

chromatography, centrifugation is usually combined with filtration methods, such
as microfiliration. The methods of the present invention comprise use of CCD
with pretreatment or post treatment of the material by centrifugation or filtration
steps. Filtration includes filtering methods using membranes and filters made
20 from known materials and comprising pore sizes comprising ranges from
nanometer fo micron to millimeter to meter sized pores.
A method contemplated in the present invention is adsorption to a
tesin. This technique is ofien useful when recovering the target substance from a
large volume of crude feed. Methods of single-stage adsorption and batch
25  adsorption are contemplated by the present invention. Resins are added to a CCD
and the crude feed, or media to be clarified, or any other liquid is added. The
CCD and resin can be used to isolate plasma coagulation factors with DEAE
Sephadex.




5 of the feedstock. Wien handling small cells, such as E. coli, or cell
honogenates, snall particle size and high viscosity reduce g hryagosint of
material that can be used in each centrifugation and often rrakes it
difficult to obtain a conpletely particle-free liquid. Centrifugal met hods
are knowWQ®/BH8ke skilled in the art and such net hodCTEEAZ¥4Y7used pri or
to adsorption or at any step where concentration 10 of target nolecules is
needed. Alternatively, centrifugation can be replaced by nethods of
separation in a CCD. The crude startingynmaterial can be added to a CCD
used in a preparative step, where for exarrpl e, a bed of size separation
beads are used to hinder the novenent of larger materials in the starting
material while smaller materials flow through to the next processing step.
15 To obtain a sol ution THea@Cle aml inethdds rof er prsemti ifiveationbipr siugle-gmget ogr aphy,

centrifugation éc@ofﬁt?o‘ﬁazlrt%tcg%?a{pﬂﬁlar%mn o&s.r Sk &&dﬁ%tcﬁ%ﬁi ity sgh  as

mcrofiltration rese I nvention coO e use of CCD
with pret reat memtthals feomse ﬁheemlmtoﬂwt Imhenaﬂmblcérabﬂ bgsﬂyc@d@qdl fndgat i on or

flltration st epmuhsl ddPhb 2Cn, BEridesdd bifLhiGe MREHRdRed!SoRg oMETbr anes

and filters nade om known teria nprising pore Sizes
conpri si ng rangestehiof Banid keg fesirdreush the bﬁﬁ:éﬁ@ﬁi Eeemaved ande ey badof st er si zed

pores. A met ho%aﬁ@%@ﬂﬂ@ﬁ&&tlyﬁefsgtﬁie@fomDhlmﬁggeésﬁ cin%oﬁ%@rlgt' on to a

resin. This technidque is often useful when recoverin e target substance

froma |arge vaienmethofs, @riogpesystend gan hetspb Epstetin @Frﬁ‘gwgl@?“ﬂbéhed?féor ption and

bat ch 25 adsor%&r@%aﬁrcﬁe‘%ﬁﬁttﬁrﬁ&bﬁt&ﬁpﬁ% 106vaP bEBERE mb!&&ﬁe@tﬁoﬂﬂtheReS' ns are
added to a CCD_ _and the cnd ed, nedia to be clarified any ot her

liquidis addediquigher to ezwataﬁ@ b%@iﬁ?ﬂaé alrincp e fargy mofpeyle aﬂr%\lecé’efbfr%

coagul at i on(f achOfihid¥nki s ddfeibed oﬁﬁlﬂ{%%@@iﬁateﬁal '\@é'hq%ﬁfm Q34038702
PCT/ US02/ 36497 11 The CCD and nethods of th resenlt:} i nvention for

si ngl e- st age dH@B‘Pb@ei"E?ﬁdﬁ‘fmsﬁ%ﬁ“eﬂfg'ﬁ%‘%Bﬁ?%hé?%tamﬁfcaﬁé‘éﬁébeéver st andard

chromat ogr aphy onft mcl§wm@@ﬂhs Bed AerlaPiS bﬁe@&emhﬁmmhwbmt&@h@la can be
easily added a hdr a for exanpl e, changing the

m_t he CCD, . by,
rotation speed. tﬂ@?egé rest 1y ?"B %Fhwbﬁﬁm*aﬂal.a%l hsaErPvEhEOtGR (CRe™bed, the bed
is renoved and iRaB@w rBfchede il molecule. If the bound target molecule is not wanted,

15  the bed material can be cleaned within the CCD or removed from the CCD and
cleaned or discarded.

A method for bulk separation of target molecules is adsorption of
the target molecules in a fluidized bed. In some applications, this method
eliminates the steps for particulate removal. Fluidized beds are created in a CCD

20 by establishing a bed material in the CCD by the summation of the vector forces,
so the particles of bed material remain suspended in substantially the same
location within the CCD and then flowing the media having the target molecules
through the bed material. ‘

There are a large number particles that can be used in the methods

25  of the present invention and in the CCDs for separation of target molecules from
the media that contains them. For example, agarose support particles have lbng
been used in chromatography methods. Commercially available adsorbents based
on amorphous silica have also been used. These adsorbents are denser than

agarose-based adsorbents, but the smaller bead size enables this material fo




sane type or a different type is added to the CCD and processing can
continue. In other nethods, a |oop systemcan be used to regNafj20be |iquid
through the bed nore than one tinme to assure conpl ete renoval of target
nol ecules fromthe liquid, or to saturate the bed material. Once the '
target noWeE¥IRT®s renoved from 10 the liquid and i s aBCHBEWE4®Nht o t he bed
material, the liquid is processed in a CCD or other device downstream |If
the bed material has a target nolecule adsorbed onto it that is wanted,
the bed material is either treated V\ntggn the CCD to release the bound
target nolecule, or the bed material be renoved fromthe CCD and
treated to renove the target nolecule. If the bound target nolecule is not
want ed, 15 the bed material can be cleaned within the CCD or renoved from
thle CClD and Clje:q:iaﬁttodi{esﬁi?&&b@fﬁd%ed@%fﬁ@l‘d@@ﬁka&wcd?&#aiﬁbl%??xﬁﬁ%&dﬂﬁbg gf dt ar get
nol ecules is a rption of. t taretrm es in a ui dj ze e In
some applicati oﬁﬁ?rg’tsﬁ’f)i}mﬁtﬁqoﬁdlﬂﬁegﬁeﬁe PR i ﬁg e Wpeq patiglps up??;dr"‘lslﬂlf‘ul ate
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bed material. Any partic can be use stan romat ogr aphy
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serial arrangement or in parallel arrangements, and in combinations with other
separation fechniques and apparatus, One process step can be performed in one
CCD and the eluent from a first CCD can be fed into a second or more CCDs.
This system can be used, for example, for a method of treating large amounts of
liquid in CCDs, all of which comprise the same bed material, so that all of the
20 liquid is freated at one time by many CCDs, in either a serial pathway or a paraliel
pathway. Altematively, a method comprises adding a liquid comprising a target
molecule fo a first CCD having a particular bed material, having the liquid
effected by the conditions in the CCD, and then adding the liquid leaving the first
CCD to a second CCD having a different bed material. For example, the crude
25  feed stock is added to a first CCD haviig a bed material that provides a sizing
function and removes larger materials such as cells or cellular debris. The liquid
leaving the first CCD, having been acted on by the bed materials, no longer

contains as many cells or as much cellular debris as it did prior to being exposed




conditions are also contenplated by the present invention. As used herein,
isolation of a target nolecule includes all of the steps ingak ogn the
process of isolating the target nol ecule. For exanple, steps of clarifying
or centrifuging stock feed broths is included in isolation of the target 10
nDIecuIefWSgﬁ #ly as the first step in the process oPCTEYREEPDn. The
processes nmay or nmay not lead to a target nolecule that is free of the
starting material, but includes any stage of purification that is reached
by a particular step or process. ththg of the present invention conprise
preparation or isolation of target nolgcul es by one or nore CCDs. The CCDs
can be used individually, in 15 serial arrangenent or in parallel
arrangenents, and in conbinations with other separation techniques and

apparatus. One W #&BsISnadRD Ttirelel RRI 6 (IR tdiifto @ 8Rond XD, ARehdshe el uent
froma first CCD can pe fed intpo a second or nore CCDs. This-system can be
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exposed 8 I\/é@az 58 Wﬂlﬁ 0 % ﬁ&gﬁ e{Yi { 0 e betg ndaterial. This
treated |iquid érshd il chielb dleated onwadalnokt€@El, t hat has a bed material that
acts as an ionic eXChangﬁ{e-chﬂog?&%ﬂagfmgﬁgﬂ?%edtg%fr‘e&G&? hdirileEP Can be

perfornmed on a |arge anount of ting material, such as stock or broth
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15 performance liquid chromatography columns. The choice of material added to

one or more chambers of the CCDs is determined by the starting material, such as
tissue extract, chemical reaction mixture or stock broth, any jareprocessing steps,
and the target molecule or molecules to be isolated. In the methods of the present
invention, because the CCD contains the bed materials by a combination of vector

20  forces and does not rely upoxn either a support structure or the other bed materials
to hold the bed materials in place, compression of the bed materials does not
occur like that found in conventional column techniques. Therefore, smaller
materials or materials not capable of being used at higher pressures can be used in
the present invention. The choice of chromatography materials is not limited by

25  the same considerations as those found in conventional chromatography and the
present invention contemplates such novel uses of these materials. The present
invention also comprises methods and compositions of buffers and eluents that are
known to those skilled in the art.




~in order to provide multiple passes of the heterogeneous |iquid over the

isolating or separating material (particles) contained w thgMatreoehanber
or chambers of the CCD. In this way, a particular target nolecule can be
t horoughly renmoved from 10 the starting material, which | eads to greater

“armounts SYOBYER ol ecul e obtained, or the liquid cfFPSEPEYEr ed of

unwanted materials. The chronmat ography materials added to one or nore CCDs

include all known types of materials used in chromatography techniques,

particularly those used in packed bed;pr expanded bed colums, and |ow,
medi um and hi gh 15 performance |iquid chromatography colums. The choice of
mat eri al added to one or nore chanbers of the CCDs is determ ned by the
starting material, such as tissue extract, chem cal reaction m xture or
stock broth, any preprocdebssiefigalsisgpsof thapasdnh évérsivgéd thaothe CdDeisor nol ecul es

to be isolated. Ln the.methods of .th resent Lnventi.on se the CCD
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not rely upon ekdid)eapl, desl ppbed maenialck wasdy eddet! he ot dhambdyed cheatbersi al s to
hol d the bed majeri.als i I c I i on_pf ial s does not
occur |ike that %na Ofthlﬁé%r?@%ﬁfp?nc?ga ’mglglf%o(arrﬁr gg%?%tﬁgg?ﬁ%ﬂ%@g%or e, smaller
mat eri al s or5 nebahé dbsiredepeed ap gidid tiof sitpeandgshape deeded irgthe paiewdsssur es can be
used in the pr L b ON. T i t 2 terials is
ot 11 mited by Sarps JERkBRen e hilid cate FRAGHD caRPRNEAIE. T\ P onal
chr omat ogr aphy camtrifugd doroqy fhe San ofithavewlia soranconitesviy. alles thspeticlidvel uses of
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conposi tions of ers an uents that are known to those skilled in the
art. 8 May 2006nd4Briatip 3epadedaTHuB02s 86 hel pariclhefresin.cTkis eli¥hect of the

present | nvrgﬂt iiglrlaff-i&eng%ﬁtx%&qu altbddabes of tﬁ%ﬁ!{rﬁc}'e, BPpakiAd B8fk paliiliefGBEr @l , the

chromat ogr aphy nateri erein referred to as "resin,. I%LV%I, bead, or bed
material, is edstdovemiesec pioblpneandibamsaiclepsre mantized yithipfesbybea port. The
bed is formed by, 0a00% A BREmMMGRST the nRbid bRy Bf cHaBBaGRAMRREL? tO the
desired speed to yield the size and shape needed for the particular

appl i cation. THy einentae fares.oncledies (e cqtsion Parmetgeclhe PRHEPWR®E, but not
limted to, cepbkidusigal frofiOme fharttRe iff b5 @ryOfind M6 HBY ARariiefamband gravity,

allow the particlés to
: pl cleaned or sterilized for another tun. The particles can be recharged or cleaned

while they are maintained within the chamber or flushed, cleaned and added back

to the chamber.
The forces created in the CCD cause the bed within the chamber to
form quickly after addition of the particles, which are generally added with liquid.
20  Once the preferred force summation, including rotation parameters, is reached.
within the CCD, the bed will maintain the desired density and shape. Should
processing steps require a different flow speed of the target molecule through the
bed, the density and shape of the bed is easily changed by changing the force
parameters of the CCD. One CCD has the capability of providing a multitude of
25  different chromatography techniques, even without changing the particle type.
For example, a CCD with sizing particles, at a particular force summation
parameter, can be used to initially filter a fermentation broth by passing the broth
quickly through the bed so that only large materials are retained, by for example,
forming a lower density bed and having higher flow media so that only large




forma bed in the interior of the chanber of the CCD wherein each particle
is independently suspended in relation to every other partighgy@osesin.
This allows 10 for efficient exposure to all surfaces of the particle, no
packing of the particles, no back flow pressure problens and the particles
are mai nt¥9RE@OWRt hin the chamber, so that there is nBCEB#RAfPhation of
the nmedia exiting the chanber with particles. By changing the forces,
including the rotation paraneters, the particles can be easily flushed
fromthe chanber if necessary, and thegnpty chanbers can be 15 cleaned or
sterilized for another run. The particles can be recharged or cleaned

whil e they are maintained within the chanber or flushed, cleaned and added
back to the chanber. The forces created in the CCD cause the bed within

t he chanber to mhtoialn griictideyd. ahd patickdad id casilyafeatdddypasting |86 samhi ch are
general | y added t ce th ferred. force su ion,

i ncl udi ng rotat F% pa&ﬂggrg{’rglr%mo%s T %b%d%?'ﬁlflﬁg%ﬁ%reﬁgﬂta%f%gnied will

mai nt ai n t he desperabuk ﬂmmspargmeaamjﬂmhaltw. foShangérdretepticacias bpghestagpls require a
different flow g g %of the target nol ecule through the bed, the density
and shape of the bed is easily changed by changing the force paraneters of
the CCD. Oned CCD has thé['heéZfQmebﬁmcy ansf compwtlom pegpra@meba protimobe vofh 25.
different chro E@grb@cpwoﬁl%gg}" g vnggygﬁ{ts hangl éﬂﬁ .grarticle
type. For exa:% w 't |2|n partg” a par ar force
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are retained, by for exanp ower enS| havi ng
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The same CCD can then forma nore dense partic aeér by u5| ng different
rotation and CPEPERiERY Gissdicdly ety §°1F1h%1teifézlﬁln@>vwfid)ﬁelﬂcbﬁ@er1fr etention

tinme by the tanggkr calfreetofimns Jﬁ%kMMQ%oﬁ&daﬁW%ﬁeh gds overcome

the problens with packed bed chromatography, whil’e providi ng excellent
separ at'i on. Thé’OB%RféHme%’é‘& %ﬂ%ﬂﬁéﬁ?ﬂwww@ameawwmemenaegman excel | ent

col | ecti on devisgendhRlabiakbt cul at e

15 The CCD does not accumulate materials due to packing constraints

because a change in the force summation parameters can expand the distance

between each packing particle so that the each particle can be flushed clean on all

surfaces. Additionally, if the packing materials become contaminated with

adhered materials, the packing materials can be easily flushed out of the CCD

20  chamber and new packing material added while the original packing material is

cleaned or recharged, or the material may be cleaned or recharged within the

chambers. The chambers of CCD can be made from any sturdy material and
therefore are resistant to harsh buffers or materials, making them easily cleaned.

EBxamples are provided herein for applications of the methods and

25  compositions of the present invention. These examples are for illustration and are

not to be seen as limiting the invention. The invention comprises separation of

molecules using CCD, and any separation techniques that can be adapted to a

CCD are contemplated by the present invention. It particular, the invention

comprises compositions comprising known particle types and novel applications




matter. The smaller the packing nmedia, the better it acts as a filter.
Bonded resin colum packing materials are suitable for sepaggfdyngogertain
solutes, but are also 10 capabl e of retaining other conponents of the
sanple indefinitely. These retained conpounds nmay significantly decrease
col um efWQ8YBMEY and selectivity. If proper care of PEREUMBUAh is not
taken then tinme and noney are wasted when the colum is ruined in a short
time. Columm mai ntenance is a constant expense with attendant | abor costs.
15 The CCD does not accunul ate naterialjg due to packing constraints

because a change in the force summati on paraneters can expand the di stance
bet ween each packing particle so that the each particle can be fl ushed
clean on all surfaces. Additionally, if the packing materials becone

cont am nat ed. woi jartickdiyes €t cmaiot be alrenilt dved paaist offimiadtiedsiiabiandaain be easily
flushed out of t.he chanber and new - in rial .added while the
ori gi nal packi néghr?]%a%cgﬁ%pﬁ?aplp is}wh% Sé’lé%é% °§Pm?“23ﬁ§e cg%af@remtoﬁ%c cé’grri al may be
cl eaned or rechmrdgsdibed, ithinderstbrg tha hautipde €CDT e clehhearberesaloficleiiddcan be nmade
fromany sturdy I s r ef re.resi: har. buffers or
mat eri al s, nmaki ﬂ’g%%&'ﬁ@del%rgﬁgﬁ{}mtgﬁgggeaggcgg%hﬁﬁ g@elgtﬁog{]%?%@? H@H%dﬁglr ein for

appl i cat i onsS of contpenautst fresskge ks, 185 orpmtplrstitics, ahanbef shipre, ligridsiapid | nvent i on.
These exanpl es gfe o] Plotdrivi gﬁ%ﬁ&é&% I%P‘i%m%{ng o ’E&tin{}e%ﬁﬁf’a]ﬁe:ﬁ& el IMLing the
invention. The Thvention conprises separation of nolecul es using CCD, and
any separ ati on tombinatiops eftheshiand offercobponedia predngiude in the @EBnbingentiont enpl at ed by
the present invention. | G - el i i : i conposi tions
conprising known parti cl%l{g%ﬁeéée%gh _ﬁ%svgelliqdéa%\éﬁh%g%i%g%s fli\%l1 c%%16’06 WO

03/ 039702 PCT/ Usdinchsla 9y pariglasfor pyieridle fhet ¢ap he gsadien cheemptngtaple durrent |y
used becausgy of polff Blule 5t e ShAA b FREDPE RILRAGK iRPRICER! | Ons such
as colums. Were one or one chanber I's described, 1t understood that
mul tiple CCDs ofmepasbeich auipsolams ehpmatemmpby 20d agfdp esppriemodagplas inconponent s

are described, ff liguid MIEALKDRMEA kb DD dRethdék MRl pa2icRORRAAEHLS, DT eSSUT e
| evel s, resin or particle types, chanber sha}iﬁes_, liquid, liquid flow and

rotation parandteérae fmmed,Ho pibed enchbeld subsaiialy v Ane BSetion itk fhenovel

combi {lat i ons  of chiubiRs By BB GunRthdiiBh oSRERNBIBELRISs Akify dithd pidbs] BxdnkpResPr esent
I nventl on. .

15  of particles include, but are not limited to, agarose, sepharose, silica beads, mixed
- composition beads, anionic beads, cationic beads, affinify chromatography beads
and specialty beads with functional groups. These chromatography materials are
known and are commercially available from companies such as BioRad, of
California, and Amersham Biosciences, Piscatawa&, N.J. '
20 The present invention comprises methods and compositions used
with a CCD such that the CCD functions as an expanded bed or packed bed
chromatography device. The CCD can use adsorbents to form stable fluidized
beds at high operating flow velocities. Ion exchange resins are used, such as those
made from highly biocompatible agarose base matrix with an fnert crystalline
25  quartz core material to provide the required density. The defined particle size and
density distribution of the adsorbents yield expanded beds with well-defined and
consistent hydrodynamic properties, and with adsorption characteristics similar to

those of packed beds of standard chromatography media.




As used herein, particles, beads or resins are used interchangeably and
include any particles or materials that can be used for chrogiRtQ@Uephy. A
10 particle is capable of being used for chromatography if it functions in
a CCD to forma beld, such as in colum chromat ography, and acts to '
‘separ at e P¥BW2s in the liquid or media that is add&I¥828HY ccD
chanber. The particles formng the bed are forned into a bed and hel d
substantially in one location within the chanber by the summati on of the
vector forces acting on the particles. jg£xanples 15 of particles include,
but are not limted to, agarose, sepharose, silica beads, m xed

conposi tion beads, anionic beads, cationic beads, affinity chromatography
beads and specialty beads with functional groups. These chromat ography
materials are known andCr metboisvaihoixpdndsd Bodahiraddrietich canbecewpasni es such as
Bi oRad, of Calji&9r i Bi osciences, Piscata .J. 20 The
pr esent invention_coﬁ%??gg%mﬁgﬁﬁ%gg%gﬁﬁx%%§%%§ﬁF%o ‘3H§$ﬁ¥€%%ﬁ4¥za CCD such
that the CCD f wieeificaien, canceniratioxqdrivita poefitaton qambkashbbed intcheaniit ogr aphy
device. The CCRL6RMSEVRES AURE f table fluidized beds at high
operating flowve oé??ﬁes.gloq %ﬁiﬁ%ﬁﬁégég%ﬁﬁ@e%?%*ﬁ%@ﬁ?I%ﬂ@ﬁ° s those
made from hidyhipjocssseepminateishd deld ghortss evelplipeceratime, xednkead fabancoisiread t

crystal l'ine 25 ;giiadd dndifY &stHl S4id exhéh VirG@,: I [ sity. The
defined particle sjze and Sdensiﬂtly_ed -sf?‘fr.'uf‘?‘gﬂ$“g§y’€ﬁ3’%5%§€?° BETs Vi el d
expanded beds viasHaliert bejusd ieprogastng wioh diffsreairmatbripliriodydiragrbet mtoper ti es,
and with adsor p4iied N64REH DS, ShdlikPlysho B! DESE.ak beds of
standard chromat ography nedi a. g_Nhy 2908 Q@)03?0337§§H%%#$B§%g/36497 17
CCD net hods wi PFPIBEhEeAGEE fiemdacterit srsteinbest jaeimals and et eelledyenssioell i ni ti al
recovery Oofi0l apgPbmi i iPmbioiilsC WAL nifAlles kAfiidl ol AGAGR, ST ePS of

clarification, concentration and initial purification cah be conbined into
one unit oper &84 B8R PERl sy e srlBEskathpmil asimab ivwomraduelan a decr eased

nunber of 5 pr@g0s xSt SuknbWC bRAROHaMiR, Anenit® (La8onONBLAs! mRfpCeSS ti e,
reduced | abor cost an educed runni ng cost and capital expenditure.

Addi tional 'y, SFFRi F<He staretant Heim o Papfiguops fuigieed Belgbieiaqitocessi ng such
di fferent nateSodtemitaialsiiel g refbrdd 1684 hetdrdgbtoh€Hquidd. TRAKESSdeRloudiONDgenat e,
acterila sal.e... t. oLl .l NnCl uUsli on DOdI es .. .
bact | llg ilqﬂldsEcan %S Ihlghly hetlerogenous, gleaqung that the liquid contains very many
diﬁ‘eren’; kinds of molecules, or the heterogeneous liquid may only comprise more
than one molecule, such as a liquid taken at a late step in the purification process..
CCD methods and devices can provide a single pass operation in
which desired proteins are purified from crude, particulate-containing feed-stock
20 without the need for separate clarification, concentration and initial purification.
The CCD bed created by the design of force parameters allows for a distance
between the adsorbent particles, providing an increased void volume fraction in
the bed, which allows for unhindered passage of cells, cell debris and other
particulates during application of crude feed to the columm.
25 \ Crude, unclarified feed, a highly heterogeneous liquid, is applied to
the CCD bed and target molecules are bound to the adsorbent while cell debris,
cells, particulates and contaminants pass through unhindersd. Any farget
molecule can be trapped this way and the method can be accomplished using

different adsorbant or absorbant materials. Weakly bound material, such as




products secreted from bacteria, yeast, insect, animal, and plant cells,
yeast cell 10 and other cellular honogenates, whole hybridonamMagrameat ation
‘broth, nyeloma cell culture, whole animal cell culture broth, mlk, aninal
tissue extracts, plant tissue extracts, unknown source materials, chem cal
reacti on WP W netal slurries, and cul ture super nBEHAOZ8¢8Mm a
continuous fluidized bed bioreactor. Source materials are also referred to
as het erogenous |iquids. The heterogeneous 15 |liquids can be highly
het er ogenous, neaning that the |iquid gQnt ains very many different kinds
of nolecul es, or the heterogeneous liquird may only conprise nore than one
nol ecul e, such as a liquid taken at a late step in the purification
process. CCD methods and devi ces can provide a single pass operation in
}Nhi gh desikr e(ziopfe_@i'ﬂﬁﬂ ﬁwls,aﬁeddaﬂg inﬁ}o&ﬂr t&ﬂe@ﬂpe@ﬂiwﬁeimam'?lg Iseuabial eut oMt @i Ni ng.
eed-stock . ut t.he pee r separate clarification oncentration
and i1 el pur e beSiing e 7 Pl GRRRkE Batish bt Qb PGB or ce
par anet ers al | owmggef @slecnled fish aliecied ulisgd sniabie Hulfer @oditense fbr eparnld, ellees,
provi di ng an ingr.eas voi.d vol fraction in...the be i.ch allows for
unhi nder ed pass@&%ﬂcggg?feeﬁnIﬂée,pa%f-f\#?%&lgﬁ??oébeg%ﬁe H@P’cmﬁsﬁgﬂd\@%lbﬁﬁ%rs during
application bBf cmditien fsebahgedsd thet thotaganmol2hileGr ud@seduingt te iaflsobentf eed, a
hi ghly het er ogen iUl i | . get
nol ecul es are b%lgtg%lf'%tp %)ljuggdegigdésngerr%@gteiugﬁipﬁl%e'ctgfﬁﬁ e@%ﬁ?’g;&m@@% t%rg;gt
particul at es ansoleoiy davreagitis qoassiatibn, aleglied, phitlyderibel, aAhyeatinfget nol ecul e
can be trapped j e t . i {ng different
adsor bant or ab@@?%&ﬁ?%ﬁ’%{&gﬁ%rséﬁv@lg‘g@%%&%‘ﬁ%@%@ %r?%ﬁﬁﬁe%gu@%s 8 May 2006
WO 03/ 039702 PCht ¢&dBGRit8H4 8 Bargt8mplesiedioal 2 gl I:feragedebusdigbidicempmisthgot her t ype
of particul age r i d. o h - USH Fauid flow
~Different pg{r) an@télgsahgalrd%mﬂf%%\rqﬁﬁeggdmt%bg%ggn?%{ég%gﬁqﬁg:%@g%sgﬁggt nol ecul es
fromthe bed usinderiaiby the blmmaiioh pEthe vestod ifarées pefing Bo theendsonyshiamateria  di st ance

bet ween the parfm%gggﬂés%a{gﬁa&ﬁg?@rm@&soﬁ%@qx@é ool GlASFcoRRd the buffer

5 condition is change e target no e Is released fromthe
adsorbent  mat epdterdalsgin fhe hetpregenaysdiquid tepass thiopshethebad: clpiingdke adsoede| yent

-contains the tapgal o BRlEEsh Ghe hMGHERSERer f‘mfdo&ﬁﬁ & Ofhteq Ghrg:i T ed,
partly purifi ed,I%anIgoreéedy ore furt&ﬁer p&rl icat%rﬁﬁaﬁﬁf ngcesgélry. Thus the
present i nvéht i Belequlsnp The adsoryedriargeh apolecule can be eluted from the adsorbent .

material while the adsorbent material is within the chamber or chambers of the

CCD or is eluted from the adéorbent material after the adsorbent material is
outside the CCD.

CCD methods, devices and compositions comprise ion exclusion

20  chromatography methods and materials. In ion exclusion, mobile ions with like

charge cannot penetrate the bead, which carries a fixed charge. Highly charged

species are excluded from the intraparticle volume and elute sooner. In normal

phase partition, the sample is distributed between the intraparticle (bound) water

and a less polar mobile phase. By choosing an appropriate buffer, column or bed

25  selectivity can be fine-funed for a particular compound. Nonpolar compounds are

" retained more strongly than polar compounds. In reversed phase partition, the

sample molecules are distributed between a polar, usually aqueous, mobile phase

and a nonpolar (aromatic) resin backbone. The more hydrophobic molecules elute

later than less hydrophobic ones. Ligand exchange and size exclusion can also be




for concentrating a target nolecule froma highly heterogeneous |iquid
conprising 10 addi ng an adsorbent material to a CCD chanber, g stagpeosli ng t he
adsorbent material by the summati on of the vector forces acting on the
adsorbent. material, formng a chromatography bed that adsorbs the target
mol ecul e VEAB/®PI%ws other materials in the heterogendfdTNHHY t o pass

t hrough the bed, eluting the adsorbed target nolecule fromthe adsorbent
material and collecting the eluted target 15 nol ecul e. The adsorbed target
nol ecul e can be eluted fromthe adsorbent material while the adsorbent
material is wthin the chanber or chanbers of the CCD or is eluted from
the adsorbent material after the adsorbent material is outside the CCD.

-~ CCD net hods, devices and conpositions conprise ion exclusion 20
- chromat ogr aphy wed. hadsizastinRhembRtutes thd lrganto epepditai the effentibé perei ons wit h

| i ke charge cannaot pepetrate the head ich.carries.a fixe har ge.

Hi ghly charged SUUfi¥g ng‘e I AR RDRIR He}fc}ugw{lf%étqe r]ﬁ:t?agaﬁgcfkf ‘l’of(I: e volgume and

el ute sooner. |methsas nBd coppaiienpaf thet present intratienopheist 3 wetbéd fhut ed bet ween
the intraparticle (boun wat er ..and a.less pol ar bi | By choosi ng
an appropri at e T4 gfm%%ﬁlﬁn‘f?r@?“%gonfglg35&3???@?@@%’3“%@%@%&tuned for a
particul ar c®npaemistr of\o CEDI ihg canmsiintoapisingrpettalen edl mwliag whtretongl y t han

pol ar conpounds, |In reversed.. L : geul es are

di stributed bet RREHPLHE, ogp?m‘g%%a?ﬁ%?r%@ga%t%%g@?t a%%%%%%ﬁ%ggmgn a nonpol ar
(aromati c) resiadackiymsidon dredmsospivy dqopsiebéreattwl isgetwgonsient® | ater t han

| ess hydrophobic.qnes. |] .Slze LS fl so be 8 May
2006 WD 03/ osw@ﬂ%ﬁ?fé@%@%@?’%@ %}g%?%ﬁ%é@%&ﬁ%i%%m ecul es too
| arge to penet ratngriseliempfsitiont dfwedip or whichsthe axgetumaecske it rpsbeuad pyithar e

physical ly cly f ' (el : gs and
conposition ofpaﬂﬁfe%s'pél%g{)a%{}%}t%%fﬁ?%nﬁl%:ﬂgjﬁﬁa:&%ggg&ﬁggﬁ%gs Egﬁrmsepar ating

nol ecul es, conpriisg peres fhet mierfop amalfos tihenteizet gleaieaioj entrar o WBIISKi t hin a 5

chamber of 3 OCoialadnEARRAR obhHRS o RisRAd: bihoRA hhhSfnAtt i8I 3, wher el n

the conposition of pdrticles co IS particles that are suitable for ion
excl usion and dideésccibatiedingt oelegtle prsels. anddp mish i seethof.gbe tagetmoliculer eat e an

ionic environ neéi'l}tesi f#dm the CCD at a later time than if the target molecule had flowed directly
15 throughthobed.

Ton exchange chromatogiaphy in a CCD can comprisel particles
such as UNOsphere § strong cation exchange media, made by BioRad. These
particles are hydrophilic, spherical polymeric beads designed for the separation of
proteins, nucleic acids, viruses, plasmids and other macromolecules. The bead_s

20  are provided in 100mM NaCl in 20% ethanol as a 50% (v/v) sturry. The beads are
added to the media stream entering the CCD and the bed, made from the beads, is
formed within the CCD. Determining the oﬁﬁmal flow rate and bed size is well
within the skill of those skilled in the art and is determined by the target molecule
to be isolated or separated. The liquid containing the target molecule is added to

25  the CCD in the appropriate buffering conditions and flowed through until the
target molecule is either bound to the beads or excluded from the beads. The
target molecule is then eluted directly from the CCD bed if excluded, or the target
molecule is eluted from the CCD bed with the appropriately buffered media.




which a target nolecule is bound by the particles. Alternatively, the

met hods conprise conpositions of media in which the target g®iRcigog is not
bound by the 10 particles. In another alternative, the nmethods conprise
conpositions of particles having pores that are too snall for the target

mol ecul e WRO¥RP®2. |1 n another alternative, the net hodBCHBHBEFNE
conpositions of particles having pores that are sized so that the target

mol ecul e enters, and in such a nethod, the target nolecule elutes fromthe
CCD at a later time than if the target gplecule had flowed directly 15

t hrough the bed. Ion exchange chronmat ography in a CCD can conprise
particles such as UNGsphere S strong cation exchange nedi a, nade by

Bi oRad. These particles are hydrophilic, spherical polyneric beads

desi gned for the separatAlbnbulifers pémheilySysed U] @hibn ai Cifion Vdxehiags, pl asmi ds

and ot her macronpl ecul es. The . beads .20 e provided jn 100mM NaCl in 20%

et hanol as a 50&??19%0 pg}' fiF sy w’ftﬁgmﬁ%ﬁ‘gﬁa&g‘gbea&édﬂ‘iﬁm{‘@sf SHEHS stream

entering the CClventint Aevabieglof tufifthe chit Bamused én diffatlg stepss depbidingal twd t hi n t he
within the

CCD. Determnin he timal flow rate .and bed size.is I

skill of those g%&’ﬁ"é it?\rg%r%flaﬁlr% aﬁ%%ei}ée{éﬁoé?lg?%ﬁ%@ IBQVhE\%ﬁéfle[ Bkt nol ecul e
to be isol at2d wolegdpafamdd Thdhe dfibyfiérthg Gonstiit hivadghet dame tlmrgeds thol ecul e i s
added to 25_the?]ggag' ' feri ndi tions and fl owed

t hrough until the t g:%%lp %ﬁnqi%g%ﬁ%&%?%eq%%e@ﬁB%u‘ﬁcgq?%gﬁe%%%s%se’aggr or excl uded
from the beads. exagle, phosgjete iond edith| extivs sxthengeebeadseahdd Trie eithyarfiorom t he CCD
bed if excl uded t j E . bed with

t he appropri at eTxfﬁ)%gﬁkg?Ségﬁ%e%&ibg@ g%gg%%ée%h%%? %%8%%&&‘%%802/ 36497 20
Al buffers consrish FEPES dastid asid, MESOMOBS, wasphagn FBEShpimgis acid FESmatdogr aphy ar e
used with t{® |i@p.eXChangde blagﬁg?% iT?':gt[ RRds: Ofmil-0€; ’pggﬁgngis_mgventw on. A

variety of buffers can be us ) ering steps, depending on the nature
of the target ndifthanglamingn qdiethdanieg, e rlobjgiinou s ihifaroled pwwidiahi ctiicinhe target 5

mol ecul e i's fouggmanbliind R Biis, PGE i@ teRE chPHSrefl@hte ﬁasﬁigfwﬁﬁgﬂ charge as
u

the functi onab;@gr oup on the ion exchange beads w |1l produce the best
results. For irpiuees of il dbNale This mashipgrpmevas evsritdyedyadigetetipbads and Tri s
Wi th anion exchange bea@ghoaCabnpiing ReEtQr 5%@%&1@&,_@;1@ oargudaot limted
to, acetic PSCI dr’equ%.!etc(rn‘!npclex eluents for effective separations. These mechanisms work on the
‘ principle of modifying the compound to be analyzed uniil if is compatible with the
bed material.  Alternatively, the bed material can be modified and the
chromatogtaphic conditions are optimized to be compatible with the compound,
allowing for isocratic elution and no sample derivatization.
20 CCD applications contemplate the use of ion exchange methods.
Ion exchange chromatography is one of the most widely nsed techniques for
protein purification. Two of the most commonly used ion exchange supports ‘are
strong anion and cation exchangers. Strong anion exchangers, with quaternary
amine functional groups are used for purifying acidic and neuiral proteins and
25  peptides. Strong cation exchangers, with sulfonate functional groups, are used for
purifying basic and neufral proteins and peptides. Any type of support materjal
that can be used in the CCD device that can bear these and other jonic finctional
groups are contemplated by the present invention.

CCD BED MATERIALS




acid, HEPES, lactic acid, MES, MOPS, phosphate, PIPES, pivalic acid, TES,
and 10 tricine. Anionic buffers include, but are not |imtedhny2Bosi ne,
bis-Tris, diethanolam ne, diethylamne, L-histidine, imdazole, pyridine,
tricine, triethanolamne and Tris. The ion beads can be regenerated by
washi ng WOR/BH2 ped vol umes of 1-2 M NaCl. This washPEHUSREeAIES

reversi bly bound material. Methods conprising reversed phase and ion-paring
on silica 15 require conplex eluents for effective separations. These
mechani sms work on the principle of i fying the compound to be anal yzed
until it is conpatible with the bed material. Alternatively, the bed
material can be nodified and the chromatographic conditions are optim zed
to be conpatible with the conpound, allowing for isocratic elution and no
sanpl e derivatizati Gihe t}e CORE apjetidlCrEinh,Otesd, Cllndferfidhadre intehangssblof | on

exchange net hods. on _excha romat o hy 1.s. one of th st wdely
used techni quesf%f’?ﬁ‘ga Foe ‘?Hrﬁ%f‘ﬁ(ﬁ]?’%%gﬂfﬂ%ﬁ%wdﬁb?#gmﬁ% %dtatgagsgf%bnl y used

i on exchange suppbby sheackemical naurg ofirtho mrgehdokailesonr enghardgeand .thdSt r ong ani on
exchangers, wth,quaternary .anine functio roups. are used for purifying
aci di ¢ and neut f‘oélﬁmﬁsr%tw |°¥%§1€§ar‘i%? BEREDE 1% @%ﬁ?’%‘é’ﬁgsesc"gffw igtg?lmseoi%baeanger s, with
sul fonate f ubct orospainglyr vl Solutdy @mpewds fre profapabiy seyaratg doasiecedpigsaneut r al .
proteins and Peplyduas Ao RSl sHHNPQTkoolIB Gich 3k pughihcofi@latf Used 11

t he CCD device can hese "a er-ronic nctional  groups are
cont enpl at ed byshbtiehgn esgenit acids @a prafamabhyCEParBED oNMEER) AtcBarg@e Msns2006 WO

03/ 039702 PCT/ 36497 . of. b i gl i B; d, all of
whi ch are inteﬁ?ﬁ%éleg%é% g&&gﬂgﬁg@{@ﬁ%ﬁ Baélrgéja e F\elﬁnﬁikhhse %%Dﬁlr%{%ﬁgds and
devices will bemdbodsrmined at least in part by the chemical nature of the
target ”D!efy'es or _conpgu uﬂPQMhﬁﬁgaﬁﬂ'H£!96ﬁ h%?&ﬂ'%Bﬁ&Qemh?rget

nol ecul e is found. Certain classes of water insoluble 5 or sparingly water
sol ubl e conpounewpasitony it thet ki psedution chroadtogmphyeypnoss dughasswallgar ti cl e
beds, whi | e Ot Nl flaS Akith! 6 COIRAIISSHG oAiSHERBRse BlAORO! s and
short chain organic acids are preferably separated on the ion exchange
resins. M ddl ecorggngenak enberirs|beqaysecad wsoladkoe sayity pckiag patha CE®- witeh sever al

B di fferent density of the resin, beads or support materials can be lower than standard column

15  bed materials. The input fluids or stock or fermentation broths, which contain the

target molecule in impure form can be more viscous that is practical in standard

column separations becanse:the density of the bed in the CCD can be so carefully
controlled and fine-tuned by rotation and other force parameters. The higher
viscosity capabiiities allows for less dilution of starting materials and may also
20  prevent preprocessing steps such as filtration. Fluid flow is limited by the rate of
ébsorption, not by physical bed considerations such a minimum fluidization
velocities, leading to shorierloading time.
The CCD methods, compositions and devices can be used to
separate any biomaterial or inorgenic materials that can separated by
25 chromatographical methods. For example, CCD can be used for the analysis of
proteins, carbohydrates, alcohols and organic acids in food and beverages,
biochemical, biomedical and biotechnology applications. The parameters- for
separation will be different for the differing target molecules, the starting material
and the degree of purification nesded. In currently used chromatography, to




met hods. 10 A particul ar advantage of the CCD net hods, devices and
conpositions is that high resolution chronmatography supporthwﬁbeO@s
smal l er dianeter beads, resins or; gels can be used in additionh to those
used in conventional colums because of the lack of gravity packing in the
ccD. The YBEHEPTY of the resin, beads or support nater?gpgﬁéﬁﬂwﬁe | over
than standard colum 15 bed materials. The input fluids or stock or
fermentation broths, which contain the target nolecule in inpure formcan
be more viscous that is practical in st@gndard colunmn separations because
the density of the bed in the CCD can be so carefully controlled and
fine-tuned by rotation and other force paraneters. The higher viscosity
capabilities allows for less dilution of starting materials and may al so 20
prevent prepr oceshsve ghes high shroupbpot asquired tor atdisainl apptichtibng loDwdsbiptidd mi t ed by

the rate of ab n avsi cal bed.considerations such a m ni num
fluidization vgﬁég%%gg%% ?%gﬁ%ﬁéﬁ%% %‘%r?%rgﬁbggwﬁgmﬁih%.“*ﬁﬁ%tCD nmet hods,
conposi ti ons anpurifsstiop excle hnt Withouistbelbdads bedmpparrit @unof/hb caat. eTheal or

i norgani c materj hr. raphi c met hods.
For exanpl e, CI%?%%ﬁ&Egkﬁs@gm$§$ﬁ%ﬁ%§g%g¥fgﬁgp%?ugg%%%ﬁﬁégr8%}o%hydrates,
al cohol s and> or yitkAutlogsif éhs bpadsf ood and beverages, biochenical, bionedical
and bi ot echnol ogy appl i CRtiaRs Iggﬁﬂ$;@%£g f e j wll be
different for the differing_taﬁget nol ec Ié%@iaeégéﬁgﬁ?gﬁggﬁgﬁﬂ%iaI and
the degree of phrmategsaphy narfielesi@nt least engrghamiver yin astsaiiftgrlolome digllaphy, to 8
Vey 2006 VIO 03 09402 BSR4 2cR G ENE  Hie: il oo RTPU!

required in industrial apg*ications of adsorption ¢ aphy, flow
vel oci ti es nustoepfugaighros Rled anghidereinnaigeaviatiog & coptbutsitete icpitantycl e but
wi t hout thejpeagsoPhddatim! & A fQlk Rfingt BE 1EOhdtites, F{E@mindﬁé ifgResand

operational parapeters of the CCD permt efficient flow contro 5 wi.t hout
| oss of the beadbstanpallydmmebilirefhe pagislenby hesummetipnefithesttarfones actingonpr i si ng,

suspendi ng  chr QiTak QaRieR) Yand Fodiyl £ ShrbiRat@draph@ 384, 1AMG: GNRRRGLCLR 2
centrifugal forgce field, wherein a continuous f|OM/O% a JLgUId acts to
create a force Wdcqqmalﬂ%tgg tapgeiomolecule, separating the heterogeneous liquid by the

actions of the chromatography bed; and retaining the separated portion of the

=]

15 heterogeneous liquid comprising the target molecule. This method comprises
using any known chromatography particles, including, but not limited to,
chromatography particles that are adsorbent, size exclusion, affinity, absorbent,
polar, nonpolar, cationic, anionic, ligand exchange, hydrophobic, hydrophilic, and
ion-pairing, and others known to those of skill in the art. The actions of the

20  chromatography bed are from the interaction or noninteraction of the particles
with the components of the heterogeneous liquid and buffers that are used during
‘the chromatography run of the CCD. The actions of the chromatography bed are
to separate or fractionate the heterogeneous liquid in one or more ways, with the
target molecule found in at least one of the fractions, |

25 PARTICLES

The CCD bed material can be of ail types‘ of resins or materials for
the separation methods of the present invention. Additionally, the CCD can use
novel combinations of different beads or novel combinations of functional groups

or ligands on the same bead. The particles can be, but are not limited to, very




centrifugal force filed and wherein a gravitational force contributes to
the resultant 10 vector sunmmation of all forces acting on thpwgﬁqbbgles,
wherein the forces substantially inmobilize the particles by the sunmation
of the vector forces acting on the particles, and fornllg a chromat ogr aphy
bed, addi¥8 ¥ *#Eer ogeneous 1iquid conprising the tarfetUBPET) e,
separating the heterogeneous liquid by the actions of the chromatography
bed; and retaining the separated portion of the 15 heterogeneous liquid
conprising the target nolecule. This nmgghod conprises using any known
chromat ography particles, including, but not limted to, chronatography
particles that are adsorbent,, size exclusion, affinity, absorbent, polar,
nonpol ar, cationic, anionic, |ligand exchange, hydrophobic, hydrophilic, and
i on-pai ring, angbrahensopmonn slightly powes, ofonpdrdds] hiydrohiie, dydrophdbie, acti ons of
the 20 chromat ng; F ction of the
particles Mﬁtgﬂ £H%QH@h§dE%§HH%QE%%? dg%%%%@?8||q gﬂk@& buf fers that
are used dur|n@w,hﬁem@hndmawégn@bﬂy&HHMMEn%mhemﬁﬁﬁmmﬂhuma@@sdﬂ@ of the

chr omat ogr aphy a 5ﬁ&§ t neous liquid
in one or nore @gpbﬁﬁﬁﬁ %Bwﬁgpﬁﬁa%ﬁgﬁiﬁ%aagél o%mg ?ﬁggfﬁfgggt one of the
fractions. 2% Pl k@ﬁﬁ@iﬁﬁwnﬁﬁﬁwmeumﬂncemwaﬂs@&ﬁmbE&@ﬂMaMKm@@mﬁs of resins
or materials fqﬁ %%E separation methods of the present invention.

Addi tionally, the can use novel conbinations of different beads or
novel conbinations of f uhewimemmd vsed wefpdal iprealose & mederiahprevee ISHPRE bead. The
particles can_bgy fubaihiel 88 ctkdnfBidafbhyt One }ﬁgérypoﬁ)ug@&ﬁc%Q@mMgQ@/ 039702

PCT/ US02/ 36497 23 porous, nmacroporous, slightly porous, nonporous,

hydr ophi | i ¢, hyd#s i egaTost jmghicss copaltinge dgood| blg‘iwg faft‘?FFB?Sggﬂ 128 char ge,
rigid, or sygl | Bditcles, m R didiss Kfih GBA chddfoal mtm@hﬁndapstab lir tigd to,

plastlcs nmet hacr Ia strong ani on exchangers_with high_ binding

capacity, |ow RS E%F@?“mEE%FPW@gﬁcﬁﬁﬂﬁﬁ”éﬁéﬁgﬁﬁ@Ighﬁ%FFlcIes hi gh

S strong cati OQﬂQMBﬂMﬁoﬁr&h@fﬂaﬁh&s a@movive ViRl PRéLQhEERRARYMe NBterials.
A comonly used material_is a ose, naterlal proven to r wel | for
i ndustri al scaH33%H48Wﬁ@HgWEﬁ%V1°$h8‘ B P8 el chrgptograpigs ene highly

agarose beads may be smaller or larger or different in amount of cross-linking

15 from standard beads. These changes or no changes are contemplated for all
structural materials in the bed materials. Modified agarose matrices may be less
brittle than inorganic material such as some glass or ceramic materials.

Particles made only of organic material have limited density and
would need to have very large diameters for conventional chromatography

20  considerations such as high sedimentation velocity required. ‘Such large particle
diameters result in long diffusional path lengths, which cause considerable mass
transfer resistance, counteracting productivity. Unlike conventional
chromatography, CCD devices, methods and compositions can employ these
larger organic materials.  Additionally, the present invention comprises a

25  composite particle containing an inert core material that is denser than organic
materials. Such particles can be desipned so that their density is high at a
reasonable particle size.

Particle polydispersity. in bed material is also contemplated by the
present invention. The size and density gradients position the beads at specific




cross-1inked agarose matrices conbi nes good binding capacities for large 10
nol ecul es, such as proteins, wth high chem cal and mechani caiMagtrgbs!ity.

H gh nmechanical stability is an inportant property of a matrix to be used
to reduce the effects of attrition when particles are nmoving freely

Because tWO'¥8¥¥n of the CCD allows for considerati oﬁngHﬁqu%é“Pént from

col um chromat ography, the agarose beads nmay be smaller or |arger or
different in anount of cross-linking 15 from standard beads. These changes
or no changes are contenplated for all ggtructural materials in the bed
materials. Mddified agarose matrices may be less brittle than inorganic
mat eri al such as sone glass or ceramc nmaterials. Particles nade only of
organic material have limted density and would need to have very | arge

di ameters for cderstions iWithehe CEPohatryr dhbypmalR liphies paticlat merso sueh as hi gh
sedi nentation v rf di.aneters result in

I ong diffusi onaﬁogg%nﬁ}{d Eehﬁ rt %gamﬁégﬁgggﬁégﬁlc%%gﬁ%%rg%ly%wﬁrﬁ 28 ansf er

resi stance, courth@gckistiong C?Ht@mﬁtﬁdibbn thy pretimt inkentionn Bzt deosity) binding

chromat ogr aphy, V, S can.e t hese

| arger organic r?a%;g;l?ég g}&ﬁscidud?(?% g%%r F@B& %Mﬂ(fi)g{s%%e? I r?{/eean¥e’|wggr¥t§orrprl ses a
25 conposi t e Sparradecyagety 6h eambinations 4 Cpmmntmt&:mdéaqmﬁ thai &b ukddat ACD denser t han
organi ¢ materi §efodsaHEvRay ti cl es can be designed so that their density is
high at .a reasgnable particle size. Particle polydispersity. in bed
material is al sGEEEAE @¥ by the present invention. The size and

~density gradients positipg s 9 Abng BRIl i Moo YOS 030702

PCT/ US02/ 36497 24 | ocations with he "sna 9i ghter.
particles move 6Poffet gﬂi’@th’E’lGﬁDaﬁ’ﬁ ?hﬁ@@%ﬁﬂ@epf Hl@awl@fmm@tlﬂqyides to a

different one. Bebéispey PRC) nmeyccmﬁ&ﬁdag%aﬁe' Gmbf ©ABLENGR ated by the
present invention, Size  density, binding _capabil 1ties, exclusion pore

si zes, support FEUSPRAPD Gropngs. e'hﬁ’é%‘% exchangs sizg\fxeJpsiqnn geversed phasayandi ety of
conbi nati ons of nﬁﬁﬁm:lise@irﬁtmaﬂié dnaciiy THRRtmMgle H&REof iftedleddn off§t hods and

devi ces. HPLC APPI_I CA ﬂ% Sep E(?n?%%dsl nT\,{lgnltl on cﬂcl)rrprl ses net hods and
conposi tions f of D charge on the resin provides
capablhty of ion exclusion, while the resin material, such as polystyrene
15 backbone, allows hydrophobic interaction to take place. The extent of the
inferactions depends on the compounds being analyzed and the degree of
selectivity required. |
Reversed phase and ion pairing HPLC techniques require complex
eluent conditions for effective separations. These methods work on the principle
20  of modifying the compound to be analyzed nntil it is compatible with the bed.
Additionally, with resin-based HPLC-like CCD beds, instead of modifying -the
compound to be analyzed, the bed material is modified and rotation and other
force parameters are optimized to be compatible with the compound structure.
Resin-based beds allow for the use of an isocratic HPLC system, simplifying
25 sample preparation methods and require no sample derivatization. This shortens
sample preparation time, -and reduces total analysis time. Filtration may be the
only preprocessing step necessary.
'AFFINITY CHROMATOGRAPHY -




CCD that give the CCD the characteristics of high performance liquid 10
chromat ography (HPLC). The CCD net hods include, anong ot her sg Ma912006

excl usion, ion exchange,|igand, exchange size exclusion, reversed phase and
nor mal ph rtitioning, and affinity. These nultiple nodes of '

i nteract i‘gﬁg%%?@ﬁ a unique ability to separate conpoubd¥YS'%¥A¥Tharge on
the resin provides the capability of ion exclusion, while the resin

mat erial, such as pol ystyrene 15 backbone, allows hydrophobic interaction
to take place. The extent of the intergctions depends on the conpounds

bei ng anal yzed and the degree of selectivity required. Reversed phase and
ion pairing HPLC techni ques require conplex eluent conditions for
effective separations. These nethods work on the principle 20 of nodifying
t he conpound to be anal yxaditugirdnhategraphysis basep et the kkiliiyi of khetpasicleeth.
Additionally, w LB iR ' | s f di fying the
conpound to bewgﬂrﬁgjltad ?Z%)?ﬁlﬁﬁg?ggg{%cﬁﬁﬁg@%' %Og%ﬁnllepge ’%ﬁ%%rag na‘%’rtli)on and
other force pafarasioasl sutihedienistonpiof & major pplicyivpati diramaigtaphst &rd conpound

structure. Res¢cophaapek Qﬂ%ﬂ?hélﬂﬁ% fc&flpﬁdqg' ‘f)lél’lr:]’fggtioﬂfof %Huﬂoﬁl% 2% d?ngHPL C system

sinplifying 25 sanple preparation_nethods _require no sar#p
deri vati zat i On. POpiosal arpensplanal antivpdies. indiperostions Ho regiows and fegmrestiuces tot al
anal ysi s U1 me. df dubcteh OmanBnie hBonOn bl SOLACKSSHNG Shefyhecessary.
AFFI NI TY CHROVATOGRAPHY 8 May 2006 | 03/ 039702 PCT1US02136 25 Affinity
chr omat ogr aphy FETEESEIGRs Piparifiyeriow glges oftimprogiobding sForexamie bed t o
speci fi cal 1y bihiclel @utifly ORkoidT @6 UkSiin TP URNT & COB bda' G N Of
monocl onal antibodies is one of the major applications of chromatography
and CCD met hod SRR compsmg Jht taress malgeples, caatibodiss.of peseeil bodi es,

i ncl udi ng 5i(pol tGhiad bedN theBRRE hoRaTe ﬁ'ﬁbﬁn@%? iR rothth Db aR Wik ONS, Fe
regions and fra anti bodjes, and antibody receptors. Protein A and

ment s 0£ >
Protein G cont arHFHal = e petrrpeencous, Fignidreassbrongh thebedt Pikerreeapinsbesedsses of
i mrunogl obul i Nshed meEriAyANPd ®ed to Pdlatd sdcRS of AMIAEs FrAlikiaRs A or Protein G are
used in a CCD bed and the heter eoys liqujid comrising the target
mol ecul es, anti bodi es, P\.g eﬁggé%%to(g&gme&ods to?solate partiglPlar monoclonals is g
provided. A first CCD comprising a bed material of DEAE beads with Cibacron

15  blue F3GA dye , a mixed mode anion exchange/dye ligand, is used, which feeds

directly into a CHT-1 ceramic hydroxyapatite chromatography bed in a second
CCD or conventional column. The DEAE-blue resin is a bifunctional affinity gel |
containing Cibacron blue F3GA dye covalently attached to DEAE agarose. The
dye binds albumin and the DEAE group binds the remaining acidic proteins, This
20  offers an aliemative separation to Protein A or G binding separation. The
combined dye and DEAE material can bind all IgG subclasses, uses mild elution
conditions and provides complete removal of all proteases. Under appropriate
conditions, the antibody is eluted and thg albumin is retained. The hydroxyapatite
step further purifies the antibody. The CHT-I bed is useful when the pI of the
25 antibody is close enough to the pl of albumin to cause problems with ion
exchange. In addition, the of CHT-I could allow different idiotypes of the
monoclonals to be separated. :
Another purification method comprises use of a strong cation

exchange material for the bed material. At a pH of 4.5 to 5, albumin is negatively




10 through the bed. The target nolecule is bound by the Protein A or G and
other materials in the heterogeneous |iquid pass through thenhedooét her
receptor-based bed nmaterials can be used to isolate species or subcl asses
of anti baqdi es An exanpl e of CCD nethods to isolate partl cul ar nmonocl onal s
is proviRPON%; r st cCD conprising a bed material of PEREAE2BUHs with

Ci bacron 15 blue F3GA dye , a m xed node ani on exchange/dye ligand, is
used, which feeds directly into a CHT-1 ceram c hydroxyapatite

chr omat ography bed in a second CCD orggonventional colum. The DEAF-bl ue
resin is a bifunctional affinity gel containing C bacron blue F3GA dye
covalently attached to DEAE agarose. The dye binds al bum n and t he DEAF
group binds the remaining acidic proteins. This 20 offers an alternative
separation to Pehetged andrdess n@ tiyidn dihegnitedn iapdsitively Thneged @otidsipibshddye and DEAE
e s oo} eifasth lod BUFuARE, (1R8BS0 R dhe 41 LA cuiiBdild o0, 2nC
provides conplete renova app pri are condl tions,

t he anti body i sthelapiibedy rrdtaintde élISb:!nim whiogder grediém egh beTlh;ed hyartoxheapat i t e

step finther puarﬂngg,doys the anti body. The CHT-1 bed is useful when the pl of
the 25 antibody i1s Close enough to the pl of albumn to cause problens with
ion exchang®. |n additi4nsther perifisatiogHmethod somptised ewokiaf wak emioni di ot ypes of
the —rmonocl onal gufdghe 8apas abEds MUART il | diikAki QiR hoflpGopr i ses use

of a strong cation exchange material for th terial t a pHof 4.5

to 5, albunin |@n%g%?h%|hﬁwlmﬁhez§fﬁaenmné3mﬁsﬁézstp@]ﬁU@@DEéB@? 26

charged and doesga. n%o@hﬁﬂmo&ibﬁlxﬁﬁﬁh@ﬁihér 'ﬂﬁs@&ﬁlﬁﬁnbﬁeﬁnﬁ ARS8 G Qt this pH
and binds to the_ bed_naterial. The albumn is flushed out of the CCD

chanber and t HERIiGRE | BiSEyS siensiverliforatwg desaribingivelvanion eehades f@?‘h@?ﬂént can be
used to el ute tf&eanuemeisbaﬂw}n %riﬁﬂ%%%%hca‘ﬁ%s‘tff't&ﬁéin@cﬂow bed senbRr i ses use of

a weak anion g]%% suc weak anjon exchange material. Mst

i munogl obul i ns'@'11 sWith, stpderd ghugmatgeraphy dgyiees shegs @fdispdvantage igsed for t he

DEAE " bed. Mbstusing i ogliofan lekdbsngel Bk 18n@e rehbigis@t GRNGLE eqiraRd €l ute early

in a radient. There,is extensjv iterature descri bing weak ani on
exch ang e condi t¥! lélﬁJgs when changing p. %’he CCD can change the distance getween

particles by easily changing fhe rotation and other force parameters and thus

15  allows for less buffer and time in equilibration.

Methods such as these, especially use of the blue dye affinity
material which can differentiate between albumin and other proteins, can be used
to separate and purify serum and plasma proteins such as complement,
fetoprotein, macroglobulin, thyromedin, gelsolin and albumin. Enzymes can also

20 be purified, including, but not limited to, kinases, dehydrogenases and other
nucleotide-dependent enzymes. Enzyme substrate affinity beads are also
contemplated by the present invention. Biospeciﬁcr affintty materials are used in
the CCD to specifically select for target molecules. _

Another selective binding material for affinity chromatography

25 uses boronate-derivatized bed materials. The boronate-derivatized materials can
be made from any material used in making chromatography beads, resins or gels,

~ such as polyacrylamide, and can be used with materials that are not currently nsed
because the CCD bed materials comprise different structural concerns for
materials. These boronate-derivatized bed materials are used for highly efficient




10 for antibodies, allow ng for many applications of those nmethods to CCD
devices and nethods. Wth standard chromatography devices t8gf# 20862
di sadvantage in using the weak ion exchanger due to the requirenment for
| ar ge equj}.i ion volunes when changing pH The CCD_can change the
distanceq%épgég;zbed particles by easily changing theP?ﬁyﬂ¥Fﬁﬁ9and ot her
force paranmeters and thus 15 allows for |less buffer and tine in
equi libration. Methods such as these, especially use of the blue dye
affinity material which can differentpagte between al bum n and ot her
proteins, can be used to separate and purify serum and plasna proteins
such as conplenent, fetoprotein, macroglobulin, thyronmedin, gelsolin and
al bum n. Enzynes can al so 20 be purified,. including, but not limted to,
ki nases, dehydr Fganipacs sephdovo tiesular waightcompelwdsizsyacldeides, auskegsidss, Enzyne
substrate affinityhemds a{desugdréommg&a%@h&ﬁ%&e% t}ateﬁﬁ;?ﬁa@tad nvention.
'S ed in the I

Bi ospecific affinity materials are used In to specifically select
~.for target nol e¥fnissior adinsenh elp hyiepderdup éeinfipla) ang coreseparatedlostly relatddf i ni ty
chromat ogr aphy g 2Gedhies 2 RO R %bﬂem.atﬂ/.[@tﬁ&hs %d@@&;ﬁfaﬁﬁl SF cisl &6l

boronate-derivatized materials can be nmade fromany nmaterial used in

maki ng chr onit oPRRE BEaeEds Jghys sxtowie, wadise and gdepsiediaroimg aeatierani de, and

can be used W t i RiREd @npotdddbre BbEanAE ted ldirkinht ¥erHRiedpenBie cHag t he CCD bed
materials conprise different, structural caoncerns for materials. These

boronat e- der i vatl{#Bd & SHeHision jcall alsey e coraldepds with pifighy. \byaring @ kadt 8 May 2006

VO 03/ 039702 PGREKSIRAZEHIFead &oRBBRSatthrcRP odbp s iinaiMiBbecul ar wei ght
conmpounds as nucl eot i dez(il .nycl eqsi des, _catecholam nes_and sugars. The

e [
bor onat e- deri vati zed bedBfafwly Sesignerbradsyfped gpeferiplek Spnralip badpedciant ci s
hydroxyl group spedifically edle} fanddrisin e RRlakle:. C Bas @laerfie iat etbw $qeci es such a

AMP and cyclic AMP. ggﬁ{g}t{]ods h’ir‘]d ude separatjon of cis-diol 5 containing
conmpounds” such HEVESHPUIH LOUPHRE 1 PR %fo‘é*‘%sq’ﬂ‘?edf%“m?ﬁdﬂaée“%@ieher. Al of
t hese conpoundsoatempibeding thipredetitcinventivn f Bfii@gBhilinkickd BS aif€liedi b Separ at e
elution. Size exclusion can also.be conbined with affinity, . using a bed
packi ng densi tfcﬁwy%égwogighl?@gﬂmﬁfg??ﬁ gt othér maethods sve %%ﬁ?q%tﬁol ecul es.
I ndi vi dual | y desidgtecbftyizhaeshyioeys slalicesnpad 6)thearboaydRestiaumt 8€ the (Fo

' 15  region of IgG. These specific antibodies can be directed to any target molecule

and can be used for one step separation methods,

Other chemical materials can be used to purify or separate
materials in CCD methods and devices. For example, chelating ion exchange
resins can be used to bind metals. An example of such a resin is a support

20  material, such as divinylbenzene copolymers, that contain paired iminiodiacetate
ions which act as chelating groups in binding polyvalent metals such as copper,
iron and other heavy metals in the presence of monoiralent cations such as sodium
and potassium. This resin has a very strong atiraction for transition metals, even -
in high concentrated salt solutions. Use of such bed materials in CCD allows for

25 egvironmental clean-up methods in addition to purification of such metals or
removal of such metals from biomaterials containing other target molecules.

The methods of the present invention comprise use of apparatus
that substantially immobilizes the particles that form the bed by use of the

summation of the vector forces acting on each pariicle. Embodiments of such




10 specifically select for certain target nolecules. Bed materials that
allow for inmmunoglobulin coupling to an agarose or other typga9f2086pport
material are contenplated by the present invention. |Imunoglobulins can be
attached ivated supports through primary am nes_or ot her methods
such as p ﬁlﬂ%%goé oxi dation of vicinal hydroxyls of tﬁ‘éTfEWQ’é?“? of the
car bohydrates found on the Fc 15 region of I1gG These specific antibodies
can be directed to any target nolecule and can be used for one step
separation nmethods. Qther chem cal materg als can be used to purify or
separate materials in CCD nethods and devices. For exanple, chelating ion
exchange resins can be used to bind netals. An exanple of such aresinis
a support 20 material, such as divinyl benzene copol yners, that contain
pai red imini odi srreRRs ehave den wistlesed aint USs Petantl Mos. nH623830p 4,82 hi 16i ndi ng
pol yval ent net ak335M9h &9 s3pPPEr, i ronand Pﬁ&?kgwcgﬁéﬁs%h% in the

0

presence of nonoval ent cati ons~such as sodi um and potassium™ This resin
has a very str oRY73i027.a8Y788W%.0ndt tH13il61, rachnef athich ieviesvrporatedhbygh

concentrated saldered HlitsUnfretyUSi@ofth oHE L %gl?%ﬁmg ‘Béé}n@ls& fof‘ceggﬁl | ows for 25

envi ronnment al. cl| ean-up_ net hods 1 n additi 5 puritication of such netals
or rermoval of urrdbilizationof partiglas, i5Phrea LT iPatert Noo A929,98 7n rep himerbeemar get

mol ecul es. The aRtdIgEmI 9J1o§1£teen9ri@§&9ﬁizéﬁ&¥|%ﬁb£x9&escgmr bidGatdiif, Qfa appar at us

that substantially i mobilizes the particles that formthe bed by use of

b
the summation YHORAREAPHE agterpls, bogaise fhejoiisct o Eayity ipagnored| eThomskpodi nents of

such 8 May 200%%-&%@%93@&18@%1%&@& ?ir%ﬁei%ﬁﬁﬁéi%h&% iR¥Sebeen
disclosed in U S. Patent Nos. 5,622, 819; 5,821,116; 6,133,019; 6,214,617,

. and U.S. Pat ereuscBentlyostis has Hyguifignisgest on fypatigleopm thipefertwilogl, and

10/ 153, 161, 1@aciicredse WithCind. S OvaC RLgP e SRl e SfEHEMEnd SuspenGedent i rety.
Though other ap arflt us haye been used for centrifuga i nmobj |i zation of

igal 5 in
particles, suchPagles casesghse partigles tosetgaly g oweptegions pf dhsiestalyeins uc cessf ul
ath long-ter mhi rideb iIiizgﬂ:Efli Erambdr, Eakdpti q?: bAlRck fsof h:ir&gam_l:n/sﬁiﬁauyang Though
chromat ogr aphi ¢_mat eri.al s hecause the effect of gravity is ignored. Thoug
M cro- or gani sns g ﬂi%lngﬁlos@s@Fep"ﬁtmﬁ . e?ﬁ_gfj’.ﬁ"tmgﬁgwe@hﬁ“?lcstlﬂt@iar mass is
~non-zero.  Conslegerepuricl wigt eistially the8snedessitg iy the Bé@nidus pheiclts vesultd fe " particl e,

and this ef ig Ctanvinm!rel:ased centrifugal effect which causes the aggregates to migrate o longer

radii, eventually clogging the liquid input port.

The apparatus used in the methods of the present invention take
advantage of the relationships inherent in (1) Stoke's Law and the theory of
counterflow centrifugation; (2) the geomeirical relationships of flow velocity and

20  centrifugal field strength; (3) Henry's Law of Gases; and, (4) the effect of
hydraulic pressure on media and particles. The methods of the present invention
comprise apparatus that are capable of forming bhromatography beds by the
immobilization of three-dimensional armays of particles, such as known
chromatographic beads and resins.

25 The theoretical basis of the process utilized by the apparatus of the
present invention utilizes a novel method to immobilize particle arrays. A proper
application of Stoke's Law in combination with provision for the effect of gravity
which also acts on the immobilized particles results in a mathematical relationship
which allows for the relative immobilization of such particles. The effect of




10 increase with time. Over longer tinme periods, the weight of the
suspended  particles causes these particles to settle to theghpyesbsregi ons
of the biocatalyst inmobilization chanber, disrupting the bal ance of

forces ially suspended themin the chanber._Furt her ‘
aggr egamﬁo%‘k%gese particles into a larger particl eP%f?sﬁ &3/‘74?7[ uaI ly the
sane density as the individual particles results in 15 an increased
centrifugal effect which causes the aggregates to mgrate to longer radii,
eventual |y clogging the liquid input pewt. The apparatus used in the

met hods of the present invention take advantage of the relationships
inherent in (1) Stoke's Law and the theory of counterflow centrifugation;
(2) the geonetrical relationships of flow velocity and 20 centrifugal field
strength; (3) HeAYiy cgn begenarfens@isd der; byemcalter(aam)fe theise off iggiongfaxishydy aul i ¢

pressur e on edig, RRTRAA 1f oy I HRLN0MRLOLA! OPMAGRE U YN 07

~conprise apparatus t at are capa orm ng c o gr aphy beds by the
i mobi |i zati on @FaﬁPmraé@ﬁdihﬁeVﬁgilC@ha‘lPﬂSa@,ay% ipfmeshrooingionsin dipddgicals known

chromat ogr aphi cceaeag%oa@%ehngee@éct oggrav'ﬁ}%nnmwl@ea &hczg;avﬁn%lvmsg e process

utilized by the apparat Us o resént 1nventi I zes novel nethod

to inmobilize phpigdde actign selghs in e Frrgpwe. Sippitisdatiecame plasy mRdich Law in

conbi nat i on Wi t boiPhe¥neiRa & Vel bile ﬁiuﬁ@ﬁ&w@lfateﬂfcéééb Eﬁé condBhifedd 18h0 acts on
the inmobilized particles results in a mathematical relationship which

al lows for the Remaiqnpga reswtind prgisle plsry prntdgmtagena peledsthe epdtapt f ect of 8
May 2006 WO 03/&'@&%&30%%%%393&4&&82&1@{1@4@y can be conpensated for by

an alternative choice of rotational axis is shown in FIG 1. If

rotation about the hori 25 shovag Eﬂse(‘ﬁ‘)"fﬂ,e @h‘ﬁléeé#hf’ Rlaneefdhedfigurs it ati on about
the vertical0 axhsx-t Blme, &S effet mwtpqgmnhd FosiRbdraGhfioe susp@iabd infaugat i on,

HED NN GENE A eI S NGNS
whi ch both thesuggied by faiGiawardly-divedidd B6wihd Siqlid qu)dis fdiemed edvateehef or ces are
coNSLT 2110010, 85kt o BTl R T e o Bl PO ™ o1
acting upon it .thédovirsvaihdiswlacbmient i e e @land-inGartadl, by\Bavietibhe fitane of the
Figure is 15 during an angular rotation of the rotor position equal to (a). Analysis of the
' motion of a particle under these constraints and for [20 X (k/a)] <R (a low mass
- particle) results in fhe determination that the motion is periodic; that is, the
particle motion results in a return to its starting place after a complete rotation of
360 degrees (after equilibrium is reached). As is shown in FIG. 2, the effect of
20 gravity on the motion of a particle otherwise immobile as a result of the opposing
- equality of the centrifugal and flow-related forces results in a decrease in radial
position in quadrants I and I, and an exacily equal radial lengthening in quadrants
I and IV. Thus, the radial distance of the particle from the axis of rotation also
exhibits a periodic motion over the course of a full rotation of 360 degrees. It
25  should be noted that, mathematically, measurement of the periodicity of motion
requires only one rotation if measurement begins at either 90 or 180 degrees
whereas two full rotations are required if measurement begins at either zero or 180
degrees, since a new equilibrium radial distance different from the original results

in the latter case.




10 the x-z plane, the effect of gravity (Fg) on the position of a particle
suspended in a radially-directed centrifugal field (Fc) V\hiﬂgg/[ag,moggact |y
equal and opposing force supplied by an inwardly-directed flowng |iquid
(Fb) is dj toward the particle, can be cal cul at t he eval uation
of equat ?%(h??/ﬁs_@%z\mﬂe (k) represents the downward di ﬁ‘g‘f’ﬂ%‘%’ 4%{ in the x-z
pl ane inparted by gravitational forces 15 during an angular rotation of the
rotor position equal to (a). Analysis of the notion of a particle under
these constraints and for [20 X (lda)] 3p R (a low mass particle) results
in the determnation that the notion is periodic; that is, the particle
notion results in areturn to its starting place after a conplete rotation
of 360 degrees (after equilibriumis reached). As is showmn in FIG 2, the
effect of 20 gravity on Theeeffecsive owptiof ofia partiche dhreugbtahenmlegoteiiomebi | e as a
result of the o j e | .0 t he LS ng . re| ated forces
results in a degéE ‘ie)e;issgﬂ?wr? ﬁra::i% %{GYOPB%ISGE tgi gﬁﬁ?tﬁ{dlasuﬁﬁaoﬂt?@gllﬂﬁ#lt% and an
exact|ly equal r nfielt is|sospendpbat labeledil apdae thamths mokiér ofdlechaitile oTdrdles t he r adi al

di stance of the t . [ - Qt at exhihifs a
periodi c noti oncﬁgggrdft% hgmfé%géasE}Q%f@aéﬂfgﬁnb%g‘t%ﬂegﬁmg%%g%g dé%%?ée&es. It 25
shoul d be nofedtowaet the rirediagrader’c sidp \f thee pastivlesneotaingt.  (Thes, pepattisthi ci ty of

motion requiregpilide ANSchRhah R Y B ARG T egﬁa@higﬁdﬁaw%idher 90 or
180 degrees whereas two full "rotations are required i f neasurenent begins
at either zero Wil begynstgieghteayiodismeten @ndtws i gficlivabrimmebiliead) Hithedi st ance
different from piigmcObf @b %ial#;@&'dﬂe&?owe‘s%aﬁ BE matn@nbLbvef 88 Sourst MY 2006 WO
03/ 039702 PCTNS02/ 36497 30 e effective notion of a particle through a
conpl ete rotati BA¥MCeycle is shown in the inset of FIG 3. If the sides of

a container1gn which thea gigfidal ep@schiitichUs RRVE GOFBT £ ol FRE Belaxds gnd 2, then
the notion of the particle over course of one rotational cycle would

the » .
describe a ci r cTOBHGR tSoF R Wewise Undr dissasaditionsit fypaibes f Sndaeatng edge”
side of the pariddCBRA Saf Qb HeBdtated! BMS applicd 36 Libleltem SiispaRgRd oM a
centrifugal field q\f\%l%@ i S opposed b;{ an equal liquid flowfield wll be

iqlesaitRereddy £ radial distange Alonedbs zaxisiirbwhich, Bhep svalbastsi i zed) if the

constrained to PR
bal ance of the E@UBaleprysests b pesitRE il FhiGE theGaficleds RRLRLANREIINAGH at he cour se

of its nov nt.. . Lo
. ) fgre centrifugal field which is exacily opposed by an inwardly-directed liquid flow,

even in the presence of a gravitational field. Furthermore, a simplification of

Stoke's Law (Eqn. 1) under the conditions of uniform particle size, shape, and
density and a homogeneous liquid flow results in Eqn. 2, where it is obvious that
the Sedimentation Velocity of a particle (SV) is a simple linear function of the
20  applied centrifugal field. Similarly, Eqn. 3 can then be rewritten under the same
conditions to yield Eqn. 4, where liquid Velocity (V in Eqn. 3) has been replaced
by liquid Flow Velocity (FV}. Equation 4 suggests that there is a continuum of
liquid flow velocities and applied cenirifugal fields which could be matched by
the evaluation of constant (C), all of which would satisfy the requirement of
25  relative particle immobilization. Further, if the liquid flow velocity could be
varied as a function of (z), there could be a separate application of this equation at
each radial distance. Consideration of the implications of Eqn. 4 is important for

 the relative immobilization of three-dimensional arrays of particles as opposed to




. 10 A graphical representation is shown in FIG 4, in which the axis of
rotation is now the (y) axis. Under these condltl ons the hypg)mggogﬁ of
Sanderson and Bird can now be restated and applied to | ong-term

i rmobi | i Z\ﬁboﬁﬁs ﬁ’f particles. There is a radial distance al on?g the z axis
(rz) whic Qf2eval uated by Eqn. 3, represents a po¥SVPHA which the
particle is relatively imobilized in a 15 centrifugal field which is
exactly opposed by an inwardly-directed liquid flow, even in the presence
of a gravitational field. Furthernore, ® sinplification of Stoke's Law
(Egqn. 1) under the conditions of uniformparticle size, shape, and density
and a honogeneous liquid flowresults in Egqn. 2, where it is obvious that
the Sedinentatign Velocity of a particle (SV) is a sinple linear function
of the 20 appl i Hrstiap el tpdimensispalriaras] of pagtighs a8 acdnglet féial be
rewitten under dishhfceTatBhe o@idhidaNS to yield Eqgn. 4, where liquid Velocity
(Vin Egn. 3) has been replaced by |iquid Flow Vel OCIt (FV). Equation 4
suggests that there is alfd®rbpmbrs which jpgiticly lﬂoeﬂﬁ@d\ﬁepﬁmdmwb@samd appl i ed

centrifugal fi e@dﬁu@ﬂlﬂ@mﬁeﬂﬂhﬁiﬁbﬁa@ﬁfﬁh&ﬂdﬁmowédiﬁto%@é ‘Sér%m‘?ﬁe const ant
(O, all of |c &l satisfy the requirenent ative particle

i mobi | i zat i ambe mogf disfal §0 fheyaxis ‘Ef\EPt@‘é]Ho@ml?lScleP@tb@thWarl ed as a

function of (z)ﬂovtr hﬂbtﬁy@ﬁﬂﬂsdlqﬁh& RwIRNRkAdEn 280011 Fat s)%ll‘HEve arym%leequatl on at
each radial di st:ﬁ a? Consi eratl nof the inplications of Eqn. 4 is
i nportant for ol oy ?Cr‘f’f’ﬁi?ﬁ YH%ESPBWGHﬁ%@nwmﬁé%lfaﬁw— arrays of

particles as opqhmsmdmhlcnnay bﬁyhrﬁﬂHaﬁs m&ﬁbﬁﬁ%ﬁ%nm WSR3 849%131 the

i nmmobi lization ]S|mensdl E’ﬁ sof articles at a single radial
di stance fromt 0528 dpdicaief o ]éer%ﬁ:tgﬁﬁ@rceq‘:ﬁﬁf“%ﬁ@ﬁswnﬁgrtl cleis

| ocated is Wyl mndrli\/talthe(lamd Bow gal@ﬁﬂl m@i lbaync;éemrggdeg@loé It,ﬁ,(ﬁtml@ sand if a

liquidis flowe n hanmber from 5 end_ of the chanber nost
o ?ames eﬁ?er TF210% 1hOF scmalﬁlgr Wbﬁ%chtaﬁgi"sec keatsd Bw vel ocity

distal to the axi s of Fota
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T o two- o mone ek BEERE e M BUE OF  pasc S e B b 1 um at

if a two- dinmensional arra ®ibriumat a
particul ar radllena_tedchts&irm@ngeﬁlr)zdmla&stm:elﬂmil Adt il Biperleiite aZgrediaphere CF s
the centrifugaloefidifbd Hitd $R0Hse at A1 and wil necessarily migrate to longer radial

distances (Bqn. 3). Conversely, particles initially located at A3 would experience

a reduced centrifugal field and would migrate to shorter radial distances (Equ. 4).

Thus, it is not possible to form a three-dimensional array of particles in a parallel-
walled chamber such as that of FIG. 5.

.20 If, however, the bioccatalyst imunobilization chamber has a
geometry such that ifs cross-sectional area increases as the rotational radius
decreases, as is graphically displayed in FIG. 6, theﬁ it is mathematically possible
to form three-dimensional arrays of immobilized particles. Tlns i§ a consequence
of the fact that the microscopic flow velocity of the liquid flow varies inversely as

25 tl%e cross-sectional area (Eqn. 1) while the relative centrifugal field varies directly
as the rotational radius (Eqn. 2). Thus, if values of flow velocity and rotation
velocity are chosen such that a two-dimensional array of particles is immobilized |
at rotational radins Al (Eqn. 3), then it is mathematically possible to adjust the

“aspect ratio” of the side walls of the biocatalyst immobilization chamber such




10 and FVis the liquid flow velocity) then particles forced to occupy

positions at radial distances either greater than or snallegMabhagos , such

as those located in FIG 5 at A2 or A3, will necessarily be presented with

~an inequal i f restraining forces which will result_jn nef translation
SH éq3§732 Thus, those particles |ocated at AZPCTéUqf)/“dé radi al

of the p
di stance than Al, will experience a greater 15 centrifugal force than those
at Al and will necessarily mgrate to | onger radial distances (Egn. 3).

Conversely, particles initially |ocated2at A3 woul d experience a reduced
centrifugal field and would mgrate to shorter radial distances (Eqn. 4).

Thus, it is not possible to forma three-di nensional array of particles in
a paraIIeI wal | ed chamher such as that of FIG S. 20 If, however, the

bi ocat al yst i miBh 1P9ss RS eitaliblopateton redial disioraetAd, coyldctisot dvperientes
Cross-secti onal il it eaBes Aobhic! Al8MARY Had 48 1?e3§£1§?@f565 as is

graphical ly dis then it 1s mathenatical Sible to

form t hree-di ne %WgF %?F"r“éfé nglf mptigndiaelt fovad thragenier PR clpmibsr.| & a

consequence Ofsxﬁlﬂ&aﬁgﬁﬁéntﬁlﬁbaﬁe ﬂﬂad%ﬁdr@%ﬂﬁit@da&k@ﬂeyﬁ%rpgj tzMﬂlglnght he 1iquid
the cross-sectional area (Egn. while the

flow varies rsel téeS

relative ce try%ﬁ Riagefelyst Wmokgizstion chagberi s dﬁﬁiﬁteﬁliﬂdﬁ%ﬂﬁ}ﬁadl us (Egn.
.2). Thus, if vahaIe.:Saﬁfmcﬁtbcou\bnue;io@cmhﬁbﬂﬁﬂgeofneﬁeédleG be\éﬁérﬁeﬁivélyu%e chosen such
that a two-di msné ?Qa‘h aﬁgh&gtlcles is immpbilized at rotational
‘radius Al (Egn.U37 % %?Pntha t FETReP oAt pire polbe imber iacraigpsist t he
"aspect ratio" thf rotatienabiagies detkdases. Ohiis&s m@mﬁm 7, 18 Bbdsivkedhi On chanber

such 8 May 2006 3/039702 PCT/ US02/ 36497 32 that those partl cl es
initially |ocat® 8%5}95‘3 tg’ﬁf’ﬁm&iﬂ 25 B Qg & & ey peifigt 8eldei t her an

simlar equd i toppasédﬁy(amqmﬂ flow ficlddf thebishrwet iinfolfatiorfichamBer g g@ﬁuﬁl ity of
forces which re ack toward the center of e chanber. A

n.ne
simlar ar gunen chstel alogs foé%%‘f’?’élafofl CE‘&P"F? PP tap prgquyf tg the gantiifigal £qn. 5) .
Al t hough 5 the ﬁgblcsimigﬂ:ylenéase hsethdptommaﬁaafaﬁﬁt ddciensed | hitddebigirycihageher as

Gepl o0 L, 1 g Il U GRR RR ebTA, o
Cr oss- sect i onalrotatioes ragius (Bnd wilhesh b¢ canstained® @ tiastowhidahat pliat vagal radi us
decreases. 1ENU% fch§ rAEPLELAHY Qufi! G 7. 1t Ts possible to
While, at first glance, the description presented above would
suggest that the net effect of the mismatch of forces at all radii other than that
which provides immobilization would result in a “cramming” of all particles into
a narrow zone cenfered on the appropriate radivs, such is not the case. As is
20  shown graphically in FIG. 8, as each layer of parﬁcies approaches an adjacent
layer, it will move into a region where a “cushioning effect” will keep each layer
apart (the horizontal arrows:in FIG. 8). The expianation for the inability of
adjacent layers of particles to interdigitate is a consequence of an analysis of the
microscopic flow velocity profile through each layer. In FIG. 9, a lsingle
25 Iepresentative stratum of spherical particles confined to a particular radial distance
in a chamber layer of circular cross-séction is presented. The ratio of the
diameters of the particles to the diameter of the cross-section of FIG. 9 is 12:1.
While the magnitude of the flow velocity of the liquid through unoccupied
portions of the chamber cross-section can be quantified simply from the chamber




construct a three-dinensional array of particles in a varying centrifugal
field 10 opposed by a liquid flow field if the biocatalyst ig@qujdngation
chanber geonetry chosen allows for a flow velocity decrease gréater than
or equal t8 the centrifugal field strength decrease as the rotationa

radi us deCP&{¥8Y? | n the geonetry chosen in FIG 7, tREFUSRBET uncat ed
cone, the two-dinensional arrays of particles at each rotational radius
(Rc) will each be constrained to notion toward that radius where 15 the
opposi ng forces are exactly equal . V%ilg, at first glance, the description
present ed above woul d suggest that thg net effect of the m smatch of
forces at all radii other than that which provides inmmobilization would
result in a "crammng” of all particles into a narrow zone centered on the
appropri ate radmuﬁmmmumhmﬁﬁdmpm?ﬂ&ﬁwﬂ@ﬁ@ﬂuﬁ@hh&gﬁﬂg&ﬁﬁ%ﬁbﬁyﬁmﬁmhpalIy |nI
FIG 8, as each layer of parti.cles roaches an adjacent ayer, it w
nove into a reg?(?ﬁ%\ﬂ‘?&?"gl es%?ﬂg’me('}ﬁlglg e @tthat\‘lﬂtﬁ?ibﬁ‘a’é?)(’féaggﬁ. flayer apart
(the hori zont al ofgiatiiolss becaistoffthdgreaBly redhird cersPsediivakliaen tHr@ugh Wﬁ&hltﬂiba;)l lity of
adj acent | ayers,.of, particles t.o interdjgitate | onsequence of an

anal ysis of t he"®# g‘?ﬁs@&‘g i AP B%Wép&%ﬁg??&b%l%lﬁi g t&hi‘“&ﬁ "é;@ﬁ' |l ayer. In
FIG 9, a singlelRby ieprksentaii ofehs bt dimanfioshaforeCtibn paublel thhies confi ned
to a particul ar i al . dj e i .ch r layer of circul.ar
cross-section i%eEe%ﬁ%%%ﬁggﬁéFﬁpgc? u%'tl %1365?'%{{?2116 %ﬁaé%?ne?aghcf) “t H&articles to
t he di anet er ofmichecopicomsressedt ilaal GbwFrelacitp in ghel Zgibn of Waich etréthe magni t ude
of the flow vel ggj 4 1 aui.d . upi ec grtions of the
chanber cross-§g%yﬁ%w%%gﬁaﬁémg%%%ﬁﬁ%&@§%%iH%ﬁ@ﬁ%?%ﬁ%%ﬁéf%ﬁ%hber 8 May 2006
WO 03/ 039702 PCTI US02 / 364®ial 88, ithasrbees detarmimet thah) &t the oasabf a dbaebérl ow vel ocity
t hrough a rggia ' : rdl M L. N sarily be
much great etr?pt %ﬂ‘?ﬁg&ﬁ n ﬁeg%gﬁééﬁéggg?&% @?r.a%%%?ﬁlg}@ﬂ rﬁ’%‘? :ggﬁ%s because of
the greatly redooeatdconsbe the eegionriereagneexkattingualighofivkitgfugdl Hercesl andui d nmust
travel. As is o) [hn$ o] Yalalg ke Lhe iner L Ak QW S velocity
t hrough a stra?g$¥€ﬁ tE% nge d?%gﬁg[gﬁggfgb Féﬁgﬁgﬁ%gghgﬁilghat
determined in tdfdhef rmeatedroncto]theslergn gjdinsenfithet touneated cane) af tentoncatzdch si de.
Thi's * m cr 0SCORkfe 4 BGEBARE b e LiRGRI qu&ih%‘E'o?&h&ioeégﬁhﬁBﬁk;é{]ség%ﬁgCOf each

stratum effecti vela/ provides a "cushion® whic ps ed ent stratum
separat e. IS5 FIG. 10. In Eqn. 2, the desired boundary condition of immobility for that

“lowest” stratum of particles is presented. Tt states that tlie intrinsic sedimentation
rate of the particle due to gravity (SR) times the relative centrifugal field applied
at that radial distance (RCF) be exactly equal to the magnitude of the liquid flow
velocity (FV) at that point. In Eqn. 1, a desired boundary condition at the opposite

20  surface of the array of pariicles is presented. In order to insure retention of all
particles within the biocatalyst immobilization chamber, a boundary condition
wherein the product of SR and RCF is twice the magnitude of the flow velocity at
that radial distance has been arbitrarily chosen. Simultaneous solution of the
desired boundary condition equations is used to solve for the ratio of the conic

25  section diameters when the upper diameter and conic length is known. ‘

FIG. 11 is a profile of the relative magnitudes of the flow-related
forces and the centrifigal forces across a biocatalyst immobilization chamber of
conica} cross-section which has dimensions in this example of: large diameter =
6.0 cm, small diameter = 3.67 cm, and depth = 3.0 cm. We define the Relative




In actual use, it has been determ ned that, for the case of a chanber 10
geonetry of a truncated cone, it is preferable that the nostggiStmosregi on
of the truncat ed cone be the region where an exact equality of "centrifugal
forces and ui d flow velocity is achieved. The "aspect ratio" (the ratio
of the snaP®4a ?g of the truncated cone to the |ar gBCHEMPAEYDf t he
truncated cone) of the truncated cone is determ ned by the sinultaneous
solution of the two equations presented in 15 FIG 10. In Egn. 2, the
desired boundary condition of imobilityy for that "lowest" stratum of
particles is presented. It states that 'the intrinsic sedinmentation rate of
the particle due to gravity (SR) tines the relative centrifugal field
applied at that radial distance (RCF) be exactly equal to the magnitude of
the liquid fl owSeditedneation Raté Es\the Iabdubthﬁ‘tthepﬁtirmﬁc seHiiheEﬁﬂibnrﬂte offa ghéikle ed boundary

condition at the opposite 20 su particles is
“presented. In o& eﬁr% ok ﬁ%ﬁrnél%lﬁét ‘?‘i‘% Shits %513‘[ {e“%?ﬁtfl ecalugihevﬁppﬁ?dn t he
bi ocat al yst i mubirdfugzlficldn Fohanpben fow ﬂatau(ﬁrdaﬁwempkdlmlmm'mm}hﬂbai n the
product of SR a i b ude .Of, theflowv ity at that
radi al di st anceﬁﬁ 1r§]m$bwl'zg orna(?’|g osenmdlg‘ter’?uﬁlfngﬁséogu 35'7 %fl on of the
desired bounﬁargromnhmdl anthed}waitalxsnmmebthedl tlondel 8€0.0 on ftdne theat i 0 of t he
conic 25 secti }Q@E\P “Lp“ ' ength is
known. FIG 11 ‘?’%“g‘l“grg% o ﬁf b at S% g%;ﬁg‘iédﬁrﬁ ?agg] a%h&e | ow-rel ated
forces and the maviyrand ﬂlgailﬂgtﬂamwdecstyam@wtaat ajltb%t:atmli\]pswraiemﬂrzﬂ fozati on
chanmber of co 586 t exanpl e of :
| arge di anete néaﬁsﬂéthgﬁ&ﬁéd MHggseQﬁ% %égﬁp&ﬁeg)%ﬁé gle a%]hﬁ 3.0cm W
define the Rel avelogity @eqlxwbz@mﬁMe@@m@@fm@uP@mscﬂyaﬁﬂagiﬁmaml@edu ment at i on
Rate as th rqg% [ t 2N rticle due
to gravi tye]i(g a nu%ert?;éent%l%ﬁe%ﬁggllwé %é&&!eﬁﬂ%ﬂ;fgﬁpgr g&pﬁa ef[haeﬁélgiﬁhe appl i ed
centrifugal fi eYagatioggp the giniridygak ﬁ%iévsﬁ%ﬂg@l from thén bettopx tonfbe doplof Hedmin) into a
bi ocat al yst | Myl @BbiGAARD Shadifr. Mtk NeHeC BiRd 18l BESLONEe Where the S
proxi mal end of the blocataty i mobi’l i zati on chanber O cmfromthe
rotational axi scorespendmeyalye of terflopislopitt rAtitky hottera of the thambes dhemattat i on rate
due to gravi tydlmgoﬁb@omgeﬂaﬁﬁeryﬁie%@ara vl aﬁ@@%&rﬁﬁé atiis P&ﬁlog' ven flow

rate in ordeSr satisfy the desired boundary conditions (see FIG 10). In
ther word § t H@%@@p%qnce no net force. At the top of the chamber, a particle would

h.

experience a flow-related force which is only one-half of the magnitude of the

cenfrifugal field and would thus be uanlikely to exit the chamber, even in the
presence of a neaﬂny tegion of decreasing cross-sectional area (the chamber liquid
exit port), where flow velocities will increase markedly.

20 It should be clear from the foregoing that, subject to the necessary
condition that the cross-sectional area increases as rotational radins decreases,
there are other geometrical chamber configurations whose shape could be
manipulated in order to establish boundary and intermediate relationships between
the applied centrifugal field and the liquid flow velocity forces at any radial

25  distance in order to establish desired resultant force relationships in the three-
dimensional particle arrays. In practice, however, it is undesirable to utilize
geometries with rectangular cross-sections as a result of the anomalous effects of

coriolis forces which act in a plane transverse to the rotational plane. In the case



vel ocity need not be specified here since its val ue depends only on the
particular 10 particle type to be imobilized. The dotted |iQ§ﬁ%@0&bG. 11
di splays the linear wvariation in the centrifugal field strength fromthe
bottomto_the top of the biocatalyst imobilization chanber, while the
solid | i néC8#881%ys the corresponding value of the flBa/UORBHTy. At the
bott om of the chanber (the nost distal portion of the chanber), the forces
are equal and a particle at this position 15 would experience no net force.
At the top of the chanber, a particle wauld experience a flowrelated
force which is only one-half of the magnitude of the <centrifugal field and
woul d thus be unlikely to exit the chanber, even in the presence of a
near by regi on of decreasing cross-sectional area (the chanmber liquid exit
port), where f| ofvestaigule drosesectinnk,| theasthewseurmpdo@ati fyrces2h dohtribitotd d be cl ear
fromthe foregohﬂ%%ﬁ??&ﬁdéﬁ&&SCt to the necessary condition that the
cross-sectional area it ncreases as rotational radius decreases, there are
ot her geonetrical chanbek sbod ialgo rbatdlean diomhths fosrige thab the deffeet ofrani pul at ed
in order to est o ary. and i.nt erardi Lel ationshi ps, hetween the
applied centrif ggkﬁ@PgﬁgggnaM?%e81f%h?%ﬂﬁﬁ%ﬁk@gpgcﬁ%%%f%@%gsm%t any radi al
25 di stance $n brerendently efghepdppliedtrentafipal dofeos emudvemlsss ifnperiet thad witsi onshi ps in
the three- di mepgi.gnalRark : : j : dt 1S
undesirable to E@#ﬁi;eIgge%#%#?wgg&a%ﬁﬁa%%%?gﬁﬁﬁf%%wg?%ggﬁgég?%Ens as a
result of the awWopbilisedkpasticiaistts edlifer cawse iradiel dengbeningsorvipdial shexispingn a pl ane
transverse to_then HOh&ch AR pREA) Gl hibedsify GARE 1BeilBY mR0D el (3/ 039702
PCT/ US02/ 36497 _ 35 of rectangul ar cross-sections, these otlierw se

uni npor t ant f or@esasedy How otelocith iegnitds  (Ipngere radi)y ex desagessdciiaw vele¢ibn. 1t shoul d
al so be cl egg fﬁnQ#ﬁItﬁd@Qsﬁoﬁéﬁgﬁi)WﬁmtdWahﬂ& ShdieCinate in Wed¥iatHeqnal forces
acting on the individual parti'cle masses which acts 5 i ndépendently of the
appl i ed centri fi§88®f orces are even less inportant than was i ndicated
earlier. In particular, & BCRndefiRndRAMCpblieChotRh & A\fafti¥ie Mhedid Ot herwi se

i mmobi lized partigle is to either cause radial |engthening or radial
shortening, suBRIEHRRY PRFRISOT 5 et pass Wil | be vy dampepedoin #5 it ei t her
into a region Ofreschod &f S0k RitbalhddlbppBiiClotcy HEMBOMN bl fndunOB Ge Fhelcaddi 1) or

r flow vel oci o
decr eased i§ of?cm(? I%asts¥arﬁcles,a.v1brat10n1nplace.

It is preferred to control either the infroduction of, or the generation
of, pases within the immbbﬂization chamber. One may ensure this condition by
the application of Henry's Law, which, in essence, states that the quantity of a pas
which may be dissolved in a liguid is a function of the system pressure. Thus, if

20  the hydraulic pressure of the lquid-containing parts of the system, including
chamber and the liquid lines leading to and from the chamber, are maintained at a
hydraulic pressure sufficient to fully dissolve the necessary quantity of input gas
and to insure the solubility of any produced gases, then there will be no
disturbance of the immobilization dynamics. '

25 FIG, 12 illustrates a system according to various embodiments of
the invention. lna systém 100 utilizing methods and compositions for separating
and isolating target molecules, such as in chromatography, a CCD 102 operates in

conjunction with a production vessel 104 and a means for product capture 106.




10 magni tude (shorter radii) with only a much smaller change in centrifugal
field strength. As a consequence, the periodic nmotion of a Pafdyixghg due to
gravitational effects onits intrinsic mass will be severely danpened in
the pre such unbal anced opposing force fields_and will anmount to,
in the c;‘gg%g'ﬂ%%&f | ow mass particles, a vibration in PFHENZ447 s
preferred to control either the introduction of, or the generation of,
gases within the imobilization chanber. One nay ensure this condition by
the application of Henry's Law, which, 4y essence, states that the quantity
of a gas which may be dissolved in a liquid is a function of the system
pressure. Thus, if 20 the hydraulic pressure of the |iquid-containing parts
of the system including chanber and the liquid Iines |eading to and from
t he chanber, are maint ai gpically, @a CCHyHWR apbiaes rdewadant oS af fringibitiaed t o ful |y

di ssolve the ne [ i f 1 t nd.to insure the solubility
of any produc ed?tg%gggl,xe %ﬁ’%ﬁi{etﬁ@ ﬁonw!TFﬁQ %b%gﬁlé 10%?%1 i P%eéaﬁ%é{%lfm@ﬁ’é

i mobi | i zati on digwidfowgate 281 rEvoBtions 2er thinuts (RRMewmhinstiost ehareseyrda] ng t o

vari ous enbodi nggt 5.0f. LBE kNyeRhi - SV, 1 |41 zi ng methods
and conpositions for g’palr alf_lsng .gﬁgpfhg%ﬁgﬁoﬁg&%%%ee%gﬁ%aé%tﬁ’fegs? such as in
chr omat ogr apRy, exfluson beats aspiamepbiliged; and @i baddpiesmrevirtthe msigimogitect | on vessel
104 and a Means 5hAd BaRG GARbYEEmMGA NMe2908 -

PCT/ US02/ 36497 ?f Typi cal IG%I; a C‘;(J:D 102 olizoer at es? ?Sndseng%?n_gléﬁg%g;&gn

i mobilized pabickepsusphan cayivakes packefl bedsof ihetsiagmumbrredf pirticlesa CCD 102 can be
operated at particular higiHelich ves 18f 8ndRG LGVttt manute (RPM
conbi nati ons where_arrays of, 0for exanpl e, e‘irot_ﬁeréﬂ]%1 %ﬁ_}ﬁ%gsg&f)amddi aneter ion
exchange resin BEhlrovsmefds smdsysams & oredwrirgdgodngeotiothentifelpioxidtig aand (2) the
backpressur ¢0or sty h@t_%ﬂiaﬁ,t(ﬁm@t@m%e‘ﬁeou“i j ,%ékﬁ&hﬁ%@ﬂﬂ%@d& sBH' @Y Of

i mobilized particles is a small fraction of the ackpressure of an

equi val ent pack@@Dﬂﬁa of the same nunber of particles. A production vessel

104 can be a conventionah H&aN fof pR&RP Eipakedos Winl i KBANRbE] BQGR and systens
for producing, storing, or otherw se providing a_ 10 starting material, or

het.er ogeneous | #&R5iated With kpowp mgieds sud spieme i stnteestieing 5 ofjerwise
' receiving one or more products from a chromatographic device such as a CCD
15 102

As shown in FIG. 12, a CCD 102 receives the starting material,

heterogeneous liquid, produced in a production vessel 104, The CCD 102

captures or otherwise isolates target molecules from the starting material using an

appropriate or svitable chromatographic technique. The CCD 102 then provides

20  the target molecules to the means for product capture 106. As shown in 108 of

FIG. 12, depending upon the chromatographic technique used by the CCD 102,

the CCD 102 isolates target molecules from other materials in the heterogeneous
liquid, shown in the inset chromatogram, where peaks indicate the separation of

different materials in the heterogeneous liquid. |

25 FIG. 13 illvstrates another system 200 utilizing methods and

compositions for separating and isolating target molecules, such as in

chromatography, in accordance with various embodiments of the invention. In

this embodiment, one or more CCDs 202a,b can be used in respective

chromatographic processes to obtain desired product molecules. Fach CCD




CCD 102. A means for product capture 106 can be a conventional device
associated with known nethods and systens for capturing, stogg.2006

ot herwi se receiving one or nore products from a chromat ographi ¢ devi ce
such as a CCD 15 102. As shown in FIG 12, a CCD 102 receives the starting
mat eri al WO BB geneous |iquid, produced in a productPOMUSIEIEE 104. The
CCD 102 captures or otherw se isolates target nolecules fromthe starting
material using an appropriate or suitable chromatographic techni que. The
CCD 102 then provides 20 the target nolkgcules to the neans for product
capture 106. As shown in 108 of FIG 12, dependi ng upon the

chr omat ogr aphi ¢ techni que used by the CCD 102, the CCD 102 isol ates target
nol ecul es fromother materials in the heterogeneous |iquid, shown in the

i nset chr omat ogtlZnd ingsescangmagiebilived shometogrehi (seiokraaty, omomdtographif er ent
materials int t Lol 2 il t es ,anot her
system 200 uti Pﬁeg?nﬁg&lgﬁe??%?gﬂl}né Oq{ié%’%%%@??ﬁ%%s’ #hgrﬂlséwd@@?? ﬁaé‘ bﬁnd i sol ating
target nol ecul e¥ed 3 BrmaY precese Hevientndghagshend GGD a6ocad dnoedws th var i ous
embodi ments of gahigpioR ¥EMdwoceksteyibd)i & e Qéter%%?aﬂ%eoéwo%cbu%rg;ﬁ-e CCDs 202a, b

can be used jn respective chronatographi"c process ' desi r ed
product nol etul EPMIRAPRITHIN Sesii $00@0 B DB 03BROLIPIRE LISDEM36497 37
1202a, b i ncl udes, @ondMER bz €fln CREYREAME 358 bifen RE, b ﬁﬂd%ﬁ%rché%eal
chromat ographic bed, in accordance wth a chromatographic process. The
first CCD 202a “CBPPsHn desigpedole cqussrthenglution pb desteredembloeles afih the second CCD

20210 can be USﬁﬁﬁoﬂﬁzeﬁch@ﬁ@%igfgph%paﬂ%ﬁ%ﬁﬂn%gﬁﬁggdotgEXC%A%%D2%2 ting

mat eri al, heterogeneous |igu rom5 a co ction vessel 204 can
be punped to a2 Rpeded- CEpicalin svhem dhetfividhflavy from thefishG@CR022B2¢es An el uti ng

medi um 206 19UChar@gul# dapddity, Guidbquin: GRRIMIGAL di&:ﬁgﬁjﬁst-gé %ﬁ%&‘ld Y gpgd to cause
the elution of the target nol ecules froman 1 mobilized Chromat ographic
particle arrayReWsFivE WP e ressivaisc HSabponspiatoneack ECHeA9 2w fo Typi cal | y,

‘when the fluidcbileotalpbiantidchRs frbrh Hfe R8P 4shid ﬁ@c%ﬂ;@ssinﬁ)lemented by the
"~ CCDs 202a,b. A non-product waste 210, such as a liquid, is ouput from each

CCD 262a,b as a result of the chromatographic processes. Typically, a collection
15 device or storage reservoir captures the non-product waste 210.

For example, the continuous flow-type system 200 can be used in
conjunction with classical ion exchange-type or affinity-type chromatography
processes. Using these types of processes in conjunction with the CCDs shown in
the continuous-flow system 200, target molecules can be obtained from a

20  heterogeneous liquid.
A continuous flow-type process implemented by the system 200 is
-described below. Initially, 2 starting material, heterogenous liquid, containing
target molecules is introduced such as being pumped from a production vessel
204, 1o a first CCD 2024, The target molecules are initially adsorbed by the first
25 CCD 202a in a chromatographic particle array made from resin pa:rticles; The
target molecules become immobilized within the first CCD 202a. When all
available binding sites are saturated, an eluting medium 206 subsequently elutes
the desired product molecules from the support. Waste liquid from the first CCD

202a is then diverted to a waste reservoir or to non-product waste 210. In this




10 particul ar capacity, subsequent fluid flowis diverted to the second CCD
202b.  Respective product capture reservoirs 208a, b connect §e1830bs CCD
202a,b to <collect target nol ecules fromthe chronmatographi c processes

i npl emented by the CCDs 202a,b. A non-product waste 210, such as a liquid,
i's ouput WOMB¥BEh CCD 202a,b as a result of the chr MV EYMEEMN c
processes. Typically, a collection 15 device or storage reservoir captures
t he non-product waste 210. For exanple, the continuous flowtype system 200
can be used in conjunction with cl ass'égal i on exchange-type or
affinity-type chromat ography processes. Using these types of processes in
conjunction with the CCDs shown in the continuous-flow system 200, target
nol ecul es can be obtained froma 20 heterogeneous |liquid. A continuous

fl owtype procegfmbPheRDfiRd 28 cdnbBy S hBMc2RR leSonttRSES REsttdel ow.
Initially, a starting material, heterogenous liquid, containing target

mol ecul s is i HFbEEBedrcEoRYesssi20he; ng punped from a production vessel 204,

to a first CCD 202x. Theyheal e tisiTOLBCILL S /o8t fotkdch Al pritiefstaongad by the
first 25 CCD 202a in_a g:hroma_togaraphlc particle array nmade fromresin
particles. The meleisdmdmgcaptivee fek frw hepredrioredchd't Ridverter i rst ocD
202a. Wien | goavsiohatdl 8cofld 0dbng21si RSt 8f Brp&atdic@bLfom AP figh gEDNg medi um

206 subsequently elutes the desire roduct nol ecules fromthe support.
Waste |iquid fr%ﬁ"? PR bestiverepto E‘Gg&PP@“’F%E%adTI\?@ﬁ BEpet BOEWEHEL e reservoir

or. to non produgleckdsSds@howhOsy théipdak ixSa &mfm%m@%@@%@@c&éﬂ/ US02/ 36497
38 manner, a nore purifi e&@snﬁ conjjentrate prodéjct may be conti nuously
extracted frorfoEhie seoarf et Gi2R e be divorie toiasend RRIFS FPMTEBFS02a i s about

to (r]I each a pr e@efm.ggﬂust, fwul%ﬁﬂle t@t&ﬁdl&c@lebﬂmﬁigr@ RAP aattey 2 p&éﬂ@gﬁehow f2 B czugn t he
production vesse 4 1s diverted t 5 [ ou a secqn .

Qut put of tk} gé‘inOH%lf‘géﬂll‘eégﬁefﬁrﬂrgcg)r@%? P??’Em‘%gg%g%%@é{"ncaf‘ féﬁ“’ diverted to
product capt ur go #%theMOED Qs Reclid@ll g€ thiyPdnaELHhe fitsB CCOaLaki ekl seamdshown by t he

peak in a chro 0 m CQut put .of target ol ecul e fromt second CCD
202b can be di g@gt‘;@haﬁoé’ ?9?’18”&?%6‘8’5?“@&%@" LRGUIESITW Orhys, when

the target nol elesed ploittintigeutapaci ty reaches a predefined
' | FIG. 14 illusirates another system 300 utilizing methods and
15  compositions for separating and isolating target molecules, using chromatography,
in accordance with various embodiments of the invention. In this embodiment,
one or more CCDs are used in a continuous process flow-type scheme in which
high molecular weight product molecules can be isolated and purified from a
heterogeneous liquid. Similar to the system 200 in FIG. 13, the system 300
20  provides a heterogeneous liquid from a production vessel 302 to a first CCD 304.
In the first CCD 304, the cellular portion of the heterogeneous liquid is removed.
Waste is diverted to a reservoir such as non-product waste 306. Next, the cell-free
liguid is passed from the first CCD 304 to a second CCD 308, where low
molecular weight protein contaminants are discarded and the liquid containing
25  target molecules is passed to downsiream purification sections. Waste fromi the
second CCD 308 is diverted to another reservoir or to non-product waste 306. -
Next, a third CCD 310 and fourth CCD 312 are operated alternatively to first
absorb and then elute 2 more purified and concentrated protein target molecule.
Eluent 314 may be added to each of the third CCD 310 and/or fourth CCD 312 as




10 amount for either the first CCD 202a or second CCD 202b, flow can be
diverted to the other CCD as needed. In this manner, the fig&tay@6bs 202a
and the second CCD 202b can be operated in alternating periods to provide

a continuous flow of desired product nolecules. FIG 14 illustrates
anot her 3X&E3EI78D0 utilizing nethods and 15 conposi t i AEUPHFIYepar at i ng
and isolating target nol ecul es, using chromatography, in accordance with

various enbodi nents of the invention. In this enbodinent, one or nore CODs
are used in a continuous process flow kype schene in which high nolecul ar
wei ght product nol ecul es can be isolatéd and purified froma heterogeneous
liquid. Simlar to the system?200 in FIG 13, the system 300 20 provides a
het erogeneous liquid froma production vessel 302 to a first CCD 304. In
the first CCD 3fddded: Mriste Ghinhohiof othiri GODGH0 fddcfohititGIIdyRiatvested foqui d 1 S
renoved. Waste is diverted to a reservoi uc - P t waste 306.
Next. Cthe cel | <pEEs oo e e et YR RARF of BREEBIHE S Second
CCD 308, wher e diakvCOIDRHL etk @mplogidghtaliphaive ioperstion tramisoenind ¢hte tidi scar ded and
the liquid containin 5 target. mol ecul es is .passed 10 st r.eam

U 11 cat | on- s e B ARodg B A ipe Ty, B 288 208t 22 AP ed 1o

anot her rese¥ vaidiedat eich ofithe fifik OO G18 akddt sixtB OED 32Dlexbecdd. Waste for@CD 310 and
fourth CCD 312 ar.e er at er.nat i to first absorb and then elute a
nore purified a%‘&l%fgﬁec%ﬁiﬁg?ggéaﬁ%’f@iqﬁg%”d@fhv%eﬁé%ﬁﬁpaér?teorE‘f"ie‘r?P 314 maybe
added to each aéscivbits §uoh fdh-oadict3d0 ATE/ The rdecltait frodicDt3disas ofxt03/ 039702 39
8 May 2006 PCT/[US02/36497 needed. st.e. from each, of the third CCD 310 and
Fourth GoD 315 74 irheh LB PPET e mPtet b Ootros o et fbrtbndelc

non- product wasthsnmafbgraplfc purfficdtiofEEPs318 and sixth CCD 320 are enpl oyed in
alternative pperation t dsprp.and elute.the. protein product from
affinity cﬁrogmat ography%@%?ﬁ%@%ﬂ?wﬁsﬁgﬁt eg?p I&B@”S“e”%“’g&él“&eta to each of
the fifth CCD 3h8emindinpmt sifxthé iDEDRIcB2 @lsasgeneailje inowtb st @ Cemrifugdach of t he
filth CCD 318 d six h%'[(j:gg-Z S0 el t . : n
reservoirs sucﬁ&rr\%r?f{tﬁ%) ctw\g)/\l?a(grtg%gl& ﬁ%‘g?&élgﬂﬁt%g%{na%ﬁg%egﬁgggeam is an
out put 324 i n apprratie oh eubptewially separaingend mroleting Hagethmelenesengoranat | east

| four sequenti al

chromatography. Depending upon the type of target molecule to be separated and

15 isolated, and the role of the CCD in a particular chromatographic process, various
chromatography resin arrays can be utilized with a CCD.
FIG. 15 illusirates a front view of a CCD 400 with at least one

chamber 402 for separating and isolating at lecast one biomaterial. In this
embodiment, the CCD 400 includes at least one chamber 402 positioned along 2
20 longitudinal axis of a shaft 404. Note that the CCD 400 may include any number
of chambers 402 mounted 10 the shaft 404. Turning to FIGs. 21A and 22A, the
shaft 404 typically has an input cavity 406, an output cavity 408, an injection
orifice 410, and an output orifice 412. The shaft 404 is typically composed of a
stainless steel, typically 304 or 316 stainless steel annealed, ground and polished.
25  However, the shaft 404 may be composed of metals including, but not limited to,
steel, iron, and titanium, plastics, composites, combinations thereof, or any
material capable of withstanding stresses developed in the CCD 400 during

operation.



chromat ographic purification steps. 10 FIGs. 15-24 illustrate views of a
device or apparatus according to an enbodinent of the invengigR,208ks0
generally known as a Centrifugal Chronatography Device or CCD' "The

enbodi nent shown is directed to an apparatus for substantially separating
and isol ¥PAYIPWEget nol ecul es, such as in chromat ogr BEHYSO2BEPENdi ng upon
the type of target nolecule to be separated and 15 isolated, and the role
of the CCD in a particular chromat ographic process, various chromatography

resin arrays can be utilized with a CCQO FIG 15 illustrates a front view
of a CCD 400 with at | east one chanber 402 for separating and isolating at
| east one biomaterial. In this enbodinent, the CCD 400 includes at | east

one chamber 402 positioned along a 20 |ongitudinal axis of a shaft 404.

Note that the CCD 400 neppel ifgdt UeGtyofoy a8l IREbutp®feailyaqigeséersifl? afgount ed to
the shaft 404. Turning to F . 21A an A .the _shaft 404 t?‘@l cally has

| Gs d 22A,
an input cavi t ypostignedzyithi thesheft 404 and gxtopddmoughoyt Hhedengihpfi the shaftddt e 410] and

an output orifi-eg #ildion bifceSA18fahd HO4uipst drifipd 42 dry iCRIP SEEhuREtica St ai nl ess
steel, typically 304 or 316 stain]ess steel anneal ed, naglr oqu, nd pol.i shed.

25 However, the¥ihike fopuiraviy0s gud syt efitn 1 0ngetngpte el BER AB%®but  not

limted to, 5st@flacts bk OftericdBitfied bfahd shaft 4ps.ashd CSD 400 fpM&Iifdhties gONDI nat i ons
t hereof, or any, nater.i al ca abl g 8f !\{Vlt st.andi Ir;ig%gt resses. devel oped in the

CCD 400 duri ng legspeic isehipn clgnqptdl Bid £oyay - K297 40 The
i npﬁt Ca\é it yh4$<§ir§ggm éﬁg p@blﬁ@iég “ﬂﬁﬁdieﬁdlh(ﬁﬁﬂbepﬁﬂ’i, lag ai@bvﬁ iﬁfms. xﬂcmjﬁt :c oned
within the shaft and extend thro out .the | engt the shaft 404.
The injection ct¥Pcl @fcf‘%ﬁ%“‘f"‘ﬁeaﬂ t"yﬁ’ﬂq"?‘?“c%e V4 4&$éreis P i d
comuni cation  pugt 5AL heiditiomily, e0CTD ¥004RGudRNTmbARE fod Litqiiag the ehaft194,4 10,

406, The. 9 aGUh o BriupoR (et giBe 40 ot Pbrmte FhEes Al RRCHEne 414 whi ch
is in fluid conphgmdind agfotthd dhaft4va. i nj ection orifice 410 and positioned
wi t hin each chanber 402, as showp .in FlGs.. 15 a 16A-B..I.n this
enbodi ment, a plural ity ‘SfS5PH} é“cmﬁf}&ﬁsé%oeﬁﬁ eﬁ‘ibg tﬁ?léaﬁ%‘ﬁ S FlG 16A-
Addi tional ly, tdids QT 4@hims telesnpsddesns hadral clicht hngainles sdwhft 404,
Altematively, each side 416 may be composed of any materia]l capable of
‘15 withstanding the stresses developed during operation of the CCD 400, and may
| include, but is not limited to metals such as iron or titanium, plastics, composites
and/or combinations thereof. Note that in this embodiment, when the sides 416 of
the chamber 402 are fit together that each chamber 402 has an internal cavity 418
in the shape of a triangular toroid when viewed from the side. Furthermore, the
20  coxternal shape of the chamber 402 is desirably round and wheel-shaped when the
two sides 416 are fit together. The outermost portion of the intemal cavity 418
maintains an angled portion 420 between each interior surface of the chamber 402
when viewed from a position generally orthogonal to the Iongitudinal axis of the
shafi 404. The angled portion 420 may typically have an angle of about 0 to 90
25 degreés, and is preferably about 25 degrees. '
The angled portion 420 should be such that when the CCD 400 is
in operation, a biomaterial (not shown) that is contained within the chamber 402
forms a substantially statiopary chromatographic material which does not contact
the exterior surface of a manifold sleeve 422 or the shaft 404. Further, the




- 10 such as a nmotor (not shown), and the at |east one chanber 402 about the
| ongi tudi nal axis of the shaft 404. As shown in FIGs. 15-20,g 8a5pa0per 402
typically includes two sides 416, which nay be conposed of a material such
as stainless steel. Alternatively, each side 416 may be conposed of any .
mat eri al WapHBP®W2of 15 wit hstanding the stresses devel SJEBHEHP g operation
of the CCD 400, and may include, but is not limted to netals such as iron
or titanium plastics, conposites and/or conbinations thereof. Note that
in-this enbodi nent, when the sides 416 t he chanber 402 are fit together
t hat each chanber 402 has an internal éEV|ty 418 in the shape of a
triangular toroid when viewed fromthe side. Furthernore, the 20 externa
shape of the chanber 402 is desirably round and wheel -shaped when the two

sides 416 are fbﬂamt)é?gﬁi BRincldde® 1akHitRh BRESn ROkl w@w&ﬁ theBelbdoRidpal cavity
418 rmaintains an angled portion 420 between each interior surface of the

chanber 402 whehthgic r fpch easlesss pr el glbmiselly (Bp wEiHgyERsHEMm 50 t he

| ongi t udi nal axa;o‘fnpeiedhh@surﬁt@ﬁﬁné erally WRthagdsd1 @61 Mnkin@markafd ol typically
have an angl e of about O to 25 degrees, and is_preferably about 25

degrees. The anﬁ?@d%or%’&%@est%%‘l‘% 35etion jg 1{bip ﬁ%*i“oﬁﬁjéﬁ‘imtr"rﬁés D 400 is in

operation, a5bigoRiisal Rém e&ﬁcuﬁgmy\mamfbﬂa@teweazp e iopRalionbthé ocbhe chanber
402 forns a substantl IIy sta}al onarly hromat 0 r@ﬁg@\? mat eri al whi ch does
not contact th¥0dkerel g, he bipratepl 1o PerioRp e @422 or the shaft

404. Further, the 8 IVBy ﬁa@@ﬁemm/ﬂ%ﬁm%rElﬁTdréJg%é@ﬁfa%e&lﬂog&mnber 402 can
i nclude a tranS|1;|on sectlgn or walls_ between thg %ngﬁm ﬁP n of the
chanmber and t he'S@EdeRfwally of falfs 424:Tylhe balfs 474 apq,pes b €etlion. i s
c?rrpﬁsed ﬁf a Zlgiafteag@uh@aie peﬁmamsakthxceﬂmpwmt@qu&wet@m%t uﬂ' nal axis
of the sha 0Sjitio tion section in_this fashion

di scourages%h OB%HIE‘F@FHJQF%YEWGH} §YSHg mfyl‘f’ésoﬁiﬁﬁiltfogfa&w%ﬂfseoéve 422

dur} ng operati %ﬁﬁeééafhﬁle@ﬁﬁectﬁﬂ@m&ﬁiﬁﬁﬂ@ﬁxﬂé %he\e#desg:ﬁs hembbmexemgal to
performits intende u I.on es 416 of. the anper are
typically fasteK&gP ete’bﬁsé‘?ﬁ%?dm dg?‘ﬂifrthaﬂlfﬂ??al “Bc‘)'ﬁ? g"ﬁe bolts 424
are positioned wztnliuymeaﬂir@ﬁmaéa@zsln@:ﬁ@t(edcﬁymﬂmdletdﬁmeﬁemﬂme&mﬁbeizs of the

chamber 402, Al f oAt | inatSe 4 0ShAS (30.5 om), and the diameter as measured

15 between opposing bolts 424 is approximately 9.8 inches (25.0 cm). However,
other embodiments of the CCD 400 may include a chamber 402 having
dimensions in accordance with the scope of this invention, as set forth above.

A seal between each side 416 may be established using an o-ring
430, which is typically positioned on the intc:rior surface of a recessed portion 432

20 | of the internal cavity 418 of the chamber 402. Once the sides 416 are assembled,
the o-ring 430 contacts both sides 416. Alternatively, the seal between each side
416 of a chamber 402 may Ee created using means including, but not limited to, a
reieésable adhesive, a gasket or any type of sealant material. -

As shown in FIGs. 15, 21A-B, 22A-B, the shaft 404 can be divided

25  into two portions that each mount to the chamber 402 at or near the central pori:ion
of a respective side 416 of the chamber 402. A flange 434 on each portion of the
shaft 404 permits the shaft 404 to connect to the exterior surface of the chamber
402. Bolts 436 are positioned within holes 438 locaied in the flange 434 and
machined into the exterior surface of the chamber 402. Aliernatively, the shaft




10 416 of the chanmber 402 may be hel d together using any assortnent of
fasteners or other rel easable connection nmechanisms. Once t8g1a5i2d06 416 of
t he chanber 402 have been assenbl ed together, the width of the’internal
cavity 418 of the chanber 402 may be approximately 2.6 inches {6.7 cm
with the VUPAHBPERE of the chanber 402 being approxi nmat BEYUSP23@9T nches (30.5
cm, and the dianeter as neasured 15 between opposing bolts 424 is
approximately 9.8 inches (25.0 cn). However, other enbodi nents of the CCD
400 may i nclude a chanber 402 havi ng i,mensi ons in accordance with the
scope of this invention, as set forth abbove. A seal between each side 416
may be established using an o-ring 430, which is typically positioned on
the interior surface of a recessed portion 432 20 of the internal cavity

418 of the chanher mdPde sued frh@maé @E&e%ﬁn@a&@ﬂfﬁ%&ﬁ@*ﬁﬁ)ﬁﬁ’sgw&ﬂﬁt g ring 430
contacts both sides 416. Alternatively, the seal between each side 416 of

a chamber 402 niepEs orothat wlsasaile pgnscionTaechanisms 4P heshalt 498 Resibpsh ted to, a

rel easabl e adheginvgstedado ﬂlasila@m@bftﬁéebarhbepmpfhemlmaanmhﬁé firdken toAS shown in
FIGs. 15, 21A-B, 22A-B, .the shaft 404 can be divided 25 into two portions

that each mount "¢ Wﬁﬂ‘a@ﬁ%’B]é‘Fh tpgyamilgits wtatigpa forgelropgb b fapeeddd tndon  of a
respective spdetAlébchambdrbgr.chanber 402. A flange 434 on each portion of the
shaft 404 permts the s ft 404 to nnect to e exterior surface of the
chamber 402, Bolts 436 SFEpRL% P dzg\ﬁ“@*ﬁlﬁ Meleevedar a Geaert in t he

flange 434 and suwaahi A epbmbai @Oﬁiﬂ@y YL@ 4 ehnifdMd b8&e @ nhive shapher 402.
Al ternatively, the EQ‘?J }% K 2006 V\D 3/ 039702 PCTI USO2 /36497 42 404 may
be secured proxPHEIEE 44 af Joast Of pHiRut dg Hoeeager Fell g ieemef e fasteners

or other rel easwe4ma@mwxmsw@m4 &M a@hikdney Shablt HGrddas been

connected t e .chanper 402, the shaft 404 can t hen be
driven to r([)% ?4&5 ?ettw‘"i?54 SHIRSh "“E: Fnels (AP sandy euipud chmogls 492 or ce

t hrough the fl mgﬁct%'g aﬁdﬂﬁh olﬁertmutohmemme&ezzz R&Eﬂfamy,rtga iap.w to FIGs.
23A-E, a manifold sg ve faqr. a chanper, is nber 402 may i ncl ude

hqwn.
a manifol d sl eeV&™% S \PPHEPEh % %B{?P"mtc‘i‘fa?nﬁ@mﬁlﬂﬂ a’"ét"?lﬂ?a’gatmfﬁlﬁe out put
channel 442 in gdétve sazerAlwalativedf e Agpundaintlod4d m@lbe@u@uoﬁaﬂataﬁymmral ity of

| nput aper tur esal4ndé4the algl(ljglt?fdlgal.l ualrxfa"sl fIC)fI %e OlIlamOfU]dps eeve 4% U]E'l Ele preferred
15 embodiment, the input channel 440 is positioned between a plurality of output
channels 442. O-rings 448, shown in FIGs. 15 and 16B, are typically located at a
recessed edge 450 along the outer wall of the manifold sleeve 422. Furthermore,
o-rings 448 may be positioned adjacent to the shaft 402 and around the injection
orifice 419 and the ouiput orifice 412. The o-rings 448 provide a seal to prohibit
20  fluid flow between the shaft 404 and the chamber 402.
The manifold sleeve 422 is positioned in the chamber 402 so that

the input channel 440 of the manifold sleeve 422 is in fluid communication with
the injection orifice 410 of the shaft 404, and each output chamnel 442 of the
manifold sleeve 422 is in fluid communication with each output orifice 412
25 located within the shaft 404. In such a position, the o-rings 448 located between
the manifold sleeve 422 and the sides 416 of the chamber 402 form a seal which |
prevents the input fluid from mixing with and contaminating the output fluid. The
plurality of input apertures 444, extend from the input channel 440 to the outer




10 446 extendi ng between the input channels 440 and out put channels 442
respectively and an outer wall of the nmanifold sleeve 422. Pgefgrapky, the
input channel 440 is positioned at a mdpoint of a |ongitudinal axis of
the manifold sleeve 422. Alternatively, the input channel 440 may be '
posi ti onSYOBYO38MY point along the longitudinal axis oPCVHO2HHAT fol d sl eeve
422. In the preferred 15 enbodi nent, the input channel 440 is positioned
between a plurality of output channels 442. Orings 448, shown in FIGs. 15
and 16B, are typically located at a regessed edge 450 al ong the outer wall
of the manifold sleeve 422. Furthernore,” o-rings 448 may be positioned
adj acent to the shaft 402 and around the injection orifice 410 and the
output orifice 412. The o-rings 448 provide a seal to prohibit 20 fluid
fl ow between t heals btht mitifblddletvé 402, Chaidaies the Pltzalif v€ cntpn isfepthutls $deeve 422 is

positioned in the anber 402 so t he inpug, chanpel . 440, 0of the

mani fol d sl eevee’ﬁ?@%ﬁo %O“Fﬂuh?hﬂmjét)%%@%ﬂg‘?r&ﬁﬁﬁf ql‘fﬁma”t]ﬁﬁ SJeRYeEEE i on orifice

410 of the shaft 404, antheemsdifolduilgné 42hankiedd B4 @implehly witdnitieol d sl eeve

422 is-in fluid,co j,cati on w.th c ut put. orjfice 412 25 | ocated

within the shaf9mﬂ%§9ﬂhn°§ﬁgwﬂhmbﬁs%$i%%gﬂfﬁ@n%?#PééﬁwﬁﬁﬁnF%Eﬁ?ed bet ween

t he mani f ol d5s| eesker4QPcoarse thdiears maesoud Waysabd pbdiien Gleamdifold dé&kke 422r m a seal

which prevents_the input flui r m Xi Wit nd,cont am nati ng the

output 11t d TR ke @R SR il oE SR AR O TP

;:Eannel _ ;14Pdt oI ﬁldﬂbmdlfzagt E&rthhms_ ¥ orﬂ,fiﬂﬁilllﬁfuﬁ&’rﬁc&ﬁl lﬁ@?n@ﬁ‘flb’rdﬁ@ﬂs’kﬂ' tBiﬂ% t43 wal4l460f
e mani fold sl eeye . S ar e plur ) . rtures

ext end fron1them§éwﬁﬁ?egﬁaﬁﬁ Fi %%w?ﬁnfﬁgmﬁﬁ$é%wééﬁﬁ(g#;?#énﬁgﬁifoId sl eeve

422. The mani f otothnsinizetid viA2 sowceif inpat fudl. f it conpl etely within the chanber

402, once bﬂhh sides 41 ofiﬁhe chﬁnb r4ﬁ9%f av q§eq0£%§%%p d. 5 together.

tom the miernal cavi S Gl [} m
O course, ere are nurerous WwWays t9"post £ 61 The FanifoI’d sl Eeve 422

rel ative or proRiGaal5 164-B; lhad 398 ffluidlOb e thwo dlachbéred0dndes pluodity ¢y one of

ordinary skill ;in the art, Furthe r it Wl z,b8 . by one of
ordi nary skill ?ﬁmyﬁémﬂﬁﬁ © “%ﬁ%'h%$§¢ﬁ§eaEFEB?#%hﬁ%ﬁgg&gi&ﬁ@ﬂgcconplish
pl aci ng t he CCD:h4@Beriontpht chantel 466 twrthmiuipait aperivraidiZend tieo tregh &f shaftput | ui d.

10 F.r om the int Aﬁfﬂ%' thé c%\ﬁiettcx‘/ﬁ%’:llgs, %er% H}% ﬂﬁﬁ%gq)@ercoﬂe%%ﬁ 9 t}?eftf?iﬁhdo“
: ' ‘15 As shown in FIG. 15, the CCD 400 is conmected to the shaft 404
with a drive pulley 456. In FIG. 24, the CCD 400 mounts to a stand 458 and a
motor 460 is connected via a pulley belt (not shown) to drive the drive pulley 456.
The drive pulley 456 is mechanically fastened to the shaft 404, preferably using a
weld, an adhesive, a keyway, or other mechanical-type connection. The stand 458
20  positions the shaft 404 perpendicular to a gravitational force which is typically
accomplished by locating the shaft 404 parallel to the Earth's surface. The stand
458 is designed to restrict the shaft 404 from any movement, except rotational
movement, about the longitudinal axis of the shaft 404. The stand 458 mounts to
bearing assemblies 462 which allow the shaft 404 to rotate while maintaining its
25  position. In operation, the motor 460 is used to rotate the shaft 404 and one or
more chambers 402 atiached thereto about the longitudinal axis of the shaft 404.
The motor-460 is capable of rotating the shaft 404 at any rate desired by the user.
' In operation, the chamber 402 houses a chromatographic material,

positioned between the exterior surface of the manifold sleeve 422 and the interior




FI GS. 15, 16A-B, and 19B, fluid can exit the chanber 402 via a plurality of
chanber out put apertures 452. Fromthese apertures 452, fl uiglMagqm@és

t hrough a- chanber out put channel 454 to the output aperture 412 and then
t hrough the shaft 404 via the outlet cavity 408, where the fluid can be
col | ect eV@¥3¥3Phe CCD 400. 15 As shown in FIG 15, tRCTASRAGY is
connected to the shaft 404 wth a drive pulley 456. In FIG 24, the CCD
400 nounts to a stand 458 and a notor 460 is connected via a pulley belt
(not shown) to drive the drive pulley ﬂ 6. The drive pulley 456 is
mechanically fastened to the shaft 404, preferably using a weld, an
adhesi ve, a keyway, or other nechanical -type connection. The stand 458 20
positions the shaft 404 perpendicular to a gravitational force which is

t yp; cal l'y haCC()dffHJade%hﬁig dmﬂg@m.i m? fnlbier &30@fokeﬂ%4ﬁiﬁ&h@j:ﬂll@jz bélﬂa:;dhe Earth's
surface. The stan 458 i s desi gne 0 restrict e s t, 404. f.rom any
novenent , excep@“’f‘ 8‘&4&"”‘6‘%5‘?%& ﬁlﬁ’\ﬁg%?ﬁ“ and pf fggst ?Wecﬁi?%??épﬁ%?ﬁ %%Flregxi s of the
shaft 404. The gkand #4568 HRIG! 34,k COBaNE Ricalshcibdes assh#torvhafetyh al | ow t he
shaft 404 to rotate while maintai.ning jts. 25 sitign. I n. operation, the
motor 460 is usEpEipgent Ghagber f%e‘%gﬂ‘a’i“% ’ﬁﬂﬂdeatﬁa%glﬁ"é‘ a6‘8 Ay hp élmgﬁ%ﬁber s 402
attached t heg etyonah® upobiigends 6ixhé statidas inaxdestoallow e esdyaéhovdilsfthe The not or
460 is capable of rotating the shaft. 404 at_ any. rate sired t he user.

I n operation, tsﬁﬁldcﬂiﬁ%b'r‘%ﬂtﬁ?ﬂﬁﬁtu‘g%@beé %ﬁr E)Wﬁt%&lfi é’ﬁﬁla%g'rf?f%’rnfng t

posi tioned bet whgtbet N84 eprbeddsor terbbbariaf of heatnemiairodedt slbdey dor422 and t he

~interior 8 May 2006 MO 03/ 039702 PCT/ USQ2/ 36497, 44 f he chanber
402. The notor %‘8’,"”‘?%6&% vﬁe?ﬂergg‘-fs B el%f/ %lee}dfc’%%%ety?ralgt\?@gﬁl | ey 456,
rotate the shafdhadi®d wdeet dlfe klEader ci2 ohtndahe AdDmatogapileshatadl. rate. As
shown in FI 4, the 400 typical Ly includes shiel.d or. fety

cont ai nmentl_ chéﬁg}éefm%4 w@g%%a@e Rty &t%%ﬁeél“g%gmgeﬁ% “}‘%‘3‘9‘1’%‘3 hi nged or 5
bol t ed at oppoSiongcemdsngothe trbtetingt chadbedS 802 N Ae ke chatnberadl2aiw rbtated,easy r enoval
of the shield or saf cont ai npent _.chanber 464 .. Th hj. r safety

cont ai nnent cﬁéﬁ%@?ed%%i 15%81\55 h’e‘isgﬁ‘éer dﬁ%?ac f g?répzeylag?ﬁﬁlét??e%gg)ﬁt ai nnent

devi ce for nmi460,aheribpul) cavitg 406 tha ifjectien@dicad 10y te phsligefinpat apbriugdsd or safety
contai nment c r where.the chanber, 40 ont ai.n he..ch ogr aphi c
material. 10 FE@?’H&?W@,}’O{% ERPE sgﬁéasfléft%té/]u%fé t% glgnﬁer%rtéoﬁlltélc anber 464
protects irkdi vidddiallse pressure of the fluid may be monitored using a pressure gauge. The

injection elements 414 telease the pressurized fluid proximate to the interior

surface of the internal cavity 418 of the chamber 402 preferably located the
furthest distance from the longitudinal axis of the shaft 404.

After the fluid has been released, the fluid flows from the

20  outermost portion of the internal cavity 418 of the chamber 402 inwardly toward

the plurality of chamber output apertures 452 located on the interior cavity 418 of

the chamber 402 adjacent to the manifold sleeve 422. When the design of the

chamber 402 is a triangular toroid, as set forth above, the fluid injected into the

chamber 402 decreases in velocity as it moves from the outermost portion of the

25  internal cavity 418 of the chamber 402 inwardly toward the longitudinal axis of

the shaft 404. The velocity of the fluid is reduced because the cross-sectional area

of the chamber 402 increases in size moving from the outermost portion of the

internal cavity 418 of the chamber 402 toward the Jongitudinal _axis of the shaft

404, Mjecting the pressurized fluid at the outermost portion of the internal cavity



fromcontacting the rotating chanbers 402. As the chanber 402 is rotated,
pressurized fluid is typically delivered to each chanmber 4028 Nag 28061 nput
feed tube 460, the input cavity 406, the injection orifice 410, the
plurality of input apertures 444, the plurality of output a?ertures 446
and the 5’?"&?3&‘13?5%/ of injection elenents 15 414. The pr%‘g"g'ﬁﬁ"é’ @97 the fluid
may be nonitored using a pressure gauge. The injection elenents 414

rel ease the pressurized fluid proxinate to the interior surface of the
internal cavity 418 of the chanber 4024preferably located the furthest

di stance fromthe longitudinal axis of the shaft 404. After the fluid has
been rel eased, the fluid flows fromthe 20 outernobst portion of the
internal cavity 418 of the chanber 402 inwardly toward the plurality of
chanmber out put 4pef thirchamkn 202 positioedihefluidhe that itemid diffhsevibtopgldh8 of t he

chanber 402 adj,acent. t.o.the manifol.d sl epve 422 e he design of the
chanber 402 is ]?io"faitcinﬁln]ﬁaqr?iﬁ I?agergcff‘ed?halﬁger g@t Vig ﬁ?tphmﬁ\lgyo&ecﬁmﬁléo%ﬁi d injected
into the chanpeatdddstledransies: wertved 412) thy flakl frdvelauiwephfar diambdre out er nost

portion of the 25 jnter cavity 418 of .the, chanber, 402 | rdly toward
the | ongi t udi © it el 54 Bl chbpiingns 41k A 68F %“F@é%fg‘wbﬁgﬁ uidis
reduced becdus dahd dudetcaviiy 408 editre drdidanes colkted FemclinaiRI2408402 i ncreases in
size noving fromthe outer rti.on of i Vg 418 of the
chanmber 402 toward the h@%gﬁu {nBTHg @sndos%@?%dg @%gﬁi&éﬁ%ﬁ.fb nfecti ng the
pressurized f| whomatogtte bedifoevarioss bepufici mrposs. TheCTh#rmamylincbrlvaty 8 My
2006 WD 03/ 039702. PCT/ US024 3 7. 45 f c r tions the
fluid so that i a%ﬁll%tcoﬁp?sfésg?ﬁer g’ﬁg’ﬁ&?h%mp %gtﬁatgﬁjrg?gl Otﬁg%{)oglgﬁl}gt | eaves t he
chamber 402 vi ahtolmetophphical fubstions or pleeasiser out put  apertures 452. From t hese

apertures , the fluid_t o] I, t.p C nel 454 to
t he output4§%erture 412%§ﬁ%%¥ﬁ%%E%ﬁ%bggﬁx?%gggﬁgffmﬂggaﬁ?%magq?he out |l et
cavity 408, whehentrtsd03 logitel adarenbec ewiticet asibglersbafi 40de CCD 400. The CCD 400
positions and suspends Eﬁgmﬁﬁ¥ﬁ%&%§ﬁfﬁgggf‘géﬁﬁgFﬁ elﬁﬂﬁngﬁgggy bed for

various beneficial purposes. 10 _ a partfcles conposed
of - one or nor e izowpdnendisneenp athile npintpeing e Wgnsukn rionidelogdergpHP cal

functions or prAGeSARSs. .m0 MR bhenefoRMR: dhenfil?0edmy: i el ude a
plurality of
15  chromatographical finctions or processes.

Thus, the present invention comprises methods of separation of
target molecules comprising compositions comprising chromatography beads,
particles, resins or gels that are used in apparatus described herein, Many
embodiments are disclosed he:;éin, and combinations of methods, compositions

20  and apparatus are contemplated by the present invention. '

Ag used herein and in the appended claims, the singular forms “a,”

“an,” and “the” include plural reference unless the context clearly indicates otherwise.
_ Thus, for example, reference to a “compound” is a reference to one or more such
compounds and includes equivalents thereof known to those skilled in the art, and so

25  forth.

Unless defined otherwise, all technical and scientific ferms used herein
have the same meaning as commonly undersicod o one of ordinary skill in the art to

which this invention belongs. Although any methods, devices, and materials similar




chanbers 402 | ocated adj acent one another on a single shaft 404. However,

t he chanber 402 or plurality of chanbers 402 may be mcreasgmdy@()@ggarreter
while nmaintaining their triangular toroidal shape, to imobilize and

mai ntain other biomaterials or materials used for 15 chromatographi cal
functi ondV@P3§PBEesses. Thus, the present invention cobfF¥8EENet hods of
separation of target nolecules conprising conpositions conprising

chromat ography beads, particles, resins or gels that are used in apparatus
descri bed herein. Many enbodi nents arg di scl osed herein, and conbi nati ons
of net hods, conpositions 20 and appar a? us are contenpl ated by the present
i nvention. As used herein and in the appended clains, the singular forns
"a," "an," and "the" include plural reference unless the context clearly
i ndi cat es ot hergyieg@ivalend UlBose lakrited aspinean befied énbe piactica of eeingadtid’ is a
reference to one or. ounds _and incl ude Wiy val ents t hereof
known to those BV BP%%F?#QB%@P?W%%WS%’@amg?aggﬁet“ﬁ“’%ﬁnﬁ‘ess defi ned

ot herwi se, all techni calAlatlictérenhd patentsteentigned beein lagrisdorporated \herelvhe sane
meani ng as co un t ood t of grdinary.skil|l i [t to
which this inve trf“'%'ﬁmﬁ ?ré%d’é’rpoﬁcgﬁ e"?‘nm ar?@/dlr?%lf’%n for e %ettggg&gtr% mat eri al s
simlar 8 Mdy %ﬁﬁnéﬂ@d:ﬂ@i@&&?@& daébﬁbbdsﬁlzmeﬁﬂﬂl?ahéﬁs, (v«rlu@qmghtdlleemdlﬂo t hose
descri bed herein can nventi on,
the preferred rﬁ?f"hg“ taewpgeesgﬂh gﬁgq%nﬁed%ht °§ g‘lr&e ﬁuﬁ’g%ﬁlh g%&‘fsggagibm‘e

publ i cations anad ﬂammthmmar@preﬂd&dspbbnforah@ dislopnppriatoctlic filneedals by

reference for t |l e, the
constructs 5 S eRE B akel N Phath AL SMAR M el SlontATR . ¢
whi ch ni ght be mr@atﬁmlawnomh@m aptedete tish tisdosyreds sinné §f pfieiaYantidd | nvent | on.
The publ i Ca#dnons di SCUSiﬁgto%g‘a}{&rsto%ﬁ%af]!ﬂ{s%@mmsﬁobﬁmh% AR peribfiavi ded

solely for eir disclosure prior l'1ng date of the pr esent
appl i cation. Notdfhadgotye peforols, particles sorspeit, pob tragests scabrdi ek Ad Hat t he

inventors are ngty, lﬁé}t\}alty] ¢ds 11Q Bt SORIR0S BahhieREhISH uSed¥relt it Fddene0f prior

invention. 10 It 1s°to be understood that this invention is not limted to

the particul ar punesthridioicdys pasicsien é@b@moﬂ’érqﬂiyc pdgs netopterded & Wmit 29 r eagent s
described herei sdor Afih& Sresent invention which will be limited only by the appended claims.

15

Example 1. Formation of a Chromatography Bed
An analytical-scale CCD wunit equipped with a Model 101096
transparent acrylic immobilization chamber (total volume = 30 mL} was loaded
with 2 mL of 30 pm diameter glass beads (Cat. No. GP0029, Whitshouse
20  Scientific, UK. The CCD unit was turned on and a RPM of 350 and a flow of
50%-50% (v/v) glycerol — 0.01 M sodium phosphate buffer (ph= 7.0) was
initiated. The physical appearance of the immobilization chamber and its contents
could be continuously observed by means of stroboscopic illumination.
At flow rates below 5 mL/min, the glass beads formed a classical
25  packed bed at the long-radius terminal portion of the chamber. As the flow rate
was increased to 7 mL/min, the packed bed expanded to an estimated volume of 3
mL and became brighter by visual examination. Stepwise increases in liquid flow
rate from 7-12 ml/mm resulted in virtually immediate stepwise expansions of the

bed volume and an increase in bed brightness. Similarly, stepwise flow rate




such may vary. It is also to be understood that the term nol ogy used herein
is for the purpose of describing particular enbodi ments onlgMaz06s not

intended tolimt the scope of the present invention which will be linited
only by the a$)pended clainms. 15 Exanple 1. Formation of a Chromatography
Bed An ar%)?:f’ WP -scal e CCD unit equi pped W|th a ModelPCHIRY&49% r anspar ent

acrylic immobilization chanber (total vol une 30 nL) was loaded wth 2 niL
of 30.pm di aneter gl ass beads (Cat. No. GPOOZQ, Whi t ehouse 20 Scientific,
UK. The CCD unit was turned on and a M of 350 and a flow of 50% 50%
(v/v) glycerol - 0.01 M sodium phosphate buffer (ph= 7.0) was initiated.
The physi cal appearance of the immobilization chanber and its contents

coul d be continuously observed by neans of stroboscopic illum nation. At
flow rates bel @aadBodylxdknitad in bdde:ogiaam dpé appsaring inéagken. &F elb8pw #tes 25 packed
bed at the lo radlus [ fhae flowrate
was i ncreasednﬁ dtl? q]mqg ﬂﬁg% g@ﬁ&gx%gﬁvagﬂ%%nbeﬁfl mat ed vol une of
3 niL and becm-riﬁuus@mMmusﬁ%ewm@gla@d&msﬁadﬂlbﬂomﬂ%%%‘@ngﬁﬁr eases in
liquid flow ?hna%bera %‘sﬂorfm%daﬁgcfu?u{‘po&es‘“ ted in virtually i mediate stepw se

expan5| ons of d an incr ease in bed héweqes Simlarly,
stepwise flBw rate 8 My 2B0de wises3ho Bomepenguyof thspbsds ﬂ@egfl educt i ons

resul ted in bed gontlaghl B2t ARRPanE 0 dﬁzﬁglé@ﬁb 58458 (FA0W T at es

bet ween 7 and , there was clearly i on between
the short-radglyesrd ePfl Mﬁ@dléma?eﬁ?éﬁ%ﬁie -oéo)gmfigimﬁ ??‘Q‘F%"ﬂ(’]’légﬁ%s f1 owi ng

11qui d exi ti NGydfiey,CRARRET oin agpmmarmmmg amtoawamigomhtbeﬂ In order to
assess the hoanenelty he bed faornmed by the ned above, the

0
i quid medium M@Z@Qﬁﬁ@e@tﬂ@%@% eypether hudtpt ChQW"V%lé)F fl‘“ H (Lﬁ %sodi um

acet at e bufher yfiFaind) ookCooduting IS igflat i pgpass dbBadsl was_expanded

to an apparent vol ume 0 nm., denon tr&r] ﬁgg{ebfhleygg) ation was not
dependent on efnithide CEQfaFanVEWEnf‘%%{I“ prt £i§ Tglncc 10" to0 m

quantity of bufifff medh ﬁi%@ﬁnﬂ%ﬂ]ﬁaﬂd&@dhaxﬁ&dﬂ@a%erpﬂdem eobgeesdoff | owed -
the blue dye front as it migrated anti-radially through the expanded bed could be

observed. The progress of the dye front was very regular with no evidence of
15  channeling or other flow irregularities in the fluidized bed.

The ability to expand and coniract the glass bead array through
multiple cycles by means of flow rate changes at constant RPM and the regularity
of the dye penetration of the bed were taken as strong evidence that a classical
fluidized bed had been formed.

20
Example 2.. Ion Exchange Chromatography

The ability of a bed of 30 pm glass beads immobilized in an
analytical-scale CCD unit to exhibit jon-exchange chromatographic properties
was assessed in the following manmer. The CCD was operated at RPM =350 and

25 a7 mL/min flow of 50%-50% (v/v) glycerol - 0.01 M sodium phosphate buffer
(ph=7.0) was initiated after 2 mL of glass beads had been placed in the chamber.
After bed formation had been demonstrated (flow rate increased to 10 mI/min;
saw subsequent bed volume rise; decreased flow rate to 7 mL/min; saw bed
volume fower) a 100 mL quantity of 1% trypan blue in 50%-50% (v/v) glycerol —




into the CCD at 7 m/mn. After a short del ay, the entrance of the

bl ue-colored liquid mediuminto the inmobilization chanber gwsmyobserved.
The progress of the blue dye front as it mgrated antl-radl aIIy t hr ough
the expanded bed could be observed. The progress of the dye front was very
regul ar \WeB43872vi dence of 15 channeling or other f|BAI/VYEEY arities in
the fluidized bed. The ability to expand and contract the gl ass bead array
through nmultiple cycles by neans of flow rate changes at constant RPM and
the regularity of the dye penetrationgf the bed were taken as strong

evi dence that a classical fluidized bed had been fornmed. 20 Exanple 2

| on Exchange Chronat ography The ability of a bed of 30 m gl ass beads

i mmobilized in an analytical-scale CCD unit to exhibit ion-exchange

chr omat ogr aphi c 0§t dpeadivimephosphats baffs hseiD) iwas plhﬁpeﬂdlitd) ﬂmﬁmgohﬁmmm The CCD

S'aélc’&eéﬁé.eﬂmabh’oﬁas*‘%m Sl ot Ptk B S lon e e diesg) 91V 0RO
gl ass beads hadc®e Fﬁlvlifbd@ltOpﬁdﬂhélﬂghmmmrabmﬂbmnbéldhtﬂxmctiﬁmtmtm had been
demonstrated (fbRWcHAlS bitteaRPd %wlgbf‘wgﬁﬁé&& 0. @Qﬁgﬁg gk, bed vol ume

rise; decreased flow rat 4100 m,
quantity of 1% blrfgep@h-moh*éltwt@@%e@meklﬂihg glgsswéracrhyw& wiished 2886 \\D
03/ 039702 ‘PCT/ USAb3thd e B aDadidio 308! YBAORPRALE Al Lk Plna GReE 7. 0) wels

punped into the_inmobilization IS"SO utlon passed t hrough
the i mobi | i zat e FCOHRIFEE noy Pﬂéaféﬁ‘%‘é’ﬂo’dessc’éﬁ Bvitigeisbeg of dlassberdk wore a dar k bl ue

color. After abgmtd dHined vl Soladd Gy Soikd ?@QE pl aced with
50% 50% (v/v) gl k@ - 0.01 R/I sog‘? u?n %sﬁ@lesm&m fe “%?W&%? 0) without
the dye materi o™ or ¢ bﬁ‘ﬁ’é‘swﬁéaﬁe’%rqlwp‘%h@@l anhisgp the €GP Wa@fepmﬂéound dye for

an additiongl Ihit50%-500i#e glﬁ@:oiiqq"wl sédlrf?ﬂ/\hdeaﬁeqmﬁaﬂtpﬁws 0)0fAs fhize CCD unit
was now cl ear Rﬂﬁl{lco' or | s the. fl uidized bed of glass beads were still

darkly stai ned 9‘@‘“%]?7@3% @ambey, they plug gianenpctheyglpsg|badshan t hey

were prior to e t&5‘atﬁ] Ekﬂ:eﬁ/\mfinl, N fowed thedubl b bhdnibey i ifdnoMlideat o the CCD
was repl aced

glass beads were again clear and colorless to the naked eye. These resulis suggest
that the cationic blue dye binds with some affinity to the anionic plass surface at
15 neutral (and likely also at basic) pHs. As the pH of the flowing liquid is lowered,
these data show. that the increased hydrogen ion concentration in the flowing

liquid results in release of the bound dye into the liquid flow. |
Those skilled.in the art will now see that certain modifications can
be made to the invention herein disclosed with respect to the illustrated
20 embodiments, without departing from the spirit of the instant invention. And
while the invention has been described abové with respect to the preferred
embodiments, it will be understood that the invention is adapted to numerous
reammangements, modifications, and alterations, all such arrangements,
modifications, and alterations are intended to be within the scope of the appended

25 clmms




10 with 50% 50% (v/v) glycerol - 0.1 Msodiumacetate buffer (ph= 5.0). As
this solution entered the imobilization chanber, the blue ghmiy20os the
gl ass beads began to fade. After 100 nL had flowed through the chanber,
the i nmobilized glass beads were again clear and colorless to the naked
eye. These results suggest that the cationic blue dye binds with sone
affinity to the anionic glass surfacggat 15 neutral (and likely also at
basic) pHs. As the pH of the flowing liquid is |owered, these data show

that the increased hydrogen ion concentration in the f1 ow ng liquid
results in release of the bound dy&hAMsS the liquid flow Those skilled in
the art will now see that certain nodifications can be nmade to the

i nventi on jher ej fefing &r B8 RAM 3t RARER! cobfpritifle 111 ustrated 20 enbodi nents,
wi t hout departl ng fromthe spirit of the instant invention. And vvh| | e the

i nventi on has BEEPCHEESTHRAOEEATEY BaIFEhin: 2 deseicane (charplie inhp Serarifga force
embodi MeNifRld WHereh 4 J:onb@oﬁ@ﬂ@»{r af Phhid had mtch_@rel arm@e tWheR obﬁos@éﬁﬁéoﬁﬁdlfﬁgél

nuerous reatt Cﬁﬂ‘% nts, %fﬁﬁ ations, | terations, aﬁ‘l

ar r angenedPee elg gy F&t‘?%‘ﬁ@mn °§1°t°8’|“ﬁ’i“i‘?§ﬁ% Feulian }é‘?‘iﬁ’éa‘mﬂ%&“ﬁgo thin the
scope of chh&*saﬂﬁ%ﬂﬁlaﬂe pa?ﬁ'rcl&l ah&En ik fvkys A066mARY ikl . pa@udlmtuyahb for
isolating a ta ecul e r i Sk

ndi n hr omat
particles mﬂm%ﬁog %élée Vegtr%f?fﬁﬂér’?ﬁ Ph a%@mr%ieflaf“ullg}gfm?% e @%’ eg’r ein a
cont i nuousvhérbioveadf patidlé duindepgudesily euspended eithou d:ecmed\kfbmkuppqrpmmm trhe

centrif Ug?g'; atioh B &Bryfdal amaxtgﬂgmmg?%{'?fﬁm aVlobid 1O R Sﬁmg gtﬂ{l&é t es to

the resulfant vector sutmation o es acting on t artic

wher ei n t the densite ! shepsf Hsthedimiay bg ?ﬁﬁﬁbﬁ@&eé by [eanping e dPIee PHYNGIHT N ﬂﬁ’urmatl on
of the veﬁgrggesf orces acting on the particles, and farm ng a chronat ography
bed, ein each particle is independently suspended without the need for
support st r uctthpddings heewpenepusiiopid cepprisjpashatagermalacklél e to al l ow for
efficient eXp%%ﬁaﬁr%tﬁéﬂemﬁiéﬁﬁe%ﬁﬁguﬂf achicHs bl au&naogaﬂwbsheaﬁ ty and

shape of the bed e easi change changi ng the Torce raneter on
the particled) Tﬁﬁwﬁadﬁ‘enﬁfpﬂ‘aﬁét%ﬁ’@@é\‘ié%gﬂ?r%fﬂw 198 SPBPHERE M Bflget

mol ecul e, pekc€parati ng the heterogeneous liquid by the actions of the
chromat ography bed; and d) retaining the separated portion of the

het er ogeneous |iquid conprising the target

: 2. The method of claim 1, wherein the chromatography particles are adsorbent particles.

3. The method of claim 2, wherein the actions of the chromatography bed separate the

* heterogeneous liquid by adsorbing the target molecules to the adsorbent particles.

4, The method of claim 2, wherein the actions of the chromatography bed separate the
heterogeneous liquid by allowing materials that are not the target molecule to pass through the
chromarography bed. :

5. The method of claim 2, further comprising,
eluting the adsarbed target molecule from the adsorbeny particles; and
collecting the eluted targer molecule.
6. The methad of claim 2, wherein the heterogeneous liquid compnrises a purified feed stock,




nol ecul e. The nethod of claim 1, wherein-the chromatography particles are
adsorbent particles. 3. The nethod of claim2, wherein the agMmmp06f the
chromat ogr aphy bed separate the heterogeneous |iquid by adsorbing the
target nolecules to the adsorbent particles. 4. The nethod of claim 2,
wherein the actions of the chromat ography bed separate the heterogeneous
liquid by allow ng materials that arg not the target nolecule to pass
through the chronmatography bed. 5. The nethod of claim2, further

conpri sing mﬁk bbtda&gclkiﬁ&d&%ﬁtﬁxbﬁdrdr@ @6 broih| Beuif hﬁﬁu@ééhétb aeled LeRatE

ticl th raet mol ecul Th hod of
Clai m 2, WA BOHSOH e BAGR AEGUE I OPee BolaR G 24 of P FEod st ock,

8 May 20061i50e mnmq;mtfsw rbamua gdrerrimseat, m&mtarq:nannbeas Uyeast il Qﬁiﬁo@w&sb

bacteri al t at e ul |l i ncl die roducts
secr et ed fr%ﬁ%gg%%%amp%%ggs gndoklnglfleﬂ%'ﬁll Rﬁ)ﬁl' mgFoms & cu@'érF’l “2“’5 fmaf ssue
honogenat eseliofultisa brody m;ik, apigead 1issuE pERcHs,, plauniisyed ¢xuacrts phlawtvn cebrtasmanrast cel |
honogenat e t h,

nyel oma ce§ eml&ﬁe%ﬁéﬁﬁuv\% egla(@élllr%ﬁ‘Sl Wﬂﬂ cul @{I Jﬁa@%géuggln?d%a ti ssue
extracts, b‘?ddl*ﬂmﬂ%sue extracts, unknown source mat erials. chem cal
reaction mxtures, netal slurries, and culture supernatant from a
continuous_fl ui di ze bed bi oreact or . A nethod for performng

chr ormat ogr &phy A BEMGFIFEHoming) ﬁ@m‘ﬁ‘%‘iﬁmyﬂﬁ“@ﬁ%%mt ography particles in at

| east one chan‘ﬁ}?l&ontam@ &:ﬁﬁﬁatdgfdpﬂgabarﬁaéscxﬁ at 1dagl e chddbef RRRREILMAY Iree: an
inlet and T (IL)nut 2{ intr g heterogeneous |iquid to the chamber
1, e bt i e

t hrough t wherein a continuous flow of a
liquid acts tobrineaienga hema“rmnmhs Bquidop pleshamicheraghthe lidietgak lifod afamf i el d

d wh i . [ i f trib t,o th | t t
SUrmat + on D] spBl Bk AR e vt e iR i chibled Pt
subst ant i afidldjanid irerbin laigzeitgioeal Hered dootribsiedyy teheulisuvarst sm&naﬁonbfml forest Or

forces acti o dd Bl Wik nNBLEL RafAGnDALLLALS: 1. bAfaReRIGR! Y

suspended w thout e nee or suppor stru ren ry other
particle tgmaplneffls vecler forees atiing on p@smles,m:?dn &wh partids iohdepamiemhr ticl e

and the denglefdéd %gou?%fﬂﬁ'ed%r ﬁorp qﬁm m?é)sévhré OI%?EQ'QQ% LGRGRYI ng the

force parangter on the parti c col't assing through
t he Chanbé’l&i%ﬂﬂe’ﬂ’h%'wptarﬂﬁlséqf%ﬁs of Ihf-‘ particle and Ihe densuy and shape of the bed may be

easily changed by changing the force parameter on the particles;

¢) collecting the liquid passing through the chamber and the particles,

d) isolaring a target molecule from either the liquid collected or from the
chromarographic particles.

8. The method of claim 7, further comprising,

a) providing a second chamber; and

b) containing chromatography parricles in the second chamber.in a centrifugal force field,
the chamber having an inlet and an ontler;

¢) introducing the collected liquid to the chamber through the inlet in a liquid stream,
wherein a continuous flow of a liquid acts 1o create a foree which oppo.ses the éenniﬁzgal force
ficld and wherein a gravitational force conmibutes to the resultant vector surmmation of all forces
acring on the paricles, wherein the forces substantially immobilize the particles by the




d) isolating a target nolecule fromeither the liquid collected or fromthe
chromat ographic particles. S. The nethod of claim7, furtherggpgRoosi ng,

a) providing a second chanber; and b) containing chromatography particles
in the second chanber. in a centrifugal force field, the chanber having an
inlet and an outlet; c¢) introducing the collected liquid to the chanber
through the inlet in a liquid streamg; wherein a continuous flow of a
liquid acts to create a force which opposes the centrifugal force field
and wher eisommaginay ihe *bdufateshainpen ¢epatitiatit es to the resultant vector

summat i on of al, .C .actin th articles, wherein . the forces

substantial |y ‘li)r?ﬁ@%f"f%e@%]‘?uﬁ%paﬁsgnrﬁgfé}%%‘%ﬁ%ﬂioﬁ%&m?m}g’@8ar§‘ilessummti on of the

vector forces ¢ctsohgnmore turgetpaolkeiwdé efigm dditharoklice ditiind g cdlleged | quiidmpassi ng

t hrough t ; r and the particles, e) isolating a target

nol ecul e P&ggngg%?ﬂ’é% e liquid collected or fromthe chromatographic

particles. 9. The method of claim7, further conprising, a) providing a

second ch@nbermemog),fagﬁtﬁwg}%ﬁg{ﬁ@pt ography particles in the second

~chanber .in a centrjfugal force field, "the chanber having an inlet and an

outlet: c) intPBHHEInEG seed ehebroBeneous |iquid to the chamber through the

inlet in a |igicehaisih @AdmardMPh@pdiricksGORE i08HAURaA NP LlenBrlghiqutbdaact s to

Create a forﬁe b%ch %E&)ses the centrifugal force field and wherein a

gravit at i GEEPATSTRaXIng BRI FIABLMEL t he resul tant vector sunmation of all

forces acting onmiodeingamt irele@genewlReigaidnotihe cfagiberethiroudh Sticailet & b Yigigmobi | i ze

the particles b% t he urrméi on. f Idhe vect or forces, act i_ng](‘}on [%ﬁe

parti cl es ™ @ VoTTEE PR °Vf'anﬂqu‘ FE8 1 Fge P u Y Ao PRPOSS BEAE i ber and

t he parti fidedieldend wherkinta gnayitatidnalfoet campiberesioghd eodmmeivehiar subnetidni af ull d

col | ect ed . Q ' rtiches., - T hod of claim

7, furt hef()?(%?)farr%@?]g |Il % P %liﬁh’%eo ugl?Egr&ts%gbsg:dgﬁugc%nég?‘lzeqﬁ?@ g?‘(%lest %’eﬁ% hanber

t hr ough t frEvmatipieef thaveeion forged agtiag ongheparticlsy; col | ecting the |iquid passing

t hrough the s ; ' EE@Q ing the

i ntroduci ng a?g%%@g%ﬁ%dggég%%#w&g&%ﬁz e e?anl@)n%g anount of desired
€) isolating a target molecule from either the liquid collected or from the

chromarographic particles.

10, The method of claim 7, further comprising,

8) introducing the collected liquid to the chamber through the inlet in a liquid stream,

b) collecting the liquid passing through the second chamber and the particles; and

¢) repeating the introducing and collecting steps until a prederermined amount of desired
product is collected.

11, The methed of claim 7, further comprising, changing ar least one force in at least one
chamber to affect cither the density or shape of the chromatographic marerial.

12, The method of claim 7, wherein containing a chromatographic marerial in at least one
chamber comprises containing the chromatographic material in a plurality of chambers.




product is collected. 11. The nethod of claim7, further conprising,
changing at |east one force in at |east one chanber to affeghRidopgr the
density or shape of the chromatographic material. 12. The nethod of claim

. 7. wherein containing a chromatographic material in at | east one chanber’
conprises containing the. chromatographic material in a plurality of
chanmbers. 8 May 2006 52 13. The nethgd of claim 7, wherein the

chromat ography particles conprise, an adsorbent naterial; a resin; an

agar ose pard.i ClT@: nthéd bf Sl@nPRr Wherdif the @Rrom@Bz By TANERS BRI E, £ adsoree ; A
bead, plastics, gl.ass, nmethacrylatg, anionic particles, catiaqni

particl es, o ? HRFtF AU Pﬁﬂﬁéof’é ica Ef‘é‘?‘f‘i’@? ©a exeberge st 8 efat ﬁ?a@# es,

hydr ophi | i glagrie; telasd, aBethdciyipee cninxiehpangites D satibhic | faficlek, OpoiRapariclg, n@pdlki cl es,

si ze excl usi ON P rtiglbe_s %{‘3" affhicri %.chrocﬁatlo raph articles. 14- A method
for i sol atrigrs eisplioeit palid pihvrplioCameliE Bt RePheh® ealst amAagar 11 ol os
i n at | easpartgive sizh ewvhsion paticdesoe affnitf dogmbatdeaphepanfdes] d wherei n a conti nuous
flowof aliquid acts to create a force which opposes the centrifugal

force field and wherein a gravitational force contributes to the resultant
vect or sunkfat i drmeifod firlisolating xpreremctampysins t he particles, wherein the forces

substantial l'y jyngahi "gzau&l%@fzog?ﬁy’hwg&lﬁﬂ& Yo U8 o R Ba oot YRG! OF
cles, and f d,

- forces actindg on _the parti , and formng a chronatograp é( |, wherein
each par t i Reldewheseh heragmytAew ¢ & ligid il cipte lsdorce whish aprogesfilesy ceawifiselr t

structure finge fig1@hlWiRfeil Pg@ViRfidnaP iR cof@ids ¢ Bie tRuBh] RWMof Qmnelibi 64 ANt
exposure to all ;surfaces qQ article and . The density and shape of the

of the p _The den: (

bed may bdOEHAHELIYE BRETE: HYereindhs Breeesubamaabt mmabiize pie papigles bEithes: b)
addi ng a hehesnpgafemusclor Gitbdd RMN6H e HGmiolef 208 ForihingCd cRBRAbALILY De@ne or
Chr omat g ARy BEPTIHG PR AP eCamoN df B5) (FORPEBHBRFURY t he
prot ei n. Ydariod eeevent died patficlCioaillowlfdy effidien edposurd® alichifesofrhe pdmicle and

chr omat oggﬁp@{%ﬁeﬂd%ﬁ%gr&t& ngem sﬁégtﬁi I, from.the glregttero eneous | iggui d. 16.
" The nethod o aim 14, wher e1nf gaf'ﬁﬁalfyo%%%?ﬁ/ artr T & Kfsor bent
parti cl es patiidles; The net hod of C aim 16, wherein the actions of the

chr omat ographyb)g%guog?%qlg%h E’ﬁoﬁﬂﬁf"gqgﬁ‘%ﬁ%%%g"%s | i quid by adsorbing the
S p S. )

protein to the bent "particte: et hod of C aim 16, wherein the
actions of the)sthawieg ogr aphere pedioge phitha thatetopameous liquid by the actions of the

chromatopraphy bed; and

d) retaining a separated portion comprising the protein.

15.  The method of Claim 14, wherein the actions of the chromatography bed separate the
protein from the hereropeneous liquid.

16.  The method of Claim 14, wherein the chromatography particles are adsorbent particles.

17.  The methed of Claim 16,'whercin the acrions of the chromatography bed separate the
heterogeneous liquid by adsorbing the protein to the adsorbens parricles.

18.  The method of Claim 16, wherein the actions of the chromatography bed separate the
heterogeneous liquid by allowing materials that are nor the protein to pass through the




het er ogeneous liquid by allowng materials that are not the protein to pass
through the 8 May 2006 53 chromatography bed. 19. The nethodg &fay@oasm 16,
further conprising, eluting the retained portion conprising the protein
fromthe adsorbent particles; and collecting the eluted protein. 20. The
met hod of O aim 16, wherein the chromatography particles are

i mmunoadsorbent particles. 21. The mggthod of Caim 14, wherein the
chromat ography particles conprise, an adsorbent naterial; a resin; an
agar ose pastkdnghagiaphy il i ca particle, an ion exchange particle, a gel; a
bead, plastics, glass, nethacrylate; anionic particles, cationic
particles, polar particles, nonpolar particles, hydrophobic particles,
hydr ophi | |19 paﬁ‘ham¢thxslof[3iagamﬁl fﬂﬂﬁi’mnmﬁmmrtl cles, ion-pairi ng particles,

si ze excl usion ro h ar cL 2. The

met hod of C ai %B%ff%e&%%?‘%@é\o nm ltisinrgog ﬁgg‘}’ggﬁ“@'g %ﬁ%&g%% € eé‘san f eed
stock, tissue C@lﬁftlm&élﬂEIU@ﬁQmmml reaction m xture, stock broth bacteri al
honogenat e, bacterial |ysate, E. coli inclusion bodies, products secreted
- frombacteria, yeast, insect, aninmal, or plant cells, or tissue

‘honogenat ¥ of Te{fa‘@%‘hﬁ“i‘ﬁ” Clyipnlf, wheisiiebe chramtteaatphy partipka e imetuheadsopteast  cel |
honogenat icle¢! l ul ar  honogenates, hybridoma fernentation |iquids, nyelom
cell culture, animal cell culture | | quids, mlk, animl tissue extracts,
pl ant tissue extracts, unknown source nmaterials, and culture supernatant
froma comti numdsndtodiofCras 19 Enekdi® he aerb@tography pAriRE Bafhrisdran REHFREM N
chr omat ograﬁgﬁb conpri si ng # cont.ai nin %romato raphy particles in at
least one TEHHE FPnaLAERNE PEASIE 4 Silicp GPRgermdpyscigs ewlifbet MR Ay a

i nl et and pasicauglisst metbjcrylaer adardd particled) afirnily pABALS phiag Yatlicles ﬁdﬂ@olﬁhan‘oer

t hrough t I i n.a continuaus f.l ow

i qui d ac bl Fharbfiofl ' dhfied 1l °Bﬁﬁ%ﬁ)§hg Tiefha e ERbe PRrgsFs i g el
and mherepmnelcsgnm@l@qumaakleﬁ arafiniyohibmatbgrythy pbricltdie resul tant vector
summation of all forces acting on the particles, wherein the forces
substantially imobilize the particles by the sunmation of The vector
forces acing Toamethed pfffltimclseshereih Bre ditropaetus bauid cahpistss feetiopbndent | y 8
Vby 2006 56a0USRERAEadoh el BEKGE oerid WBROLharS WalEhH Tfiale M 820 T 0N tO

every other par
inclusion hodies, products secreted from bacteria, yeast, insect, animal, or plam cells, or tissue

homogenates of bacteria, yeast, insect, animal, or plant cells, yeast cell homogenares, cellular
homogenartes, hybridoma fermentation liquids, myeloma cell calture, animal cell culture liquids,
milk, animal ussue exiracts, planmt vissue extracts, unknown source materials, and culiure
supernatant from a continuous fluidized bed bioreacior.

23. A method for performing chromatography, comprising,
a) comaining chromatography particles in a1 least one chamber in a cenmifugal
force field, the chamber having an inlet and an outler;
b) introducing a heterogeneous liquid 1o the chamber through the inlet m a liquid
- stream, wherein a continuous fiow of a liquid acts to create a force which apposes the centrifugal
foree field and wherein a gravitational force conmributes o the resultant veetor summation of all
forces acting on the paricles, wherein the forces substanrially immobilize the particles by the
summation of the vector forces acting on the particles, wherein each panticle is independently




efficient exposure to all surfaces of the particle and the density and
shape of the bed may be changed by changing the force paranghgk 2006t he
particles; c) collecting the |iquid passing through the chanber and the
particles, and d) isolating a protein fromeither the liquid collected or
fromthe chromatographic particles. 24. The nethod of Caim 23, further
conprising, a) providing a second chanber; and b) containing

chromat ography particles in the second chanber in a centrifugal force
field, t hesﬁmdiﬂeﬁﬂhwhmgpearﬁ)ri smbpott saurdrain raladdnab evety oihétt;raﬁidwlb apvE i’me

" col l ected r in str
wherein a %fgﬁﬁt%u%ﬁgg?f ‘gﬂf%l} g iaéc'%ﬂ%% o':ﬂ’f:ls(r?t %g@ap ?g’g%\ﬁﬁ pposes
the centri 'F‘?&WF‘“YFIEP@%EWF @Y%P&ﬁ@em@mlegr avitational force cont ri butes

to the resultant v E&Tect%lé'?}i@%i qmég{n a"ﬁl’“gh&@“ﬁﬁ’e%{d‘ﬁﬁq’gﬁﬂg g’ﬁ]partl cles,

wherein the forces ubstantl aI sunmmat i on
of the vector forc 158@!‘?&1@’6?‘7‘%@?@1 Hderhediquish Cﬂlfl‘)ﬂeé@r ﬁelvttherv@rmh@gdaplqul d
passi ng t hsaegh. t he second chanber and the particles, e) isolating a
protein fromeither the liquid collected or fromthe chromatographic
particles. 25. The method of Caim 23, further conprising, a) providing a
second chaltber Themethdd)of Chavh aB,ixtl@r @ipaAsRY, ogr aphy particles in the second
chanber in a centri he chanber having an inlet and an
outlet; e) |ntroduc§ﬁg%flﬂ%a§gcf”éqg'8§¢f&@ﬂ liquid to the chanber through the
i nl e: in ? | i q;\llqﬂ d b} remaning whemaogra;ﬁymtliesnu?ﬁ? sédo@ﬁN]fIanlbgr ini zg%n@@t sto
create a R aQF ugal force field an erein a
gravitati ona ?lorc(eé con fr?aﬁlg%tays}ﬁ?a&faﬁ {llgfsul tant vector sunmmation of all
forces acting on t Beingaducing|thescolladiet Euid worke fambestheupts thariblkaiclayliquidnobi | i ze
the partisgdgs wgéfe!ﬁgeozﬁﬁ’lm&lb _f Qfl%ﬁctﬁ%le@&EaQJ fopcre%ﬁ]?ctl'l%g)ds% n‘g—ﬁ%ﬁlber and

particles; d) IIectlng t he |qU| passi ng rou Second
the parti Goeih %9*1 ivdwTein 4 ergvimtionablorse gortyihuns & mheqsunanevqumnunmn bixdit ed or

fromthe QiEQ@UARARpaSesMAYer2096 farePAbhbib RS imedid e IRihedy ofe G aim

23, further co
ummaulgﬁ o% tﬁe vc%tor forces acting on the particles;

d) collecting the liquid passing through the second chamber and the particles,
¢} isolaring a protein from either the liquid collected or from the chromatographic
particles,

25, The method of Claim 23, further comprising,

a) providing a second chamber; and

b) confaining chromatography particles in the second chamber in a cenrifugal
force field, the chamber having an inlet and an outler; _

¢} introducing the heterogeneous liquid to the chamber through the inlet in a
liguid wwream, wherein a continuous flow of g liquid acts to create a force which opposes the
centrifugal force field and wherein a gravitational force contributes to the resultant vecror
summatioq of all forces acting on the particles, wherein the forces substantially immobilize the
particles by the summation of the vector forces acting on the particles;

d) collecting the liquid passing through the second chamber and the particles,

¢) isolating a protein from cither the liquid collected or from the chromatographic




a) introducing the collected liquid to the chanber through the inlet in a

liquid stream b) collecting the Iiquid passing through the g n@oghamber
and the particles; and c) repeating the introducing and collecfing steps

until a predeterm ned anount of desired product is collected. 27. The

met hod of Claim 23, further conprising, changing at |east one force in at

| east one chanber to affect either tge density or shape of the

chromat ographic material. 28. The nethod of Caim 23, wherein containing a
chromat ogr gpidle. material in at |east one chanber conprises containing the
chromatographic material in a plurality of chanbers. 29. The nethod of

G aim 23, wherein the chromatography particles conprise, an adsorbent

mat eri al ; 26. regwme:amag:amsze ﬂkﬁfettcﬁd miising Silica partl cle, an ion exchange
at e ani on

par ol o, “catt oni O gareiftuE® opfiPin TpiT i u et fedek e AR B & fioad

hydrophoblstrezpartl cl es hydroph| lic particles, ligand exchange particles,

ion-pairing partigle | WS ity chromatography
particles. 30. Thecdr)reéjh %{g% l?e @Sﬁ Hi 23%%%3%#%?%@%&’ ‘Q‘baﬁ%ﬂ% ‘i{‘%qui d
conprises a purifi edrdpeasigg the fekycing and wellcenitarseept yiid & peletbmirel ambat ber i al
honpbgenat ejeciR@apl@ididlcolika@t e, E. coli inclusion bodies, products secreted
frombacteria, yeast, 1nsect, animal, or plant cells, or tissue honpbgenates
of bacteria, yeast, insect, animal, or plant cells cell culture, whole

ani mal celdy. cutﬁctkh@hddammmzwhhherm i@l o ﬁ%ﬁﬁ@%ztﬁ&%@ﬁﬁé@m%{ @5}&0 e! ssue

extracts, nown _source materials, chemcal reaction m xtures,

culture s l? Lo ZHEC pitsnihe densint ar st f the Glvomagmphie malshelr eact or .

28.  The methed of Claim 23, wherein containing a chromatographic material in a1 least one
chamber comprises comaining the chromatographic matenal in a plurality of chambers.

29.  The method of Claim 23, wherein the chromatography particles comprise, an adsorbent

- material; a resin; an agarose particle; a silica particle, an ion exchange particle; a pel; a bead,
plastics, glass, methacrylate; anionic particles, cationic paricles, polar particles, nonpolar
particles, hydrophobic particles, hydrophilic particles, ligand exchange particles, ion-pairing
particles, size exclusion particles or affinity chromarography particles.

30.  The merhod of Claim 23, wherein the heterogencous lquid comprises a purified feed
stock, tissue exiract, stock broth, bacterial homogenate, bacterial Iysate, E. coli inclusion bodies,
products secreted from bacteria, yeast, insect, animal, or plant cells, or rissue homopenates of
bacteria, yeast, insect, animal, or plant cells, yeast cell homogenatss, cellular homogenates,
whole hybridoma fermentation liquid, myeloma cell culure, whole animal cell culture liquid,
milk, animal tissue exiracts, plani tissue exivacts, unknown source materials, chemical reaction
mixtures, and cultore supernatant from a continuous fluidized bed hioreacior.




