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CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains priority to
and i ncorworeanswoby reference in 5 its entirety, U S. Praerdisonad49No.

60/ 344, 745 filed Novenmber 9, 2001. TECHNI CAL FI ELD This application
relates to nmethods and devices for chromatography and conposition used
therewith. 10 BACKGROUND COF THE | NVENTI ON The goal of chromatography is to
separate materials. Chronmatography techni ques are used for a variety of
pur poses, fromresearch in basic science to purification of
pharmaceuticals. The application of 15 chromatography techniques to
production | evels work r devi ces are
scaled up to the lar geﬁlsﬁfrglgz)gﬁgﬁgwforlﬂghg%ng?g&%%ﬁ)%%ﬂgi ol ogi cal
product production, nost nethods and devices work i nadequately. There are

many different pd&% O35 BP ﬂg{? Ps, materials. Sonme of

t hese include pla8 er a@%@@%er c‘&f?flEona ggra&ﬁ§§1§et hods, 20 col ums and
resins of all types, hi ghllps gpdivateniciagus priciy ©raatl agompiss tyxplarededinbed
techni ques, and.revers hase. an e I t hods, exanpl e, the
first stage Sn S AU tt’j’(re[f 'gi %3%’1?818 gg\gooé@é%ggsoﬁggpﬁ%fegﬁﬁrsg’f2 r'5 glin a fernentation
broth, whether frommcrobial, plant, or animal cell culture, is capture
of the desired i.n [ the broth. A typical nethod for acconplishing
this is to use é[%r(%gﬁgéi“g{lb t material in an expanded bed. On a |l arge
scal e, the expanded bed upes appiidiisar delaper at | ngtHodow ahfir alsglaed héorbed and
the flowrate is restric%edﬁscy i ncreas { Vi g{fzosity, the density of

chr omat ogr aphi ¢ “HPTEPSERESAYLEFPOYHY BREDPEIEY of bi nding of the desired
protein to tjge adsorbent. There are also only a few adsorbent materials,
such as beads, tha e presence of only a WO 03/039702
PCT/ US02/ 36497 Ez“é%@ﬁ@&)ﬁisaﬁﬁﬁﬁﬁﬁ?ﬁg\gﬂ@l bi ndi ng groups, particle size,

and density of the particti@ goal of chromatography is to separate materials.

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 use 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 restricted 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



Addi tionally, the colums used to performthe chromatography often becone
contam nated by bacterial or fungal growh, or blocked due to cellular
debris. AWDo0308970hese problens | ead to a sl ower process wPCH/USex364omt eri al
isolated. 5 The nmajority of processes for produci ng pharmaceutical or

di agnostic products involve the purification of proteins and peptides from
bacteria, yeast and plant or animal cell culture fluids, or extracts from
tissues. Usually purification plants use“nultiple unit operations,

i ncludi ng a nunber of chronmatographic steps to ensure the renoval of
inmpurities and contam nants. The 10 type of product produced and its

i ntended use w | i g d 1ficatlaon d Ea step in
t he recovery pr of{é‘g g%p%\ﬂlmﬁf ﬁnétﬁb?g@%ﬁh@ﬁ% g%&gsr’ Q)FIIEICIG pS ?Zg’céel{sasdeggg'i %ﬁléengafﬁgff

i ncreasi ng oper adddggivablly; ¢t solamus pragiceserformehe amdmbipgabko oftealisiong | 0ss i n
product vyi el d. f ul ' nhinat i f i tabl e unit
operations duri %ﬁt?]ﬁgmﬁgg’g%&%%gggﬁ%%@% e ﬂé)téblgﬁlée%ﬁi&r%goeére 84‘“ Csl?%élps)'s Ar11leeded.
The 15 fewest paddichd molerns ksdiorngplete pecess frathdest hetenmistolabd.i ci ent way of
reachi ng hi g@ process efﬁileci enc agp | ow gﬁo%r_s in t.henﬁl%/er al Impg oducti on

11810, TOCESS TOQUCLIL rmagceufical or
process. Mst currently uSed ﬂ)ro%ess % i AVolvVes i'pie St ePs of

processi ng whi chiigddstic oproéhetc dsbbie theopsifohtiqu ofl pedteiandndf peptiddpfromt uni ti es

for contam nati qara]l'te eY Ote)| ggsdi ﬁ tl gr0|rﬁltnialo<pellocful nr%tf?ri(i:lsalo§ btez%;sn oi r}ist fég:
earliest stages, *&0¢h YT *AsPEMali #1'Cat fon tof ™ a T eft AT ron”Brdtior an
initial tissue Honslijepirdfgbti@nplantSthisndattgld edhopecptioss, fimludigmwambaf ofcel | s or

debris are centrifugation and mcrofiltration. The efficiency of._.a
contri fugati on SPEY ReeRae e sarer dea i ab o gt B! b EPERE T Ret veen
the particl d9 angbet be psaducioprodiiceg hihd)utis dintededl Mses #aB i diytateothet aerft eefdst ock.
Al t hough m crofi] t.hga&i onen$6§ y]%:aelld cel It free slol utciec%nsil %t}gee hlleuxV 25 of
liquid per unit o deeiet Hash GIPiR B AHYTE RFHS Bl WS dodiiElly t he
filtration proceasscesshafitienty @findrbding cpe@tiodal cats aid predely Anesanid Hyaatsot her
probl em that significantl dds Op{ah operatiopal cost. ;Sﬁhe nbi.ned use
b “cent 11 f ugat | GReER P RS Gl PR PREURD &5 RO BRG B beBEb R or
the use of conpapaiatiote|drih@thgelesigiphSe GAYSddagE the Gihbér OABlepLRdetiddal The
expendi ture gnd frecurre&%costs for e%%fi Fg@nt V\OgOSI 03970§ PC%'I@',/ Ui{o / 36497
3 mai nt e_nanc1 1PV BYSPESRIPEE T SEPHATTT EXnPOH LB MR QS 'FGEE 8% oduct
degradati on. process efficiency and low costs in the overall production process. Most currently
used processes still involve multiple 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 initial tissue homogenization.
Standard techniques for removal of cells or debris are centrifugation and
microfiltration. The efficiency of a centrifugation step depends on particle size,
density difference between the particles and the surrounding liquid, and viscosity
of the feedstock. Although microfiltration may yield cell free solutions, the flux
25  of liquid per unit membrane area is often dramatically decreased during the
filtration process. Fouling of the microfiltration 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 comparatively large

units causing significant capital expenditure and recurrent costs for equipment



What is needed are nethods, conpositions, and devices that allow for direct
adsorption fromcrude feed stocks that can reduce the tinme and cost of the
initial wWOepw®3wb2purification. 5 An alternative to met ho®€TafsS02/36497
clarification and packed bed chronmatography is adsorption to a resinin a
stirred tank. This technique is often wuseful when recovering the target
substance froma | arge volune of crude feed. This nethod has | ong been
used on a commercial scale for the isolatPon of pl asma coagul ati on Factor
| X with DEAE Sephadex. A mmjor drawback to this systemis 10 that

wel | - m xed batch adsorption process is a single-stage adsorption procedure

and requires nore_.adsarbe eye.the s deqr ee of orption as in
i 11 - stage CRTTIAr o ey Brdbd SERalT R 00R OEHSE R BRERER, °
very wi dely usedwWhecismegdeel drormdidk, smpasidivnspnnd sleadsotht albw 6fr ditehe t ar get

nol ecules in a fluidj.zed bed.. Thi,s techni que can_.elimnate t need for 15
par 1 cul at e e PE B R itn G REDR SEEARERS ot PR e er Py
years for the retapeerpurificadort i bi oti cs includi ng batch-processing techni ques
for recovery of streptomycin_ and sem -cant.i nuous .systens for .novpbj ocin.
o Fror di 280 bed. | Chante PRGRYE  BurBiRes o dER R B g e e Rt net ve,
and is simlar tdré@ndiedraghy ipidaceten for @sif t & sigkd tatlk . Thineclaiqglieoften

equi librium stage | fluidi.zed bed decreases 20.the efficien of, the
Sasor pti on br ocdbetdadet FENEE Brdres ok der ARk Pt SR 5 | ng t he
medi a, ineffici ertis wesbd hg Ipigieetinee $n aROminRRlA aSEfoPthe (@ &Sibin gf plhdnive.
Approaches to solving.these ohl v een trie many. techni ques so
Chot ot ui o zedopeiIdRGonEy B B AE e a i SO ED BT R o 25
packed bed dhr oritogsIRRINE] HERE a8PRItRAPloMEES SERERk@L idefp@n plesdaad by
insertion of a nunber of plates with sujtahly sized holeg into the

t
adsorption col TeqUyiTes ATh AFSORS R BV il BTe cIegHE OFf BATNPR 4 Bl%s and a
magnetic field m@rstdghemhilkiwial)padefancncrlpuirad ssechustdodraphst abilize the

bt Asubstential stelrly Cot ot oL b, ned ues potnered el g mopet
out at snall | abkps ak@t hokealbLmaTthi® sl UeRd THR tdcBAdd &S eliminate the need for
15  particulate removal. Fluidized beds have been used in industry for many years for
the recovery of antibiotics including batch-processing techniques for recovery of
streptomycin and semi-continuous systems for novobiocin. In a fluidized bed,
channeling, turbulence, and backmixing is extensive, and is similar to 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, causes the need for
re-cycling the media, inefficient washing procedures and increased processing
time.
Approaches to solving these problems have been tried 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. In another approach, magnetic adsorbent particles and a magnetic field
over the fluidized bed column are used to stabilize the bed. A substantial

stabilization of the bed was achieved using magnetic adsorbents but the



conplicated and expensive equi pnrent. Anot her approach uses agarose in a
colum equipped with a liquid distribution inlet giving a plug flowin the
col um. WWen3wsse expanded beds were actually used with ®CItusp®3649f 5
proteins and cells there was some inprovenent. The breakt hrough capacity in
such beds, expanded by a factor of two, was very simlar to the

br eakt hrough capacity in a packed bed. wever, low flow velocities had to
be applied to prevent the bed from expandi ng too nuch, which resulted in a
| ow overall productivity. 10 Problens also occur with the particles used

for separation. Many standardly used particles are not sturdy enough to
w t hstand t he wej of I I or can t.hey..wi t hst and harsh
chem cal treat neéﬁ{? %E%%nésd%%%a%%gé)ﬁl?ﬁg%%lﬁga%gr&%y 5???? 2(‘:ngl Sﬁ%{r%nsg upl'heequ%%lscki ng
mat eri al s or resionplick¢de pndoexgtessivy equiprnere. disothe appeach iusespigaaee id:
procedures, harsh,buffer conditi.ons,. and.changi.ng buff condi tions.
Additionally, t he en ?qrug)p%(?(;‘fvhh%i,lquﬁg %llsﬁlgfm%lrmgggi"%% aﬂ#i‘)% 58 %%e Cohtani nat ed,
ei ther through bacterial Bfhef thegalexgndat beds overd hetodllyhusad ewtiuhturenobf
material on the particle resins and that |owers t efficiency. This
feaul res expnarips o5 §isal S Mnf Sep ot adfh bl kipeEf b

equi prent and t heath dsduegnadd Uyhafactdhef tR0, wad uerp shasr be de bredktitrnegh to a
good, reliable working conditi.on. Therefqre,. a need.exists .for ens,
Torhods . and deViREdy dndsogie s AAPGrE® o P PRan i gl Rl ated b
overcone the praghtens teebsd b hexpandinge fdol yhutls edhichraoridogr apby eevilces. |t
is preferred that (fuch systens, nethods, and devi ces be capabl e of using
chr omat ogr aphi cHtEEHRT ques and 25 resins or materials to isolate and
separate bi afaterial s ar epbeik aibSctirdth ®E butitlentdey forasdParwidnh Newer
production costs. SUNVMARY, OF.THE | NVENTI ON 03/.0397 PCT/ USPD2/ 36497 5
The present i nvegltf’t“gi‘)r W‘?eddli’%“é";,[‘fseaae Py s yh%’a\gl\g’a"ﬁd”lgié‘iﬂ“gé@ VT Bg‘f- £e
conposi tions forcoh@paba hdtGanfdy ividkabd RgsDEIRIRdE rbahents af@bcabsmigy ot her
materials. In pa{lt{)cul ac[, the present invention conprises devices that can
cont ai n the beds and columns.

The 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,

eithef 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 used chromatography devices. It 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



particles wi thout the need for support structures. Preferred nethods and
devices 5 are described in U S. Patent Nos. 5,622,819; 5,821, 116;

6, 133, 019w083830617; and ; and U. S. Patent Application ROF/USID326, 566;
09/ 870,928; 09/773,027; 09/788,991; and 10/153,161; all of which are

i ncorporated herein by reference in their entireties. In general, such
devi ces when used for growh of cells are_ referred to as "CBR' or
centrifugal bioreactor. When applied to the separation 10 and i sol ation

t echni ques taught herein, the devices are collectively designated as "CCD
or centrifugal chromatography devi ces. In general, the devices of the
present | mvent on ol S5, nREL: RS HRER: OheRg Al LA oo 2P
i mobi lized wit hbmpchadsﬁselfcﬁ separatired ahd 1eblét51gcbitbhmtehullg,alchémledld alvhotlha
liquids, with or_ wtho any gas,_phase(.s) i.n cont act uids, are
flowed into and BYFa% U]%‘Wégﬁﬁlgh@éerpé?seﬁfg%ﬂ%an HEtErT flesv 103? tehag? eCrO gt Tinto a
t hr ee- di nensi ona}Jart&nersaMt}mﬁt mahéeiddbleﬁl,ppérhmwl:am&. tBrefofrednkibbds siddietieesmi ned by
the particle SI nS| ens| a

conbi nat i ons “of ar%é?ﬁcﬁg?dl ’a\lb‘pé Eatflét 6]222%%’ §g21 %&u?ngﬁﬁlﬁ%ﬁg@hd

angul ar vel oci t yanef I’QtaﬁﬂUCH]Pa‘r&&A’pphaamoalNcErOmn6§/5€66£()9h)870;9ﬂ&rﬂ9/7781ﬂ)é7bed
materials are nat d .chanmbers, but i_mobi li zed
in open chanber 509{"@%%93; 36’@ 18ﬂ33’? éﬁvhégb éecg’ﬁ?rpa'ia%eﬁi‘leleﬂsbyvﬁefeﬁenf%él ot her

di scl osed enboditAEintestiefiest hiis geﬂeﬂll&d‘mb]h Qlﬁwcésh@hd:mﬁiedwfoﬂfgmh rd'femtls fateuid into
t he chanber is one f rce t counIengJ ances e cen trltéllijl?e or ce

exerted on the H@@“ ey SRR o SeRligel PoEeasisr ¢ Mo aaPled ﬁegariitﬁopt he open

chamber. Usijmg aanaummiohqah@lﬁueée@igaf héraﬁcms dedces Gk dlRctb@padebignadd as
mai ntai ning partjcles or ares in a nber to forma bed with which

materials are sefaratBgeRfefusy ¢ F’&W&fa@ St echni ques. All standard

chromat ogr aphy techni quesin lgéiﬁfaﬂdhdﬂge‘hbﬁs dfoﬂhe |p|rd§b1iteidvdn€ion acgprifeticesl ion
exchange, size separation, affinity chronatog excl usion, |igand

VO 03/ 039702 PCRPRRADFes6ins £onigining  HispmaostaRiy P’%&%h% BnePhnBRIER Sphase

partitioning, ar&a&gsefelsmsnoﬁ b&is @ﬁi@h arbNighnEdbiIoRR L wigiR RRMIBM @foudkes itsed in a
CCD i ncl ude those materials used.in .chronatography nethods, and are not

limted by F}ér t “@p@ﬁfgahﬁ?lﬂ wﬂls}e ]d‘lPédSt Witk g1 Witpput any gas phase(s) 1n 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.
20 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
counterbalances the centrifugal force exerted on the bed materials to immobilize
25  the bed materials in the open chamber. Using a summation of 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



wei ght consi derations. Methods al so i nclude | ow, nedium and high pressure 5
| i qui d chromat ography. Such nethods can be used for analytical, sem -

pr epar at iwe opioswesses, initial clarification, preparativePCirlusozasdson and
process scale applications. The chromatography systemis easily created in
a CCD and thus, dismantling the systemfor cleaning, if necessary, is also
easily acconplished. In general, the nmethods conprise addition of a desired
10 chromat ography material to the chanber Sor chanbers of one or nore CCD
and formng a bed or chromatography plates by running the CCD, adding the
liquid fromwhich the target nol ecules are to be separated, and collecting

the isolated tar nol Accor di r‘i%l t r esent
A

t ecul.es. he.. nt i nventi
conpri ses net hod& ¥ E%i r%ﬁr%letdi 1636 HateEr |hé?espa(§§trlr%rn}gs ieur‘lg’guS evi {glees&gDohpri si ng

one or nore CCDsThhihlebmatsgraplyomuesdld iedsinfaoCCBhimclved dgreaplaeriald eediresent

i nventi on may be _under st qod re readily by referen t he foll ow ng

det ai | ed descri p‘fl’F%’Plat?g’f?ﬁ%é'd’é‘gﬁ?‘ilé’r A l}ﬂ\(thf%'ﬁ% YR 10%?%%%5&%’ Ei“e’l R T on has
been descri bed wifhtr @hsidentest dMshesi flicindrtiailds, atdicarndi g2 Preesuizodi ment s
thereof, it i ot .jntended that such details shoul d he regarded as
linitations prozlm{ K OGP 'hegfl%\/él?‘fﬁ?ogﬁ.ca?h ° &t Bgl tagg?ﬂcgf ThHe
references nentjenedivlpiesteq iftidl eadhyationCReRodtat ddirdtion thepocantdaet i es by
ref erence. BRI EF DESCRI PT%HEN OF THE W NGS 25.FI G té A I¢1(aéraé s the
process of an apBRRSAIGES of G RRTEMARgTaRlY; YHem s e2sily reeted nia ¢ERAPANSN of the
mat hemat i cs govedighdiilitd e §BleindBr @daning, iPasdeiselypisdlie ehdly bbwnpfifhegt of

gravity on that particle when it is restrained in a .centrifugal field that
is opposed by a liquid fl&w gWabSFWSQ%{?O CYPURGS/ Cf‘ég@?n ‘7tf A Ggesgeqes an
iI'lustrati onof (ghli’&nz{t@érh'ﬁﬂyaﬁiterﬁﬂpttd 0 cBimeerPalchiBbess bRl or thdie CTMaid ai Nt s

of FIG 2. FIG 4 is a mathematical eval uation of the | i lizatio
conditions at a [ryEs abedi hromategpaphisplates ﬁ”&ﬂ’éﬁ%/@? ?Wig‘gg %ﬁéﬂ‘i‘b of

centrifugal forcgsmandc IheWirget molecules are to be separated, and collecting the isolated
target molecules.

Accordingly, the present invention comprises methods for isolating

15 materials 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 to specific details of certain

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



velocity forces in a rotating cylindrical bioreactor chanber. FIG 6 is an
anal ysis of the balance of centrifugal forces and flow velocity forces in
a rotati gowandwetr biocatal yst inmmobilization chanber. FlI @CTUSIY3@&NT
illustration of a three-dinmensional array of particles in 10 a rotating
coni cal biocatal yst inmmobilization chanber FIG 8 is an illustration of
the inter-stratumbuffer regions in a Eee di nensi onal array of particles
in arotating conical biocatalyst |nnob|I|zat|on chanber. FIG 9 is a

mat hemati cal analysis of the intra-stratumflow velocity 15 variation in a
t wo- di nensi onal array of particles in a rotating conical biocatalyst

i mmobi |'i zati on chanber n

coni cal - shaped |nnDb|I|za§§ éﬁqw%HMk%'g%%%%&'og%@gmgl%ﬁn I |oﬁgbﬁh|ch
det erm ne those FIG 11 is an analysis of the positional
vari ation of théh%gagga USEFK?gnd f|OMlve|OCIty forces in the chanber of
FIG 10 at a flowrate Of s a 1na 1ematlcap3e%7fljlgtlol of UlQZI qno 9112at1§1 FIG 12
illustrates a systen1accor ' vari ous énbodi ment s the T nvent i on.
FIG 13 illustrates..another s stenlaccordlng to varlous enbodi ments of the
invention. 5 FI GORHORy 3t §P@3¥ €8 et another systemaccording to various
enbodi nment s t he i nvent . r.ont ew of

accor di ng vaog ous enbodi #g‘ﬂtsslsoafl alnégmq Wgﬁi’?lﬁlf?e Ogl @“g sogﬁsdaniié%’v%how end

and side vi ews of anber of accordln to the enbodi nent of
the invention sHﬁ%ﬁ“Vﬁ“ﬁFé?afgﬁ“ﬁfﬁgénfgﬁ oL 8mi§§n§)leend and

cfoss- S'eCtl On'al vi ews OT % lS 11 Ofc ance O %grll’tg%h gl fIOI%ESt‘&Il“| nbOdl ment
af5a ?ﬁﬂs A &

of the invention shown in

velocity forces in a rotating conical biocatalyst immobilization chamber.
FIG. 7 is an illustration of a three-dimensional array of particles in
10  arotating conical biocatalyst immobilization chamber.

FIG. 8 is an illustration of the inter-stratum buffer regions in a
three-dimensional array of particles in a rotating conical biocatalyst
immobilization chamber.

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

15  variation in a two-dimensional array 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 which 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.



FI Gs. 18A and 18B show end and cross-sectional views of one side 15 of a
chanber according to the enbodi nent of the invention shown in FIGs. 15 and
16A- B. FIve.0309%0nnd 19B show cross-sectional views of on@C3iube2sd49t he
chanber according to the enbodi ment of the invention shown in FIGs. 15
through 18A-B. 20 FI Gs. 20A and 20B show end and cross-sectional views of
anot her side of a chanber according to the enbodi nent of the invention
shown in FIGs. 15 and 16A-B. FIGs. 21A afd 21B show side and end vi ews of
a portion of a shaft of the CCD according to the enbodi nent of the
invention showmn in FIG 15. 25 FIGs. 22A and 22B show side and end vi ews of

anot her portion of the s t.,of, the CCD.accordi.ng . to the e di nent of the
Mventi on shown in FIG 10 BelsGsgrostpetr s s Risl st R Db o 0
show si de and cribsBwasiohi onal views of a manifold sleeve of the CCD
according to the enbodi rregi of thﬁ inventi(gn shown i

strate nothe stem QCFHE; 05'v FiIOG' 24
shows an end view of a cdar AR TAFIBuS ' ER e ABSH ENEs GO he
i nvention. DETAIdntHodinlEnRIfBiEliNntion.general , the present invention is
directed to thods for [solating materials . using devices described herein
and conposi tir?;ns conpri si h@f % ﬂg%ﬁa SS ot BRFET cﬁyg[gmf 8e° Cﬁl?%ﬁ%tvoa&mé\sphy
t echni ques. The dnibeaintdnafGeritenpbat es the isol ation of one or nore
rot ei ns o pepti des. fromKerHot ArFSh Brothecsr of F s SeRIPACALO D
chem cal s from chefsig@htsrof@ctihenton. ANy materi als that can be isolated by

chromat ogr aphy net hods can be_isol ated by the t hods, devices and 15
conposi tions descri bed heFEC?Sn}G‘gﬁH‘?Eﬁ%Sl?%%‘Wﬂ“ RS N G R O&Fhet he

description 1(of SE8GkotdEngBIRS drabcintént S1EORBRIBH SRJWA hgehnisIues.

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  of a chamber 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.



Met hods for isolating target nolecules, simlar to those currently used
for isolating nolecules, conprise using one or nore of the devices

descri bedwolengirm2 referred to as CCDs, centrifugal chroneCogrsapbssotevi ces.
The present 20 invention includes, but is not limted to, nethods of
clarification, filtration, single- stage adsorption, batch adsorption
absorption nethods, ion exclusion chromatography, normal phase partition,
reverse phase partition, polar separatioﬁs, nonpol ar separati ons,

hydr ophobi ¢ separations, hydrophilic separations, |igand exchange,
ion-pairing, size exclusion and affinity 25 chromatography nethods. For

exanple, the initial purifjcati t or, steps of isglating a t et

nol ecul e begi ns by adsorp%*%na%ﬁgéﬁﬁﬁgbPgﬁwyﬁ%g$ﬁ8xﬁngéﬁvgh ﬁdﬁﬂ?g%gd of
adsor bent posi tideee ofvike [IOD accofdihg #rth® embalideld iof therinwhtién stoamt inMIG.
material, such a fernmentation broth, a tissue extract or a chem cal
reaction m xture,”the WD 03/039702 PCT/ US02/ 36497 10 starting material is
general ly clarified or atri®as shdva g€ dpariéw Wfad €L AMLcir@pUedvario®t andar d
t echni ques fg{ renoval of %eLIs Qr debris are centrifugation and

mi crofil trati‘on. SHpdmensiof fRedeyPaiim 4 centrifugati on step depends on
particle size, density difference between the particles and the
surrounding liquid, and viscosity 5 of the feedstock. Wen handling snall
cells, such as EPEtéﬂﬁﬂ)Q#SQ§§PFI nogenates, snall particle size and high

viscosity reduce the amoupt g@herdlRYIRS ipdserd Niabertiah ibedired®@diol heBRE for
centrifugation and often nmakes it difficult to obtain a conpletely
particle-free |ilsRIFEe REFHAS PIRgfeviRes HeWEbet Rerglh 30 cOBPISHIOSE CORPESRE in t he

art and suclp mehiRslendcCERidRS fulsaﬂolﬁatbgapﬂyqe@qu@éspm@rlmsazrn;da& ceHdmpieP Where
concentration 10 of target nolecules | s needed. Alternatively, )
centrifugation cBfiBBlrEY ey nisye shealfs GaEPeens dighr AteENCIlE Beeyialrhe

crude starting nREgnkabolfRn depRRHRdot feplidesChbnURRRkIIA REBPAAkkYE Step,
where for exanple, a bed of size separation beads are used to hinder the

noverment of | ar g&frasthoepheaniaply from plenyead Feaptings nmempigrialgfal ean bergolated

materials flow tiy @h&gﬂlafoggaﬁlgﬁ nRRols RRRCES $okdS b Rhe IRetlQisORERLER &ndOl Ution
that can be further purifie gﬁgzchronatqgraphyz centrifugation is usually
T

conbi ned wi tl® fiqompasitiens dagstif eig, p the invention 1s 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, filtration, 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 chromatography using a conventional bed of
adsorbent positioned within a CCD. Prior to addition of a starting material, such

as a fermentation broth, a tissue extract or a chemical reaction mixture, the



as mcrofiltration. The nethods of the present invention conprise use of
CCD with pretreatnment or post treatnment of the material by centrifugation
or filtrawDmao3wbeps. Filtration includes filtering nethodsTasOngp4ENDr anes
and filters nade 20 from known materials and conprising pore sizes
conprising ranges from nanoneter to mcron to mllineter to neter sized
pores. A nmethod contenplated in the present invention is adsorption to a
resin. This technique is often useful mhéH)recovering t he target substance
froma |arge volunme of crude feed. Methods of single-stage adsorption and
bat ch 25 adsorption are contenplated by the present invention. Resins are

added (0.2, 20 Wit NGB YT 58T RURTREAIIS 0 PLAPLILAS) el oL

coagul ati on factSismgiantd tdnhﬂﬁmE foSerpinadaéxof WDisO 8¢ @B&YsOBrePM@aﬂoﬁGzﬂtﬁi? 11
The CCD and net hods .of .t he pre in entlo f.or adsor ption
or batch adsorptqnﬁf?ﬁi?aéloadﬁﬁte ’@8@'3 oV & ﬁ%%lagﬁf?l’c%%% ?%g?r&‘bl Ry*““net hods
because the r eSid’enﬁfy diffétellicehbeﬁlveafaﬂ'erpaﬁicleﬁ and the s&ﬁ@ﬁmg&ddﬂdamhdscom}t hdr awn
fromthe CCD,. by,. fo { [ speed.. Once a 5 batch
of liquid has beiiP %ﬁﬁ?‘gﬁaﬁp{"ﬁ@l aé’ﬁp %allb"éﬁ%s% ngv%lh é%eg‘ hoREhBsa of ¢ he
sane type or a curﬁaliquaﬁme tiypendi sgadidedity &dh&wthél@ﬁoam’td)fmﬂmﬁs ghat) cancClan
continue. In other.nethods,..a | oop system can o retur iquid
t hr ough the bed U8 r“beﬁcﬂacl‘?ntgi%atﬁnwgidt BB 1t ‘%ﬁfbﬁ“ '@WD%&PH@FE P Yar get
nol ecul es from thgicld-freplihid. AlentrFugadindthaliart koo thmb gkilled in thh@eandche
target molecule is re ved from10.the %@%tld and is aéfaorbed onto the bed

material, the |iyehBefhedysagdhedsdprids g2 109,07 g 47 Stey CORGRAE P eam | f

the bed mat g alothagetmbREg&tis ﬁﬁ@éd@@mﬁﬁteﬁﬁﬁ%p&ﬁnmﬁfgﬁa@oﬂ tant hradeplasedvignt ed,
the bed material is either treated within CCD to releaﬁ)g ebound

target nol ecul e, MEhodsHE SpRAPLRR ETBR C4D- cyhe ‘E)‘Bder SSve Paferighiae

treated to remvechhsediah@RpaBtdp, Q/herlaffoﬂdﬂ@nﬁ@%dfoﬁﬁlg@fiepﬁﬁﬂuﬁﬂitb& i's not
want ed, 15 the bed materjal can be cleaned within. the or removed from

the CCD and cl eanB¥dde hiiedhs gerpment apisgmpighalp iy te g@ﬁ‘&% gefegal Brils ar get
ol ecul es i's ads@faptd Be@ls 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 microfiltration. 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 to micron to millimeter to meter sized pores.

A method contemplated in the present invention is adsorption to a
resin. This technique is often 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.



the target nolecules in a fluidized bed. In sonme applications, this nethod
elimnates the steps for particulate renoval. Fluidized beds are created in
a CCD 20 wp oasseht i shing a bed material in the CCD by thepPsunsat/s@n’ of the
vector forces, so the particles of bed material remain suspended in
substantially the sane |ocation wthin the CCD and then flow ng the nedia
havi ng the target nolecules through the d material. There are a |l arge
nunber particles that can be used in the thods 25 of the present
invention and in the CCDs for separation of target nolecules from the

medi a that contains them For exanple, agarose support particles have | ong

been used in chromat ography,, FAAQHS 1 IR ﬁle@&r%ﬁ@%ﬁ%ﬁugﬁ'f@r&ﬂ g-&gg@ts

. 1%
based on anorphous silica have al so been use ese adsor ben e denser

than agar ose- baglsoptids or bapit sdsofption piveadyamigeens beadtagiaze chnablogsrbshi s
material to WO O ét‘ﬂ&?J%%caﬁ’sCéT 4hle’58§fl3&4?tﬁer %Ex} exRang Lo L{thasﬁﬁ!zﬁde%e%c?e as
a e f e herée i's no

beds of agarose beads conpar a ow vel ocities.

linmtation in theithirese fivmi thy 0D, by foogxamipts, thapeaing fhepartipr fpeed. uSed as t he
bed material . A ' Y eqd | t r hy

met hods are 5con aé%;cfﬁa{{qggq?%?@ehgg%qﬁ@hg? Iﬁg%lgs 1%%%833?%%@”@%£%g§pr esent
i nvention. 5 Parsaneltgs drhaliffeme tipalsiadéd th dre @EP tand plosgssingragebntmikebul es or

for particular i di t,j on e al t e t e t
| nventi on. Ae. usoiiarBRR s bl pRltalsRdspE R SIRL MR B IRERELY
the steps involmed than bhe tipredo essirotomslek atinmgnl tdf dargetrigeltcums| feaultke  For

exanpl e, steps f.clarifyi ar,_centr.ifuging stock feed broths.i.s included
T ot aton of TE Ry irE iRl Bkt (Al fRle BPTReedg I the
process of ildbl atht tiguid Bhé isprdegksisas thajed materiaytha ditjnil ésygtotessed id aCPE

ol ecul e that | 5ofaES Blch BBl 0 10 TR b by B bISHEEES BBl aos, o
the present inveaito onha dpaited tprbepanatizion edlier isabdtvithin theofCID a5 gbdase
ol echlee by Onc et OIS, RO SAD be.Bet.nd M diallon 12
ot her separat i onirdaedhoireutas tiergeppasaatel If thEbeurdrtagessolsdubfs S@Rvaaed,
ggggﬁ&ng? :Tglljgned&)g%maag%af cg% b%lc&]eglrlgd v]:/ir‘élglrlntl% (flélr)sotr r%eg ?’rrg)mbt e fC%q) Ialgl °a
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 long
been used in chromatography methods. Commeroialiy 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 to



This system can be used, for exanple, for a nethod of treating | arge
anmpunts of liquid in CCDs, all of which conprise the sane bed material, so
that all wboBla72D |iquid is treated at one tinme by nany @CD4jSol/se4eit her a
serial pathway or a parallel pathway. Alternatively, a nethod conprises
adding a liquid conmprising a target nolecule to a first CCD having a
particul ar bed material, having the liquid effected by the conditions in
the CCD, and then adding the liquid Ieavilr?g the first CCD to a second CCD
having a different bed material. For exanple, the crude 25 feed stock is
added to a first CCD having a bed material that provides a sizing function

and renoves | arger terials such as.cells or _cellular debris. . The Iiquid
| eaving the firs XPE%,O eas\zlt}nﬁéle%reeeeahs 8%St033gaorﬂset?§a SEE PR le}cﬂr)get%or“f ‘éﬁl%c,ltleﬁb | onger

contai ns as nanyTleed is odimiagomincthe medehtinaentide forithe gge of padticits prddass theo bei ng
exposed WD 03/039702 PCT/ YS02/ 36497, 13 to the bed material .. Thi reat ed
liquid is then 1‘3%6(‘} Tafg?r%c)ﬂ-'a %B%rﬁge %@b?ant a”tsecillgssméﬁargggmﬁﬁéogfa?@f mfﬁ‘gés acts as
an ioni c exchangeae coitemplars edommedchiodis methed sialc éssden @f sliecprezaninbentjoar f or ned
on a large t.of starti. terial uch as stock or broth terial,
chemical r ea???gl%’émg‘?s t%%t s[pF%Iéﬁ%ggg%QagbcP?,r %%?eq ﬁﬂ‘iaf(i% Seorsf?le‘&aéﬂ%’#ar % i cation
or isol ation cancoagitipey freslsecbntedththitdd 9niad prysentingensibar ti ng materi al can be
fed into one CCD in a cont,inuo l.oop . in order to provi.d |tiple passes
of the heterogeneous |iquid uS?/‘gEer?lﬂ’ele‘?I%tbqna? i%%rge})imogeéb r‘ﬁ‘gli‘dr%aﬁré’?élﬁ al
(particles) contsadpladohet i thetphesvdioRiing®the Cdigethesicutzl RohexanfpleDstepsn this
way, a particular, target nol ecul.e can .be thoroughly removed from 10 the
starting materi a‘?f,clia\mﬂ’&%mi “é’é’(ﬁ’gﬁlﬁn@ qucgaf?e o ﬁﬁ)]ﬁ Cé“%‘f‘{ 1 15p1g6qn qidiedatget

obtai ned, d0 t h@oleéuld)igthetlly abthedre atep th 1B proBMa BE BElati®L, €Mt dtoSessddiBay

chr omat ogr aphy materi al S]B%gded to one or r{D nclude all, known types

of materials used P#H Bffr f‘b@rt%{ﬁ?’fym?lé%f’&aggs%‘ggﬁ Ifl eclArtng jpatetiplo OBt ysed in

packed bed or expan@sdnpaskecFptnifStionnst it RMshelBH b Yians: fip@pbsesper f or mance
| i qui d chromat ography col unms., The choice of material added to _one or nore

chanbers of the CCDs is dMediods e Bysehdvettiopcrmygtifpatenaralipn osiselptions _
ti ssue extract, &hﬁgét%@dledhﬁaﬁf' b orMokd UCBs OTheStOPK e RtBed BMYidRAIBP{OCESSI N

steps, and the target nolecule or nolecules to be isolated. In the methods
of the pre Séét serial arrangement or i parallel arrangements, and in combinations with other
separation techniques 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 treated at one time by many CCDs, in either a serial pathway or a parallel
pathway. Alternatively, a method comprises adding a liquid comprising a target
molecule to 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 having 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



i nvention, because the CCD contains the bed materials by a conbination of
vector 20 forces and does not rely upon either a support structure or the
ot her bedwoaB@sd7et s to hold the bed materials in place, ®owarseysi4on of the
bed materials does not occur |ike that found in conventional colum

techni ques. 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 |inmitdd by 25 the same considerations as
t hose found in conventional chromatography and the present invention
contenpl ates such novel uses of these materials. The present invention

al so conprises nethods and. conposi tions.of buffers and e t hat are
known to those % fd}eﬁ’é’g n?ﬁiler’taﬁ eﬁgf F?at?fﬁlcb‘gfﬁ?geﬁfﬁgﬁ%ﬁ E%@]?(/5 éé@ggmt ey 20

benefi ci al aspeakq afatdriEthfiraes@fhn jonv edheidr.i S that the CCD is easily

mai nt ai ned. In general, the chromatography nmaterial, herein referred to as
resin, gel, bead, or bed Waql‘ésteil%ﬁﬂ,“’df”son%E@FTVné&tﬁB&m’t b P%g’ne?é%ae &5t
chanmbers t hr oughoanfsirstartinphBatB@d, sush £sGt03Rdr biyth ran®ig, dkimekl katioser
rotation of the chanber 5 to the desir?%#%geed toﬁ%i6|d th i and shape

needed for tRe pifts Slrds aBpiPeatss CaEBHBT KRN CBt %‘f Elﬁr%?efﬂléii‘ors of

force, includi ngygdxtnal@tihd dtimih@shateal caf 8O Eddi ihte@ak O aea cidiguduonen of the
medi a streamand gravity, allow the particles to fo[nlg bedhin t he
interior of the iREeHEPraYIde FUItEtePasice PEIIA Delgragensart HEpd ove the isoldigndent | y

suspended in r e'&%&ﬁ&hﬁhg nRWSEY(pRBIRE) cBiRthihéCWRhifthd @SinBer of Bhanbatslopwse 10 for
efficient exposure to all surfaces of the particle, no packing of the

particles, no BeR f B¥ WresPareuisr BrckmeleaHs cimbe Harorely &noYre AR nt ai ned

Wi thin the glamigs startig® nlabdhl, WHELQeddS 11 Qe AQHRMhI A kQgkt Afoldchie oBRMied, eXiting
the chanber with particles. By changing the forces, including the rotation

paranmeters, the 9sartligidesnpgpleped olgmspigd PplsEREd from t he chanber i f

necessary, and the enpty ¢hanhehso&RthyReictRlseheRNsdnobr BbRIddDszsdudeor
anot her run. The particles can be recf%,arged or cleaned. while they are

mai nt ai ned wi t hial keesvne tyapbef msferipls spbel chipwaioedrhn fechyded: PAERIY, t he

chanber. The forges CLEAlREkddbdiNg eSfandttbatohs DR Wit hleliuhn@d Giamber to
formquickly after addition of the particles, which are generally added
with liquid.l5 performance liquid chromatography columms. The choice of material addéd 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 preprocessing 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 upon 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.



20 Once the preferred force summation, including rotation paraneters, is
reached within the CCD, the bed will maintain the desired density and
shape. Shwolod/o3gpocessi ng steps require a different flow pFasovscsvhe
target nol ecule through the bed, the density and shape of the bed is
easily changed by changing the force paranmeters of the CCD. One CCD has
the capability of providing a multitude of 25 different chromatography

t echni ques, even wi t hout changi ng the par1t41' cle type. For exanple, a CCD
with sizing particles, at a particular force summtion paranmeter, can be
used to initially filter a fernentation broth by passing the broth quickly
through the bed so that only |large materi.als _are.retaine f exanpl e,
formng a | ower density béd%gﬁfgfl 2 er‘ﬁg Oﬁithﬁh%ﬁ?seﬁ 8%61&@& 1§ddsla(§q¥?1acéabohsl y large
WO 03/ 039702 PClhtisQR4imawhed Inlfenaml, ere cht@naargeaphe hateniel] herBherefeaed itcdse bed i s

easily cl eaned by .washin The sanme. .CCD can th forma.nore dense
particle bed by %sé‘?’rﬁfnd?egﬁl’e?re MRPugl; Eneaélﬁ'da&d(%gg? A Er?ban?bgf de Cgaélp)éﬂrrset ers
that allow for |pREE a p&t eTieibad ist fhiftedly, dnheg beegtices,molagonbithe chaiber CCD

met hods and conposjtions .overcone.the problens with packed bed. .

chr onat ogr apﬁy, tﬁkﬁj‘f’ &eHregy FRiPh g° éﬁ{%‘éﬁ}lgﬁ{m SR P3PS 6]ﬁefde$htlér gléecﬁ@awulﬁred is a
depth filter, angplidaiisn. i The BmdhagxCethertionalf faed, ivudigy baeof anit@ant i cul at e
matter. The smaller the packi media, the better it acts as a filter.
Bonded resin cdieﬁﬁﬁlgﬁla@%enée %ﬁ%?%? gedip st ?P‘gbqy Vl?’oglioé’veﬁlﬁpﬁ?lffr‘?b%ocer tain
sol utes, but arepmh §®ed Gn Gapiakkier of theahahbyr g et 0D wisrpanatt sartdle ihe

sanpl e indefinitely. These retained .conpounds nay sjgnificantly decrease
col urm ef fi ci enddcaeflently gispngpd {p refagion Hreé’ﬁ‘é(r"ﬂteélpémﬁf? ‘}qﬁ‘ésnbgﬂﬂf’rﬁu‘?‘%s not

taken then tjgre BigrBReYpRLR WaB bt Tihd fagicls ab ﬁz!iﬂltiﬂg&afﬁlwpaﬁdlésmoa short
time. Columm maintenance 1s a constant expense with attendant Ia‘lfz)qr costs.
15 The CCD does hie QW SrastraptaLlsmes ang the satfieles 31 ARSIV TYR DA RYE:

because a changesyight e fbCOnaMmTBS MhPALANBLELS e RAB¥RANG fahiRldd] St ance
bet ween each packing particle so that the each particle can be flushed

clean on all sudf @%gé*é&i.ng Aprd forsesnBeinging jthe 1otadiop PRI elie PTEFleS trlcie
contam nat ed W tdyqiad@ee dofBinedhahber it N&cRAGK bR (H¥BGI) *hsmieancdaebeasi |y
flushed out of the CCD . .

15 cleaned or sterilized for another run. 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 forpe
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



20 chanber and new packing material added while the original packing
material is cleaned or recharged, or the material nay be cleaned or

r echar gedwwaiosise10z he chanbers. The chanbers of CCD can becwame2/s¢40m any
sturdy material and therefore are resistant to harsh buffers or materials,
maki ng them easily cl eaned. Exanples are provided herein for applications
of the nmethods and 25 conpositions of the present invention. These
exanples are for illustration and are not> to be seen as limting the
invention. The invention conprises separation of nolecules using CCD, and
any separation techni ques that can be adapted to a CCD are contenplated by
the present inv i ses., conpositions
conpri si ng knomerg%)tgr?%]s arF [Pet@ﬁédt Et}lctl)%/g%% IE@ the i on§%B§/ 3}%@%

PCT/ US02/ 36497 16CDgkn Fﬂ@mtﬁonha mlylpecknsmmmdafaerbby being ulnff@mtlrytaﬁmedmbecause
\C/)\];]e:, Iemoﬁlgt Iccc)gsolorf)ersatuggqgrﬁ% gar%gllé{% dglgg I’ (g o1af?)£gelrcla ee%,ltcé)rhs tus lélt a 1%%%%{3{"’ pl e
CCDs or chanber smaleailal so i nt ended. Were partl cul ar conponents are
described, itz is understo t vi du nt s res ure
level s, resi nS or particl e??y&gg métplods an 001}]%0516%10115 ?vercr%ci: t?l? prob ’ble Wiy and
rotation paranetmrkeddred chﬂﬂnaltagaphy,nghﬂeoprbhémg rwmﬂbmtcnepzambnt hrame pokel

conbi nati ons of dhese t er nponents are in_the en

i nvention. As us® deli’n[g f%er %lt Sed Ce% Sht 5° ggctlﬁg &1E° Gosré"c?rt%uﬁ%

i nt er changeabl y mated Thm:dnwdier mayaqkafgtnmihaeﬁqedfettasmtaets alasﬁltehaBomﬁm rd3éh used
for chronmat ograph bIe of bein

chr omat ogr aphy |‘i‘°¥uinfn ?aﬁ%lgg Pgﬁe\{la r‘?r%SLEféﬂe FRYHS Cﬁgﬂg Slgjlt?l‘g’ﬁ ]%Pé aferF‘1§90I um
chr omat ogr afdity, (ﬁpadﬂ@tﬂtrstaihlﬁlgﬁﬂmmaﬁlﬁmﬁﬁﬂs%ﬁl:He%SmplB indefigitdly. qUhdde edtaif®@di a t hat
is added to the CCD chanber.. Ti%e%ﬁlar icles formﬁf? t he Qed are fo d into
a bed and hel d SOBPPHKE B Fepific SEATS SRR RGieneh nd CHERBER: b
summation of t h@r@’;ﬁ:ﬁbzﬁé of e Q:&l&m&i(iﬁ h«b‘tgal&ﬁ ﬂﬁ&l&uﬂibad’nﬁltﬁdlﬁﬁ arcExa R vasn 1R Of
particles includ but ar e not ﬁ ar ose, ghar ose, silica
beads, ni xed di‘?B‘(S‘EVF BB&&EO’“ télﬁ‘?o PIBmBé Eenaﬁ‘ﬁtlf‘@)ﬁ WSARLRHENSC A ni ¢y
chromat ogr aphy mtaldﬁmlajwc@mm alty beads with functional groups. These
chromat ography material s wn and are commercjially available from
conpani es sﬂgh as Bi oRad @P?Sfliﬂt ﬁ‘?célmu?F?dn%‘?‘F@tlss‘h’ﬁﬁ? Rrckwgicaptaints

Pi scat away, N.J.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.

Examples 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. In particular, the invention

comprises compositions comprising known particle types and novel applications



20 The present invention conprises nmethods and conpositions used with a
CCD such that the CCD functions as an expanded bed or packed bed

chr omat ogwepbg3deyi ce. The CCD can use adsorbents to formpsrasbhe3dshui di zed
beds at high operating flow velocities. Ion exchange resins are used, such
as those nade from highly bioconpatible agarose base matrix with an inert
crystalline 25 quartz core material to provide the required density. The
defined particle size and density distritbuti on of the adsorbents yield
expanded beds with wel|l-defined and consistent hydrodynam c properties,
and with adsorption characteristics simlar to those of packed beds of

standard_chr omat aqr ARl 1B oo 03 933703 AGTLAROR! 36481 o GRITSt TS
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honogenat es, whol e hybri deefdeHemntpaJtuctm Hendst di resmsala)md nﬁ&blhangedbnwr e,

whol e ani mal cell .cul.ture br rac

1 osue ext ract <. sty ghiielbs alvialtral ohifinn e S5 pE Xk Bt R0
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eri.als are al

bi or eact or ﬁ& eryed (5)0 as heterogenous.|iquids.
The. hot er ogencou 8 TqHTS ' AHOBE SHRBHIRF RL aPL gL GBS e ARG L Hat & he
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composition beads, anionic beads, cationic beads, affinity 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, Piscataway, 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 inert 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.



The CCD bed created by the design of force paraneters allows for a distance
bet ween the adsorbent particles, providing an increased void vol une
fracti on woossgobed, which allows for unhi ndered passage Pefi/uset/s&97 cel |
debris and other particulates during application of crude feed to the
colum. 25 Crude, unclarified feed, a highly heterogeneous liquid, is
applied to the CCD bed and target nol ecul es are bound to the adsorbent
while cell debris, cells, particulates drfd cont ani nant s pass t hrough

unhi ndered. Any target nolecule can be trapped this way and the nethod can
be acconplished using different adsorbant or absorbant materials. Wakly

bound material, such as V\@C%?’Algﬁg %%&F %gayég%eﬁgﬁ%%cter%s 1\9\7;(2%2‘1%”%%? %el s,

cell debris and other type of par e materia S rom the
bed usi ng |i qui dnititbwco®ry p&taepat protimnieine csudarfeedtdie@h. UBedbrb@sehtegseoft he
captured targety gt? er condi.tions.

|

I fr t he bed, using.sui tabl e buf
For exanple, the —di's Oglhgélcggli%{&ne%l%t lﬁglalp%urr{ }Cgﬁloé15038$ et"PﬂBBa BFpeKt " Wat er i al
i s increased andpthtohufréeding icmashdt procesi sconhandgad tsa debraised hembar get
nol ecule is el eased fromthe adsqrbent material particl and enters the
i uent phase TREGI A BoREal MO Ma: o Rt Proii B o feefptatmh
concentration, ctdrced nedingpasttany cppital Bxredditaa d Adeisidyallyosll kindg bhesurce
purification if necessary. Thus the present .i.nvention conprjses a nethod
for concentrating & %?%kke%%?é%BF%&$W%ﬁP ﬂﬁ%ﬁ?g“ @P@F&%&ﬁ@&hiuﬁPﬂUid
conprising 10 adutiteg o tadiedd beotogemdter baateritlo 1y3at€)CB. ehRNMBeusios wspRAdI Ng t he
adsorbent materi] y the.su tion of the vector fqrces acting on the
adsor bent naterng%ggﬁg?ﬂF%épnW%WFBﬁQFﬁ&H&ﬁﬁ?aW@Hiﬁﬁgﬁ&QHEQFb§”FH?Htarget
nol ecul e andOal lapdvsttet bellularMBinegdnates Winld hvbridehe ragemetith bro@Untelbmmapass
through the bed, elutin e adsorhed target nvlecul e fromthe adsorbent
materi al and COPFEEP#HGQW%Qeémﬁ?%ﬂ3 %ﬂﬁﬁﬁ”gé’H@?e@@P@f“@ﬁb”@@@éﬂﬂ@& t ar get
mol ecul e can be tiedust @dratis,0tiinben adse beMdrialsTRha@hical rewdtioh enixbgesadggbent
material is mﬁthin.the i?ﬁgber or chanpers of is eluted from

the adsorbent mit'E?Tar QI Ere CHETHRS Eh ﬁ°d‘§it8‘:‘19%él %@nggh‘fds Piggeapiee oD
CCD net hods, degoaes naldial QRO fefe@BS (CAMRId RN NiqeNS | UEd Blerog@Beous
C.h romat ogr aqu %&1 (s)(ggn ¢ ﬂigﬂ@lthee}:treiroaglegdus,l 1%62111%% t%;(tct{qelzj ilqé)lg ’corﬁggé IVee in?arllls with
li ke Ly many
different kinds of molecules, or the heterogeneous liquid may only comprise more
than oné 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 column.
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 unhindered. Any target

molecule can be trapped this way and the method can be accomplished using

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



charge cannot penetrate the bead, which carries a fixed charge. H ghly
charged species are excluded fromthe intraparticle volune and elute
sooner. |womansEh2 phase partition, the sanple is distrib@cedsorseween the
intraparticle (bound) water and a | ess polar nobile phase. By choosing an
appropriate buffer, colum or bed 25 selectivity can be fine-tuned for a
parti cul ar conpound Nonpol ar conpounds are retained nore strongly than
pol ar conmpounds. In reversed phase partitli®n, the sanple nmolecules are

di stributed between a polar, usually aqueous, nobile phase and a nonpol ar
(aromatic) resin backbone. The nDre hydr ophobi c mol ecules elute later than

| ess hydrophobi c ones.  Li ange an SIZ excl usi o n, al
03/ 039702 PCT/ USBHSEhsYS: Hgebyiy Q o gy ‘g PAYISY 6‘&%"‘1’?“"‘}16% et %86‘ | arge
to penetrate thech@ﬁédagtﬂg\mumcﬂoev. Blfféluﬁﬁpdfaﬁldfﬁls zlrlél&leﬁandl”[o ane thhospiueal |y

excluded fromthe |ntra rtjcl ume. Th t hods, .and ti.ons of
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conpri sing, for rdifgnca bawasit ﬁebhﬁblbyoﬁﬁeaddbﬁﬁaﬁ)dla&@ﬁl MiiftchiaRedanb thiehafber of a
CCD using co 05|t|ons c risi p rticl and .ne

conposi tion Fepdifien & ’g‘B%F&rﬁOs & iBaFrset P?é’%ecfﬂﬁalf %?aée‘%ﬁhlf‘latg‘T édsf’%’rﬁmi on
exclusion and thgecdRARidsiA0 @fers1BEictietOPRIsE.S EThki ditbinflSodthlnd thert@@te an
ionic environment in_ which a target nDIeculfgls bound. by the particles.

Alternatively, tRYICHE HBeE2seE dPFPRCRIgRp BT H5db martlys PHHEa 20 ISRAY <9 t he

target nol ecul e fFhd¥Puribeuiod ifdecthfy. 1Pnrand Ffé!;@ls invbfticANepAkes alnieiduat i ve,
t he net hods conprlse conpositions of particle havi ng pores that ~are too

smal | for the tdPheancepyipErg} Braehmalgeuds from g hé&b&tlr?éqrogeamuéﬂlﬁ‘aé FRRBDISEe

met hods conpyy se,qaRPPas hidaRar afaddar td ﬁl@@Dh@MmB& rgeféﬁﬁdlhgame adsBrbefii zed so
that the target nolecule enters, and in such a net ho the target nol ecul e

el utes from t he Tepiapy dhq wmgpation 46 theryasion forqen actingrqicthe agoden Bated, f | owed

directly 15 thr@HﬂiﬁgEQﬁroﬁ%ﬁ% 99b%ﬁ&aarag&bme@ﬂg&%@ﬂt&yanmn@wm@epan
conprise particles sSuch ér here S strong cati on exchange nedi a, nade
by Bi oRad. Thesenatpyialg mdh@bet%m&eHHWr%}siﬁp IPRes, thigpefetie bad> cpiing theralgorbrsads

desi gned for thqaﬁ%@m{o@kﬁ@nﬁ&ﬁ th aoRIeHS maftie] GhL c@@ecﬁh%gl i slu§@starged asm ds
and ot her nmacronolecul es beads 20 are provid in 20%

et hanol as ' a%0%¢logule  sTher adporbyh darps gueleayie can be eluted ﬁom the adsorbent

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

CCD or is eluted from the adsorbent 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-tuned 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



added to the nedia streamentering the CCD and the bed, nade fromthe
beads, is fornmed within the CCD. Determning the optimal flow rate and bed
size is vwDlo3/osd7ohi n the skill of those skilled in the ar®Cani$o2/36497
determ ned by the target nolecule to be isolated or separated. The liquid
containing the target nolecule is added to 25 the CCD in the appropriate
buffering conditions and flowed through until the target nolecule is

ei ther bound to the beads or excluded frdf the beads. The target nolecul e
is then eluted directly fromthe CCD bed if excluded, or the target

nol ecule is eluted fromthe CCD bed with the appropri ately buffered nedi a.
WO 03/ 039702 PCT/ US02/ 36497 . 20 Al | I ffgrs ani on or
cation exchange "¢hr S8 GraBHo™a P8 eﬂgeésdo\%i]ta ﬂep%% ié%afgegcgv%é)gﬁs and
met hods of the RpEeE&EBLT tHeeanhie@hysiéhlly akéledeyd ffbfm mafuﬁtmpsnmmobmmsfm in
differing steps, dependl ng on the ture of .the tar et .ol ecy nd t he
het er ogeneous | iTpRAQYS jgmd vxﬁﬂ“&’ﬁmf‘ﬁ‘@ Pga]be preaenfdinsRlion: © lélplfl%?uﬁdne {T‘P]de Use of

buffering ions ts??afratiﬂg\{xﬁ)léch@s ,Seprisiha rfgeniasa g&b@tanﬁalmwueﬂay bgr ®ithinan t he
i on exchange _bea roduce the best results. 1g}sphate

ions with cati orf @?‘Eﬂﬁé?ﬁ@éJ%é}HEg SPHOPCPIOES GRTRIHISHISi Hﬁ‘ﬁm eé)?l?ﬁé]%g@ W&%&
Cationi c_buff er spd flpdsigon artﬂ.ﬂé% cﬁﬁhbrlids phitields they ar@eetable faicCibal exahisioni ¢

aci d, HEPES, lactic acid, hosphate, PIPES, .pivalic acid, TES,
and 10 tri ci ne. aAﬁF}t?ﬁP’@P‘PJ%th“é’if@ H‘c"l"ﬁ’@@se llﬂ‘}f s Hiab el a4 9 Cteé"ﬁn?ndnenb}%| ne,

bis-Tris, diethan am:p8 méegidg ahasy the firsdiésdi ARemitiedaziol @ethpysr | di ne,
tricine, triethanolamne and Tris. The_ ion beads can _be re enaé?at ed by

washi ng with 2- £ompet copPasiesof mpdp iiceythe gl 1giof ¥ the
reversibly Qeund,,ARisr h@&notﬂ\@ﬁl@ﬁtﬁw@ 0P frlefbBdcdng¥RE SaHpRARSES oRRGidIaN- pari ng
on silica 15 require conplex eluents for effective separations. These
nmechani sms wor k. hawping togees t Wg?’fl Heitpn empH f%ﬁ‘?ft?ﬁ?fgmf’]ﬁ%ul%éﬁ’rﬁaﬁﬁd Ip gnpferanal yzed

until it is Conpa"l’tgﬂngtll\% Wetntﬂatlwaﬁ corﬁﬁ%e% ?ééltﬁJns o dr8E18A VIR Porestihe aRed
material can be nodified and t chromn hic conditions are O%’[I m zed

to be conpati bl élz\ﬁ/ﬂwh@hfée@eg?bwﬁfaule RIS o ﬁ@;SLfCBra methrd Hieiteegimrlsy

sanpl e deri vati zgfOfm 48 c%@)ataap@:!ef At HAAS (FORtEMRbRLEe hAEfIdHRA dbctyon
exchange nmet hods. |on exchange chronmat ography 1s one of the nost w dely

used techni ddes thigpgh the bed.
Ion exchange chromatography in a CCD can comprise particles

and no

such as UNOsphere S 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 beads
20  are provided in 100mM NacCl in 20% ethanol as a 50% (v/v) slurry. 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 optimal 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.



protein purification. Two of the nobst conmmonly used ion exchange supports
are strong anion and cation exchangers. Strong ani on exchangers, wth
guat er narwo oansg1e2 f uncti onal groups are used for purifyi ngcaaisdy/as4and
neutral proteins and 25 peptides. Strong cation exchangers, with sulfonate
functional groups, are used for purifying basic and neutral proteins and
peptides. Any type of support material that can be used in the CCD device
that can bear these and other ionic funct4®nal groups are contenpl ated by
the present invention. CCD BED MATERI ALS WD 03/ 039702 PCT/ US02/ 36497 21
The type of bed material, resin, bead all of which are int erchangeabl e
terms, that are usedint rm ned

least in part by the che@ gct??fﬁt ﬁu(?ném%lflyt ‘rllsgg gotrg@%mlhocflefﬁﬁloél 65?91 aE%‘?’rpounds
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conpounds such astst@dnis, tagkcoblbse and thsShadrbganbais ﬂ1q0fdg@nwmclﬁﬂiedﬁrgaf e

preferably separated on he, i nexc resin M ddl e range solubility

conmpounds caﬁpbem%lg%ﬁ? B8 }’Pd\m 1 EEV gi’ﬁﬁer&gf‘f’ﬁ? glr"ﬂ haveAhe, gee Cl%fﬁeﬁi‘s B3 ti cul ar
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resol ution chronato ports, such as ter. Peads, resins
n PRORHREE L
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because of the I@;@Kan@é b@EAVEAtnid K Sncllie] By aGhk linTits to dRBIS Aoy, 6ftrid he ‘
resin, beads or @%Eﬁ)gﬁﬁmite“ Is can be |lower than standard colum 15 bed

materials. The i# i ladiceids MESK MEIPS ghesebitia tlig: Bratihecid. ikiSe ik ont ai n

the ta(r]I @JeéI 1ol letﬁbhh@ i %nloﬁmub@ffefrgrlﬁalﬁ?@'l mﬁ ﬁgrlﬁ)t vulﬁ@eq]yﬁ) thmge :j §1s-mrﬁﬁt| gng
in standar parations because the density of the bed in the
can be so car ef LfiJ %Banoiaﬁﬂlﬂq’ olFdlamige s | hdustifined BY ?ZBFat iPSHdiEahd Gler force

paraneters. The tﬁbtﬁﬁlﬂﬂamlﬂé SEORst YTHe apabdalié tdnese r8dch@WBd bokvabigssweh but i on of
starting materi s and ma al so ZOB@revent pr eprocessi n%Pste ps such as

filtration. FI ui@drPowmes WMN@@ 1spWhshing feanqyes respgbly rephmatagal. py
physi cal bed consi derati ongthols Romphiing NBrdel Uik @hél OBn-paring on silica

15  require complex eluents for effective separations. These mechanisms work on the
principle of modifying the compound to be analyzed until it is compatible with the
bed material. Alternatively, the bed material can be modified and the
chromatographic 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 used 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 neutral proteins and

25  peptides. Strong cation exchangers, with sulfonate functional groups, are used for
purifying basic and neutral proteins and peptides. Any type of support material
that can be used in the CCD device that can bear these and other ionic functional

groups are contemplated by the present invention.
CCD BED MATERIALS ‘



velocities, leading to shorter |loading tine. The CCD nethods, conpositions
and devices can be used to separate any biomaterial or inorganic materials
t hat can wepanatrerl by 25 chronat ographi cal nethods. For examsbhy364€CD can
be used for the analysis of proteins, carbohydrates, alcohols and organic
acids in food and beverages, biochem cal, bionedical and biotechnol ogy
applications. The paraneters for separation wll be different for the
differing target nol ecules, the starting Zaterial and the degree of
purification needed. In currently used chromatography, to WD 03/ 039702

PCT/ US02/ 36497 22 achi eve the high throughput required in industrial

applications of adsorpti.on r.onat ogr aphy,. . fil itle hi gh
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bed; and retai nilﬂifh? e separated portion of the 15 heterogeneous liquid

Cﬁrrpri sing t1hm)e tar g_etI nol e\_cztﬁafﬁcul_xhiaﬂv%mghodf qliamCBgslletlmaé,ngeMy km:DV\ﬂh
chromat ogr aphy particl.es,. including, but not limted to, chronmatagraphy
particles that aCEPRERDIERAt hs‘gq‘z@g@%‘llh%l}r?i‘ﬁ?toﬁff‘?}}yn?“?@?rfsaB%CBr%eﬁ%aﬁgr pol ar,
nonpol ar, cati OniigmetaNibe4HsC restrs g del@ Xh ang @ised el rapiioni 6, thbyedugahid i ¢, and
ion-pairing, and others known to those of skill in the art Thg} ai:ti ons of
the 20 chr ot ogioRBHOBY Fokmas besuse Hehe fick o4 BFaVER PR 4R Bt EFRct 1%h of t he

particles wth Jhgrcammporantzadfior blipoRalLrRBREEBIBWe! Bk dardid Buihirer s t hat
are used du r1I Sng 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 because 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
absorption, not by physical bed considerations such a minimum fluidization
velocities, leading to shorter loading time.
The CCD methods, compositions and devices can be used to
separate any biomaterial or inorganic 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 needed. In currently used chromatography, to



t he chromat ography run of the CCD. The actions of the chromatography bed
are to separate or fractionate the heterogeneous liquid in one or nore
ways, W twotone397var get nol ecul e found in at | east one of wPhg/USvastpDNS. 25
PARTI CLES The CCD bed naterial can be of all types of resins or materials
for the separation nethods of the present invention. Additionally, the CCD
can use novel conbinations of different beads or novel conbinations of
functional groups or ligands on the samezbead. The particles can be, but
are not limted to, very WO 03/039702 PCT/ US02/ 36497 23 porous,

macr oporous, slightly porous, nonporous, hydrophilic hydrophobic hi ghly

charged, sl ight la\éhl%tl]ea Etlgaeg h t%puElapu? ullr%cg Im 111 Wt ]i)phtc%tlongt }haﬁacp at;’xlc}ﬂoﬁl €s

can be, but are not I m acr
exchangers with chkmginognpw; n@)v@amnttey mlusrwbbl h@hngumaghamu tlye, DEﬁEteNeak

ani on exchange 5 rticles h,S . stron ation_exchan or
weak cation exché‘%‘Siéa“OHa‘iyélﬁ béllt .lthﬁfltcthehﬁ%lﬁf ;’elﬂg S €Pgﬁle g ualé‘a?t e,

mat eri al proven desigivoini opmiubneflqrawimmw itled Cgmbmmhem&tlogb‘ap&bymofrhe

macr opor ous ruci f of ftt{felf sghly cross-1linked agarose nmatrices conbines
good bi ndi ng “capEPT 8 ¢ %4P%e 10 rol ecul es, such as proteins, with high
chem cal and nechani cal smhbﬂwdmﬂdiagﬂgamgﬂnaml@ale sb@aptiding, yushbsndaiy

i nportant proper of a t 0. b used to r uce t he .ef

Wt Erhon ahen e B o g FBEPYe Chirdintt & TR gieeehe  oop
al l ows for consiwekéh |acna>ia1|fndjoi1§ goRnif afliqilm &gsl :c;b][rneaﬁmme @gﬁcahpipposeb 33

agar ose beads S e i rent in_anou

cross-|inki ng 15‘%’?‘5”%‘% EEJ ﬂ?@alﬁé@a n aﬁ'f%‘g@tl?} gff’é%ﬁscoﬁ?lbﬂﬁs E?H]é?fﬁ%"étagtr e

cont enpl at ed (f orvedlot sufbiat6h Wradll TRERN dcihg dnh tehBarbaieh, WlieRdih ahes forbldi fi ed

agarose matrices | ess . .brjttle than i norganic_ material such as sone
glass or cerani éu{;r,%%/@ﬂ?%}r@nowettliﬂ’aé%dwaéheosﬁp’i}laHf’n Briganiclor Ratss AP EIE have

linmited density @nghe Imwm B dorhrineh @ \CBrouRtogrdphy B6d,idan®t £hstedoéneous
conventi onal chromat ograph 20 consij d?r ations such as hi gh_sedi ment ati on

vel ocity requir ™ S’éi‘lgd]ée et el s aEag gler}}?éeﬂ‘i’&en?or‘}s faHe bYiths usi onal
path | engths, WlicGbnsCHUHE BRIMTIEHRIHAP IHE; RS Sretaining the separated portion of the

15  heterogeneous liquid comprising the target molecule. This method comprises

."1

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 nominteraction 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 all 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



transfer resistance, counteracting productivity. Unlike conventi onal

chromat ogr aphy, CCD devi ces, nethods and conpositions can enpl oy these

| ar ger oryamso3gtel eri als. Additionally, the present i nvenPCBriSowsqapi ses a
25 conposite particle containing an inert core material that is denser than
organic materials. Such particles can be designed so that their density is
high at a reasonable particle size. Particle polydispersity in bed

material is also contenplated by the pr@éent i nvention. The size and
density gradients position the beads at specific WO 03/ 039702

PCT/ US02/ 36497 24 | ocati ons vvi th the CCD chanber. The smaller, lighter

particles nove to one the | arger e rti 0 a

di fferent one. I98f°§7‘8h %n gorf) 9S’| Sr%lggflfxl PO Har a ac%orolugt ?%drg}gshl@cgnlwdﬁ%ﬁ%%d by the
present inventi oxﬁghly&tmgedobaghﬁly gharded, mdlchgcge c@pialor bwéllabls, Tchxpdntislbmnpore

Si zes, support rial differ de 2. i rieLy

conbi nati ons of q;g’o Jhe At hlgﬁ‘afP fagtﬁcg 'lnﬁérfm Vy?tee Heng mon(fé%]an%eé? V}lds and
devi ces. HPLC ARmHh GAdingNSphbtiey, doesbinding mapmwpm)mmaak emqmbkuhahgeand

conposi tions for ve t tics.of high
per f or mance Pi qlﬂaﬁlcﬁi’oﬁgﬁ? 3&8?%%?185ﬁ§lmfli$fff)tem%ﬁgl Wea % 4 ST AR e,
anong ot hers, i qfat@k® usion, ion exchange, |igand, exchange SI ze excl usi on,

reversed phase and nornal hase it and a mul tiple
modes of interaction offef 5P & % ftvg‘g%m%eeﬁé?%?léal é’}ol Ve% Ork The
charge on the r Wlﬁopﬁﬂﬂdﬁﬁ&ﬁoaﬂd‘&rmﬁ@@@hyl The mﬁcrmmmm)mhm&b Ofn;he Wgh]ye t he
resin material, suctl'l ]zFis pol ¥Sﬁt ¥l@§ne 15 backbon (:1 ows %tgero 1 g >
interaction to tKIETPKYaear {&h {COBPIPY OO PTAYINE ¢ (ABH aegén £%n the
conpounds beiong madledu)ezesicRasl ptdiens egh egghodhemsal et mvdhhiyioilemhlht}edmgﬁever sed
phase and ion pairing HPLC techniques re e.co l ex ondi tions
for effective sé%%‘%r’g?%ﬁ@bﬂ”VHéé’é“ﬁ%q‘%Btdg‘%ﬁHV I?faﬂi‘ the bﬁr%sﬁ‘gpﬂfa 1C 20 of
nodi fyi ng the compaydd atu@idaewrdadaydd asnblin Frebls. Geopat il @sigh h titehe bed.
Additionally, with resin-based HPLC I |J{§ CCD_beds, instead of podifying the
CCD allows for considerations erent from column chromatography, the
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 designed 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



conpound to be analyzed, the bed material is nodified and rotation and
other force paraneters are optim zed to be conpatible with the conpound
st ruct ur ewo 0Re39702 based beds all ow for the use of an i socPamriuSOHRI4E syst em
simplifying 25 sanple preparation nethods and require no sanple
derivatization. This shortens sanple preparation tine, and reduces total
analysis tine. Filtration may be the onléspreprocessi ng step necessary.
AFFI NI TY CHROVATOGRAPHY WO 03/ 039702 PCT/4J502/ 36497 25 Affinity

chromat ography is based on the ability of the particles in the bed to
specifically bind the target nolecule. For exarrpl e, puri fication of

monocl onal anti bpdy ﬁs \N?thocﬂ§ D tcﬂaqnﬂgp] %16%8191 1ércf’lilgf1t? fl]escg{qgng ?r aphy

and CCD net hods an nposi tions conp purifi
i ncludi ng 5 pol ymsmlnalanchﬂld lmohda@mabarades ﬂocacmﬁesrentbmmdl?algdnmmydmsny Fe

regions and fr ag(!ﬂgﬂgt%nstl%fls %QﬁtFlggﬂ{eg%%t%ngxet%% Bﬁ\%)eg?_{?}lr egl’zigoa?sa ;E’é‘{élggl (r)]f A and

Protein G contai ning are
i mrunogl obuI ins. caﬁ&inhte:x,amlue],on poar fire) a@pravnamglanﬁﬂe&nébsAar@a fRK/Qif&hd”l G are

used in a nd.th erogeneous uid sing th
nol ecul es, ariti b‘%&?é’gﬂ %f C%{@%lgal 0 ° ﬁ?%ﬂ(ﬁ]ﬁn gad Ea@g‘}) 51br"ilé %a‘fsﬁ‘gtm ecul eis
bound by the Pr G’nﬁhwﬂs,én@dev@eand other materials in the heterogeneous

| i qui d pass throlgﬁq{b her receptor-based bed nmaterials can be
used to isolate spec%‘es llo&%drg(aggl asses of antibodies. An exanple of CCD

met hods to isol ate parti clhapresennmetmionkamprises pebvdsdad coMpdsitiont fEER
conprising a be ter bead h C bagcr 15 bl ue F3GA dye , a
m ggd m)dg ani oﬂc cﬁ%%ggé"/ed%% ﬁ“ SI?B(S%EEPCS %: é’ﬁgrLf SsHeTyeE I i nto a
CHT-1 ceramld® hyaﬂrmay@p@hyt(emjm)ormml@gcephyheb@ds lifcl@des @GRHd othék) @n
conventional colu DE%% bl resi g]ﬁ!&s a bifunctional affinity gel
contai ning G bac?‘gﬁmfﬂ U8 3 glg@% AFEHRES S'4¢ CRCHEY: 8V BREAP et Bse. The
dye binds al bummnﬁﬂthisbqbaﬁﬁéﬁngraﬂﬂIﬁifblhtpd$lléshﬁltllt®f[@1h@dd§@f aftdrabition BFBL €i ns.
This 20 offers an alterr ﬁglve separation. to tein A or G bindi n%le

separation. The * ROMSi BELY dS 8PAHE EsENze At eT]Peaﬁlaﬁg&n‘“’oihﬁ e Provies
subcl asses, usesapability edfutonoBxclwstundi Wil theaftginPratekitie sus il sdigstyrepoval  of

all proteas el% Lé gk%one peleowp ' y%rophoblc interaction to take place. The extent of the
interactions 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 until 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



conditions, the antibody is eluted and the albumn is retained. The

hydr oxyapatite step further purifies the antibody. The CHT-I bed is useful
when t he wD 00347 25 anti body is cl ose enough to the pl @CTaiSousd4n7 t o
cause problens with ion exchange. In addition, the of CHT-1 could allow
different idiotypes of the nonoclonals to be separated. Another
purification nethod conprises use of a strong cation exchange material for
the bed nmaterial. At a pH of 4.5 to 5, aldumin is negatively WD 03/ 039702
PCT/ US02/ 36497 26 charged and does not bind. The antibody is positively
charged at this pH and binds to the bed material . The aI bumn is flushed

out of the CCD chanber an e.antibody is re hl ori de
gradi ent can be used to e ffmtg Cﬁromator%fapé% bas?)dt ﬁgllhty ?ﬁf? PELPIFH et hod
conpri ses use ofthabv@azksmmﬁoatily leind hiangeget nmlﬁcinlea§oDEAEnlﬂ6 weHicatton 6N

exchange materi al obul.i.ns_have and a
pH of 7.5 is useraor%ocl\)% nglyeg @eﬁ 1983% 0%% TP HARD ﬁ&ﬁ 08%8 ‘Pl?{gmﬁﬁoﬁr&g]ﬂgm t hese
conditions and el@UD en@lwdls ynd ro@posificadicempriseTheifeation @Exdinebsdisse idclidefgat ur e
descri bi ng n_.exchan conditions. 10 for. anti bodi es, Ilowngfor
many app! i c\glt%?o s ?ygg’n?l%g Hgﬁ%g%lg{bfidl&%“ég\glp@é’é’ns Egﬁﬁegh@tg ﬁlbqj AL,
standard chr omatafgamsipddiesdand eagbddpercespids.a Rbsmdkantdagmidin G ushagiddhe weak
i on exchanger due tolthe r?e.]jgﬁl rement .for Iargog ‘%gll %r tio vol unes when
changi ng pH. The EeBISEnTeHRHY 8V P S dves W S pdf R TS by
easi |y changi ng patizles Giagting OPvogitd ADtdAeProfedy CE apatiRiEhes C@Ndoddhisd 5 al | ows
for less buffer d time in equilibration, Methods such _as, these,

especial |y use &]F qggneg}l%élqm? coppRrisHig: {he WB—’FEF}POXT"uml &HIbOdiSS. st PasFesnt i at e
bet ween al bugi n tﬁﬂddglﬂﬂhb@éd PTE ides molediile Rebdime by theoPBRAAA &5 aRtlohet i fy
serum and pl asma oro g‘s such as cg\ |.emen f‘gt% protei n, macroglobulin,
t hyronedi n, gel % t?rﬁ‘ sdRdPefiefEpgencouE g{})‘ﬂé’gssé ugh &g bohy Yiberisreptqragsed

i ncl udi ng, but ned niatemmezdlﬁeq;sedmori@m@spedlebmﬁmﬁb@%e&m@dw@t her

nucl eoti de- dependent enzy zy% substrate affinity beads are al so
contenpl ated by the pres hP1 6hD BrtBadsde igolate lé?FfF‘iullﬁft“gP“ﬁ‘é}f’%ﬁrl‘i Bls are
used in 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 alternative 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 the 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 pI of albumin to cause problems with jon

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



the CCD to specifically select for target nol ecul es. Another selective

bi nding material for affinity chromatography 25 uses boronate-derivatized
bed mat erwalos/039The bor onat e-derivati zed materials can bePeRdst/s@nT any
mat eri al used in making chromat ography beads, resins or gels, such as

pol yacryl am de, and can be used with materials that are not currently used
because the CCD bed materials conprise different structural concerns for
material s. These boronate-derivatized bed@materials are used for hi ghly
ef ficient WD 03/039702 PCT/ US02/ 36497 27 separation of such | ow nol ecul ar
wei ght conpounds as nucl eoti des, nucl eosi des, catechol am nes and sugars.

The boronat e-der | I rial s. have an .affinjty faor..adjacent cis
hydr oxyl group (ééllxge%lzdg?g e%glr?g% %@h @gpaélpg?é’ lcslpgglglyeg}y Fféﬁ%etde thig PSS such a
AMP and cyclic AlRis thvBbhdhbaismatercll.utlee sbpairaisifmshedfoue bSthelIGAID Bhagbi aidi ng

conpounds such cyt.osine, uri.dine and enosi ng fromone another. Al of
t hese corrpoundsatg? gx%boo nd® Bty irSO%PIPijl? llr’%lﬁ %Efd?‘?l ic?ﬂ%es USEr it ar at e
elution. Size exatibedyon can al so be conbined with affinity, by using a bed
packi ng densidy or bead excl aneter to separate snall | ecul es.

5 L Si on#gaé Sl d 3

| ndi vi dual | y “desi gned beati¥ E{%ea‘“ 8T AFEYO%C SHRIISED e Chsed o MY
specifically selexchanpar gehtai rDEAEQgR0 wellecdies.exBadgimahatial S Myat al | ow
for i nmmunogl obulin coupl.ing to.an ose or other. type af. s r
material are coftElge 3?‘3818 g?/"etpﬁsemﬁﬁeg@gm‘lgF’r‘?\?@ﬁ#’ S 1&%@5&? tﬁ‘gﬁgﬁks can be
attached to actbedatMdstsitppaoglshulihs dirghurei thesey caditibas aar elaichaily methods
such as periodate ..oxidation of .vicinal droxyl s _of, the sugars_ aqf the

car bohydr at es f cGHE™Sn qﬁﬂ‘élsféte&%ver Weranre ‘Sol%crfl’égwelaﬁé@’é’n §Lensi endiiPihodi es
can be direded fhpadibydieqnyetingidratityapplaatdosaT thte ureddd RrCOD estap
separati on met hods. er chem cal terials can be used to purify or
separate nater i‘a&ﬁsfmit rb@c@%ﬂbitﬂ’g@ ‘gﬁﬁnaﬂ‘éﬁf?@ﬁééi?vﬁﬁrtll‘g?éFni‘JFi@?‘i?"éW%’cni ng ion
exchange resi nsustgnthbewdisaen techhdtd drettal e rdireXeIbe 1:0fe SHEbraidnesi N S
a support 20 material, such as diyvinyl benzene gopolgrrers, t hat contain

pai red i m ni odi a@ evhenghangie R allte GsDctiBichiiendhy fsipe Psiwemnbidng
pol yval ent et alifrtflsbyasastpRRAEIng thé eRtatdidadt BBEr RERVYardBdidh Snd Mhdshe
presence of 1 n%\ﬁ%\lvg rtjc;[r le?sg{nilf?e? gndstﬁﬁe!] inaéaui?iggi[iglg]
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. Biospecific affinity 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 used

because the CCD bed materials comprise different structural concerns for

materials. These boronate-derivatized bed materials are used for highly efficient



and potassium This resin has a very strong attraction for transition
netals, even in high concentrated salt solutions. Use of such bed

mat er i al swon3@&oal | ows for 25 environnental clean-up netrcaaISOn3@ATI ti on
to purification of such netals or renoval of such netals from biomaterials
cont ai ning other target nol ecules. The nethods of the present invention
conprise use of apparatus that substantially immobilizes the particles
that formthe bed by use of the summat i &7 of the vector forces acti ng on
each particle. Enbodi nents of such WO 03/039702 PCT/ US02/ 36497 28
apparatus have been disclosed in U S. Patent Nos. 5,622,819; 5,821, 116;

6, 133, 019;: 6, 214, 617; 09/ 316, 566 09/ 773, 027,
007 785 901, nod Cpipfion™nch By AAER WoRR bRlohS A s iR fneR SRelooddls |15 O7
its entirety. Tmateglmlmhesr aﬁcppagaat uShb deeonbieelerivazed fbed m:mtarsl favgadn 5
i nmobi lizati on of

been unsuccess ffﬁﬁ’?ﬁ't tlo’f o) @Ce{l Crlsw?yra%sltﬁr?‘ipz(ﬁlts bﬁg} ﬂlglgaélr SteP%?tS 51%36 ]ielﬁa%e

bi ocat al yst's, ar@ecmshmmhaat AMPaqnhll eclimARIH. alMetidas aru:&eletsb@rﬁfoﬁexftmsgdlogr avity

is ignored. Thou m cro-or ns oy .ani are quite |i in
wei oot thei P b sl SR ShaRBatRye 55 adrpy et pie bl can
ef fect on the paA;m io€ |t1&se adSlﬂpduhﬂ§ arefobeet bus thdir diBfeking ﬁffaﬁ&svpiemht kdpamate Over

| onger tine perleg Ee wei ght of tG sus nd d ‘61? iftlcl cause dt hese
particles to setTf®t o>FRE FBHEL 21 8P PFso “’te GCHIR) yhsme a be

i mobi |i zati on ghdkihedenstly S1i¢pd extfhision parbabinoeepitaté ahdlBBolbulah initially
suspended themin the cha urther, th regatj on of these particles
into a larger particle \MHb dh‘”@liafi’&%l@&‘?atbﬁ%d%s@ n g‘?ﬁ’@ﬁ g alsg ke Bty dual
particles reagul tspedificalld @}M mr@ﬁa@ga@amhble&u@a: lB@iﬁ fllﬁﬁéllamtlﬁhﬁlﬁadd$&s t he
aggregates to mi.grate to |onger radii, eventua cl oggi ng the ui

input port. Thel EPHH;H‘P%JP‘E}Emu%‘g‘B{"i‘WOt b ARERR QOB VPO f)? tmfitWLﬁ% on take
advant age of theohehdlat@dnsh lt}lbsprieﬁbhﬁhﬁ&{tlohn DRk 6lins EaaVbeditthchidietdt heory
of counterflow centrjfugation, t he geonetrical relationships of flow

vel ocity and 20 %EBFHTS FURBaHs frens P§‘P}a@’nﬁ’fllﬁes eaythpempiiods fughy apperedaies:  and,

(4) the effect ofxidabliye Bﬁwlzmgl IRSSIY bLthe Rugiebfan et dgdiates F®sd of AR Feet hods

of the prese i nvention nprise apPar atus that are capable of formng
chr omat ogr adgy gegien B 3(31 eThese specific antibodies can be directed to any target molecule

and can be used for one step separation methods.

have

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 monovalent cations such as sodium
and potassium. This resin has a very strong attraction for transition metals, even
in high concentrated salt solutions. Use of such bed materials in CCD allows for

25  environmental 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 particle. Embodiments of such



i mmobi |i zati on of three-dinmensional arrays of particles, such as known
chromat ogr aphi ¢ beads and resins. 25 The theoretical basis of the process
utilized Wop oBlsd7appar atus of the present invention utili 2e3/Eonsoset met hod
to immbilize particle arrays. A proper application of Stoke's Law in
conmbi nation with provision for the effect of gravity which also acts on
the inmmobilized particles results in a nathenatlcal relati onship which
allows for the relative i mobilization of2&uch particles. The effect of WO
03/ 039702 PCT/ US02/ 36497 29 gravity can be conpensated for by an
alternative choice of rotational axis as is shown in FIG 1. If rotation

about the horizontal.axis ( hosen t the
vertical axis (23pparaltlls iéavﬁog%encglﬁ?ﬁr%sﬁ i § Efggl g‘f’l%:taﬁos cg’hﬁ fbng? ?ﬁulnlg t hen
the effect of gr@Vix8i96.214@0hilized partahd UeS Mutdnk Applieyisande9/51d,568] ted to
action solely in =z Si nc i he.sar | ane in ich both
the centrifugal %?té%e“fﬁﬁ 32}7%}29% ad@i ﬁO/H%l%l,r &t “&?ﬁlcgss 11391@01@@‘&2@ ai ned
to act, the notiefrenoé imity asirstai Madughaotlidr &b}&mﬁﬁs an bp@i Medifér @nfrd@igat i onal
cycle is the yesult um of t re f rces acting upon
it. As is sh q%ﬂézé’f“’%o’f)?ar&?sl sueh &jh pa{‘ﬂg %‘?’25?39@1871 & ]I’éi"ﬁi’re@l 10
t he X-é SI ane, tdﬂﬁg@fzs{slﬁﬂta’c abngytean IltnYnogaﬁg%tuﬂln(l)ﬂ ?&1fl(éjl§lo%llgrblékfata®s@aéﬁd C| ?I
suspended in a radia r centrifu ie n exactly
equal and opposi HPPEE h“sﬂfﬁéqr’iagdbaﬁi‘}w%ﬁh‘? g&ﬁf Ay Eivett ‘@HOTFéo %‘H@g’r i quid
(Fb) is direct Edmicﬂ)Aafgﬁhlidil@or frandli cellLare Gaife 1St ﬁﬂ%@igﬂﬁtaﬂﬁiﬂ n¥s sheneval uati on
of equations 1-4 where esents . the_down pl acement in the x-z

pl ane inparted b PRR yatgf ag pigubcaps eifigst Py wdﬁrtéﬂlfg@}%f‘hlsr ¢fest vBh of the

rotor positipn egeddset With &h}ne Asty $dngerOfimé fﬂ)érlocﬁmtﬂeoﬂe@ﬁt 8f BRI fusgdn8edinder
t hese constraints and for r%‘g %a)] < R ( particle) results
in the determ naR¥HIEstJaHtes tﬂFF‘ée 1P6H 19 %e“ﬁ?eﬁoltbﬁll%”e% ’ﬁ’é’c"“? §f therpidocaplyet i ¢l e

notion results ifmdbilghtén dembdrs Sddlthb ngle PhagReabt abreds GAUIR ghi@allyot ation
of 360 degrees (after eqU|I|br|um|s reached). As is shown in FIG 2, the

effect of 20 graVfRPIGHIERE MSPEROBT Futisarths wEEimal st PrHHBLII as a

result of the opp@s @mlc@wm mﬁwaugfthetsaﬁe aaRty hf wealaiandl pdrovesehudtt gd forces
results in aﬁdecrease in radial f1posm on in quadrants | and Il, and an
a

exactly equ r % Berepsed, Q@lﬁgﬁﬁgﬂge ept ledgla pasgsgthe aggregates to migrate to 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 geometrical 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 chromatography beds by the
immobilization of three-dimensional arrays 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



1l and IV. Thus, the radial distance of the particle fromthe axis of
rotation also exhibits a periodic notion over the course of a full

rotati on wb 038870egrees. It 25 should be noted that, nathecattisozbdsy7
measurenent of the periodicity of notion requires only one rotation if
measur enent begins at either 90 or 180 degrees whereas two full rotations
are required if nmeasurenent begins at either zero or 180 degrees, since a
new equi l i brium radial distance di fferent2%rom the ori ginal results in the
| atter case. WD 03/039702 PCT/US02/ 36497 30 The effective notion of a
particle through a conplete rotational cycle is shown in the inset of FIG
3. If the sides of g/é:oq)t ai_ner cleeotjlstaags ended .are

n e

grayity can,be ¢or ensi:sttgd%ri Chan:[ eblfe aglag Elioc ; 1 S
label ed 1 and 2, BFREAPLE ROPPEACSOL Ne b T “BN&Er 'R drEé°d¥ one
rotational cycl eshoolial Fi@str if@tasion iab&lt @hanhdrizonthiSaxde ) éf cltbisepingeed ob t owar d
the "l eadi ng edge’  si dff}’ of tf}he g‘a‘{ﬂ/lt»]i cle' s) contai ner. Thus, .a Baﬁt L cLe
suspended in a ceREPTfRGE BT G Rhi B i@ oFpds e8Py BB URI PIOFSRAY £ 1 ow
field wll be canstfigtinedthtn teerfeadif@ravhy bo nheniked pdsicies well bpeld vel y
imobilized) 4f th dtbaI ance qf .tHe rad%gl I g.—di {lec.t eﬂg forces can bgl
mai nt ai ned over PGB Y {5 1HC 355 8BRHt S0 TR §riHHimea e Brdight at i on
is shown in Fl G beth the Renttifugd] at hell ax ihs 1iqhid oot ralated forts arOMnbiREnddtd aaxi S.
Under these condjti ons tf1he aE)Ot heﬁi f Sanderson ol d Efi rd. can now be
restated and appif BEUPHOh LY LAnse e ‘r‘?fﬁ?gf‘ﬁl?éﬂ i”b?’lm(f)‘?longé?’TPbslt}é%?es"'llﬁg‘fe is a
radi al di stance @fth@ni dfehezthi¥ byped siZpreddrcthg uppiaen eval uated by Eqn. 3,
represents a position in V\/ni.cq the part| clggla% relatively imobilized in a
15 centrifugal field whi ch®iSheREdE eish 6 i 2oy R terriE et Yo ipuE ied
liquid flow 10 ev@sxizpldnBahdEfeeotganly (Be)@hand foalibRBed pdrii@k susphiided hes more, a
sinplification of gg_ke' s Law_( Eqn. h} under the conditions of uniform
particle size, s’}“}glﬁ - lé"ﬁﬁ’d cgreH el el %“ﬂ&ﬁﬁ@é’ﬁ’é@hgq‘}aﬂ &t PPPFBR e Ul ts in
Eqn. 2, where i tsu?;ﬁidabw @l Sinivhvaly-diteBed JRfHne i@t i @0) Yelinsdddy t@fard tharticl e
(SV) is a sinple linear function of the 20 apfpl ied centrifugal field.
Simlarly, Eqn. Brh cthrasalaedipith eifiahees! caprsiosais Wit 1 EPERE Y 0 yi el d
Eqn. 4, where | i@yig@dw¥Rh@CdidilaceMettNinEH8 x-Bplab@smheed vyephateenal byrckd qui d
FI ow Vel oci tly (FV). Equation 4 _sugg%est s that there is a continuum of
5 ° 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 the 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 II, and an exactly equal radial lengthening in quadrants
[T 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.



liquid fl ow velocities and applied centrifugal fields which could be

mat ched by the evaluation of constant (C), all of which would satisfy the
requi renewo 00039262 rel ati ve particle immbilization. Furthecr/ush2/sdaer | i quid
flow velocity could be varied as a function of (z), there could be a
separate application of this equation at each radial distance.

Consi deration of the inplications of Eqn. 4 is inportant for the relative
i mmobi |'i zati on of three-di nmensional array?&O of particles as opposed to WO
03/ 039702 PCT/ US02/ 36497 31 the inmmobilization of two-dinensional arrays
of particles at a single radial distance fromthe rotational axis. If the

chanber in which a partic .ocat ed I ndrica as Is raphjcally
depicted in FIG 5) and |}1‘E%eﬁ?°8 ?&Fci%gn ?@vﬁaﬁnql%fhéo%g |asC°1?'Palt%é ayf ’8171 the 5
end of the chanhgelen®shovdi i ik idset $MEIGABI SIf dlie $i@dsaifia0ddntatREM Which &h@bvi ous
t hat theflowveloclt of ]téf{nsll idflo ]gas deflned Eq f:

will have a si ndt&Clg/Gispwpented 19 lapdzdqt & Lickt BBUBEL By hg aifg?gomft e
particles. As a &arsefwaseRatidnhl &cleWoouldideRiABE @Ratle aFithals w‘nte@@ﬁsﬁala@&ces isin
posi ti onal %w l'ibri um at?ag particul ar di al . distance (Al

)
i ndi cat ed i nEqriovald hgndrdingrede” fidg Oéetﬁ? mRFtislyal cqnfastey s‘El}Uén@tmﬂfée and FV

is the liquid flQupenedomi 4 yontrithan figrr &hich essola‘p@ge@q@ etnoe QSICHPYd RASSifdons at
radi al di stances either greater than or small Al , such as those

located in FI G Wil bgcopgiagied fosperigdicmaiign é@@é}w iy e%@ﬂﬁ%%ﬁ?@hze\%? tihen

inequal ity of reastdeé Bf B8 radiflChRcINitEReddnl be @BHlatned Bvéiahe todRsb@fd on of
the particles. Thus, those particles |ocated at A2, a |onger radial

di stance t han AImOWI}CP experience a greater 15 centrifugal force than those

at Al and wifg necessari | y&g%mcatI%pltegbnlta@iegesrshmﬁh@m di g tangase LE08r 3) -
Conversely, particles initially |ocated at A3 woul d experience a reduced

centrifugal fieligtapeiseon e ()it dnder bessrooeditipnsdhahyraihstiapictandprem. 4).

Thus, it is not PASKiHI&ntRwf (BE Me@atb 86" é%‘pﬁ&ﬁ%d QE}?thefM rn%}hogfhzﬁ%t beles in
a parallel wal | ed chanber such as that of FIG 5. , however, the

bi ocat al yst i moirtidlesatlhern isctiadipledistingg algng Q@@rﬁétsﬂgz) @/b@h wlwatevalwed by

cross-sectional @fea feB{%E&l?sSeﬁﬁosﬁﬁm LRGH AL BE hABEE i AYSy iffobEASLRy 2 @S 1S
graphical ly displayed 6, then 1t Is mathemati ca?/ 'y possible to

formthree-did rrer@n‘mﬁ@al ﬁplnda\ylgclbfs ﬁxnvﬂib‘imnozeédb}pm iwerdg direpkadsliqugd How,

consequence 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 centrifugal 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



of the fact that the mcroscopic flow velocity of the liquid flow varies
inversely as 25 the cross-sectional area (Egn. 1) while the relative

centri fugab oBiogd7a2 varies directly as the rotational radi RET(USQN3642). Thus,
if values of flow velocity and rotation velocity are chosen such that a

t wo-di nensional array of particles is immobilized at rotational radius Al
(Egn. 3), then it is mathematically possi ie to adjust the "aspect ratio"
of the side walls of the biocatal yst inmodtlization chanber such WO

03/ 039702 PCT/ US02/ 36497 32 that those particles initially |ocated at

radi al distance A2 could al so experience either an simlar equal ity of
forces or, as i sy,shaWbbilad of 4vo-8nd: f ces ults in
net notion back toward thg ce(r)tter0 Jf?ntllgliggdgﬁdﬂ yO? p&ﬂfc%ﬁ rﬁ%l armél% i zt may
be applied to patisteriedipn e rtadignaltaxia3 (see Eqn. 5) Al t hough 5 the geonetry
of the biocatalyst inmobil s. that of
a truncated cone, note thaft&%H‘fgll?be&:hﬁjl fl’l eéargcggl dfoﬁq&i S Cé’!”%{tcia\/tgﬁ}s used -
subj ect to the cerpltivadlly depi¢thdin Pﬁ(ﬁeS)@nd)ﬁ&lgletdtls Gnatd iatoghis ofharilee frofander

i ncreases as 5 thg rot [ ecrease in FIG
7, it is possible tdg ﬁ‘%:%lﬁglt%!raﬂ%%gg}é?ah?oe%?%fﬂrsfé’né?t%th ﬂlﬁtté@‘)‘&‘t"%&ﬁt” fes in a
varyi ng centri f ud véloalydb{1itis bppdded (by defined qquh fll B\ fS) eliltdhdvk atdﬂ%le

bi ocatal yst i nmohjld h eonet r fl ow

vel ocity decr easeh%rﬁggggﬂtsﬁlaﬁ&g?&%%b 01Iayetr gf glcgénwflf?}’jg‘iuenﬁe gla&wgt rengt h
decrease as the dimtamlwnahaﬁrayrﬁobaﬂmldasnm@saﬂonal aqmltlﬁlugﬂﬁrmptrﬁc&&tqa&lal in

FIG 7, that of & ed ¢ I me arra articles
at each rotati ocﬁa'f1 | s P ﬁ%jcated E%?O(Vg < (I;}Fstés ea‘ieH ﬁfﬂgﬁﬁrg’ﬁﬂ’t owar d
t hat radi us Mherad H_\B it the lxqpmdmmgelfxmy): €i®n Paicky dGtédy toestdddy. podhiohe at at

first glance, the.,d CI’I reeted aboye gest that t he net
effect of the mr%dlafgl gTsea%t AP |°fF%Eath tﬁo"rféf Stlhlh%sﬁ 1956 Llocaiet &h
provi des i mmbi |FIGasiabA2 WDAIB leTlaswsiaul}Xbe’opreseﬁtatﬂTWLtHgn iR uadity ofﬂ@dﬁtairﬁﬂges into

a narrow zone centere n P roprl such_is not the case. As
is 20 shown graphi-€al glcglvﬁhﬁ?s@% Ignet téan ﬁtécﬂl %dtb%ParB?Ieﬁjapt‘}Scthéée RPFieaches an
adj acent | ayer, lo¢atted\/\/at A2navengdnt adial Heginod tene, il Cébtﬁéﬂeﬁ&! Iagglgeit&ect

Wil keepegh | aye artﬁhéf;[ ehozﬁ& ontal._arrows in FlIG

expl anati on ‘for Cte%%‘ﬂt‘%afggqnfe’ S Al b B VIl Beerarilyr Migke F‘b]oé%ertfédlal
interdigitate i sligaen@yaBncenetsedNpatakymitailplochiB@at A3 would experience

a reduced centrifugal field and would migrate to shorter radial distances (Eqn. 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 biocatalyst immobilization chamber has a
geometry such that its cross-sectional area increases as the rotational radius
decreases, as is graphically displayed in FIG. 6, then it is mathematically possible
to form three-dimensional arrays of immobilized particles. This is a consequence
of the fact that the microscopic flow velocity of the liquid flow varies inversely as

25 the 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 radius Al (Eqn. 3), then it is mathematically possible to adjust the

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



m croscopic flow velocity profile through each layer. In FIG 9, a single
25 representative stratum of spherical particles confined to a particular
radi al diwDanos970i n a chanber | ayer of circular cross-secPCOrUSIF3I@PESENt ed.
The ratio of the dianeters of the particles to the dianeter of the
cross-section of FIG 9 is 12:1. Wile the magnitude of the flow velocity
of the liquid through unoccupied portions,_ of the chanber cross-section can
be quantified sinply fromthe chanber WO DB/ 039702 PCT/ US02/ 36497 33

di rensions at that point, the flow velocity through a region occupied by a
stratum of particles will necessarily be nmuch greater than that in the
absence of a str tic the greatl educed
cross-sectional tg%ﬂejﬂgbste r"‘étﬁgeﬁ ﬂ%ﬁ:‘lﬁéﬁk’? %gdwf%a%{ %ltsﬁﬁcsetlgfrc (éli}éefla{soﬁp‘?r’sen%%om in
t he graph in Fl @ithgr an pimilpnequeliyeofifarckd ony a5 iv gdlowwmi i YEdnh #oug mequatity af um of

the above di nensjqns Jj : o] termned in the free space
just adjacent to(.)t _hi Vdélfc Pgtg sﬁl%s gﬁﬂgtalgﬁ%sﬁ gaec?(q%&?rg qgen‘? eélrecr)sogglbei @lapﬁ’g?e ein
| ocal flow vel ociimifariapgutrient masghecmplodd te paticlst loadteiat ASf(fedidny®l Wipooati des a

ushion” wiieh feeomaaet aclasel BSHLSERLALE AusciMtlole, ¢ has
cone, it is prefteataiflagrinbetd ¢due, mos thadéthéradeomergieocoutf bd lemativelneaadded cone

'l ow vel ool Ty 1 STaR BBt ormETAR NG A S P B feenas’|
radius of the tthamsatoed redinedécreatdse Thakge i deicted bf FIGha, itrigpeaivadicone) of
equat] ons. preserChithe HEeEP Gty PG B ey e BOREAgS
condi ti on ofl0i mappbdeil by a figuid fihatfield'if GaeédcitaBtyiminsbilioftionanirhbdr @Sorhdry
presented. It states hatfth intrinsic sedinentation rate of the particle
due to gravity (%E@entah%ss R Piglo?”e"iek?ﬂ\’/gecéeé‘ﬁet $PFiTgaAn o icarad tabprcediueal ¢ hat
radi al di stance fleRCH)enith deotesst hythe gotationtioraliing dévegsts ! Blhe @horh &t dnoSiwi d f 1 ow
velocity (FV) at. ng?t Hoig. In E(gn. 1, a dgisi red boundary condition at the
opposi te 20 sur fAEETds ALY afpynggre ‘Fonﬁat}l‘f P-gaepons) aeayh PERAIUGISH 25 ERFBr t O

i nsure retenti ono@fioral fadiup Rd) well eschWe tcBihghrainBeioth@RALA] 8 that BARBIhEZAL | ON
chanber, a §§unqﬁ1r(ﬁg con&'ﬂ}i on wherein the product of SR and RCF is tw ce

t he magni tud€ of ¢ HE°FT C\?%?ISEH@YS‘EUE‘IT hat radial distance has been
arbitrarily chosen. Si mulWangoasfigsoltinc@nthefdebdM@tion 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 centered on the appropriate radius, such is not the case. As is
20  shown graphically in FIG. 8, as each layer of particles 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 explanation 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 éingle
25 representative stratum of spherical particles confined to a particular radial distance
in a chamber layer of circular cross-section 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



desired boundary condition equations is used to solve for the ratio of the
conic 25 section dianeters when the upper dianeter and conic length is
known. FIV@0 03034782 a profile of the relative nagnitudes of PChaISH2/aea9T el at ed
forces and the centrifugal forces across a biocatal yst i mobilization
chanmber of conical cross-section which has dinensions in this exanple of.
| arge dianeter = 6.0 cm snall dianmeter = 3.67 cm and depth = 3.0 cm W
define the Rel ative WO 03/039702 PCT/ US02336497 34 Sedinentation Rate as
the product of the intrinsic sedinentation rate of a particle due to
gravity in a nutrient rredia at its optimal tenperature and the applied

centrifugal field. For iven flo rate(l IS exa n./mn) into a
bi ocat al yst i moBREISERE P‘bt 2t PR Qi‘fv?lﬁ“étyltﬁ‘ﬂ}lg’aat @@O’dg&é‘ﬁ%a%gﬁ% St e the 5

proxinal end of clf?ﬁru@leé)%l Acysdrilh ToRkich bzatel San eRamRy alisénd® P a eMathimom t he
rotational axis ﬁroduct of the intrinsic particle sedinentation rate

due to gravity Anaticls beraggiohth exﬂéw&ail%c\}w?dscra%ééﬂ@tl%{ﬁteaélemtlwewlgw&}? f1ow

rate in order tQgjgpuRahhsfdavtinesdesiiee Boupdany isandi 0, @ASnd&8e ifiew 10). In
ot her words, the an ular velocity need not be speC|f|ed here since its

val ue depend§ ortielpein thrpehpn praten| Artha abeygr Hmensons yp &4 8 orsbinr zed.

The dotted |ine doprfint il hetir@PiaYs jush 8djhdeRE R the Vedbtuat biP RadiNsidd)€ This
centrifugal field strength fromthe bottomto the top of the biocatalyst

i mobi | i zati on GW&IB®PIC {isipE thdocsbiffoy VelRetdits reayagianhel cady FE&HBNdi ng
val ue of the fl Qw.¥8l.8G) &N des Ak cdshBnPRhLR WS eatch% dﬁ&%{’@ﬁhrﬁ lpgrafepst  distal

portion of the chanber), the forces are equal and a particle at this
position 15 woul d experi eh@émﬂdlsﬁé’ﬁhqs(bp‘@édetwmﬁélaf éﬁiﬂ@fca’e‘%@acﬂha%@r a

particle V"Ogedofg%?rﬁ% Gﬁg%uﬁcafehcé%é EH f dﬁ@exfa%ctﬁat%@ &Bst'cﬁst&l%%{m%?ﬂﬁa' fof

the magnitu centri fugal hus be unfikely to exit
t he chanber, evénmniaed page h@rtb%mm whera apeard pavadigi ehcepirifgad feraes g

t I ke I t
\(/:\/Ir FISSI ﬁg?e;ggarralﬁ]&ﬁg?&& b(%%&tp%‘%%geafle%q éjcasge?g# {atlp’o(tﬂe) patlc‘f\’efefh@ sﬁﬁl@‘%cﬂ@s ocities

fromt f oregol ng that,
subject to the nﬁG&E’moyted conedp tthe fergetyadiug héth@rt@@sai@e‘mlﬁ)o@fa e #paestddncr eases

as rotational r%ﬂhyg dgﬁﬁﬁlﬁ&g@mle siptifthifeo s%l 1%9%? 19 BRTEREHGR pr é%&ﬂg%ﬁrsh

configurations whose shape nanlpu ated in order to est
boundary and5i ntREGnaai aIneEqreI?atth@)rdshrepsbduedametnndltlon of immobility for that

“lowest” stratum of particles is presented. It states that the 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 particles 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 centrifugal forces across a biocatalyst immobilization chamber of
conical 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



the applied centrifugal field and the liquid flow velocity forces at any
radi al 25 distance in order to establish desired resultant force

rel at i onsWom3/089702 he t hree- di mensional particle arrays. POTASaz36408,
however, it is undesirable to utilize geonetries with rectangul ar
cross-sections as a result of the anomal ous effects of coriolis forces
which act in a plane transverse to the rotational plane. In the case WD

03/ 039702 PCT/ US02/ 36497 35 of rectanguﬁ%ﬁ cross-sections, these otherw se
uni nportant forces can contribute to interlayer particle notion. It should
al so be clear fromthe foregoing that the effect of gravitational forces
acting on the i IVId i nde

arti ene ndent of the
Sopl ad centri f o eeion Bk Beue g Bt BRt e Rior G o Ak Fision
earlier. In partdusubagravigyl iCEL niitHent hasdic aeftd epﬂimaf te@paumteyamntharappndraer W se
i mmobi |i zed parti cl el.t her cause radi.al then adi al
short eni ng, suéﬁmg%ﬁﬁfﬁﬁﬁ' mfaﬁﬁ@f%@W’qﬁ (ip ¢ @c %@?l(yg%ﬁ?ﬂélm?zblther
idnt 0 a rggi f)n 0fbuladafagc}rsfeaps;nf:]pibﬂhlzam&mv«;hkuo)ﬂ;a:f;1 Wi maegnmdm@ba (ineages, lrvﬁﬁtd )heOL
ecrease w vel qcity mag it shorte nly a nuc
smal | er change iRoE®at F’i‘q‘lﬁﬁ ’P%ﬁtagy“ é’fﬂi‘”@ @flzﬁtmn ?bébﬁsgadé‘hdc@m ni?u?e
periodic notion efatienapakis| ele rﬂ&iﬁt b thegin@itisicapdronelse@mteeion @R ddeSto
intrinsic mass wll be severZT ened in the res$ﬁce of .such

unbal anced opposTHEVTBAR ey aa§ea<ﬁ K3 qonsiamd i dhet Fven How prle Ehewer 5 of | ow

mass particles, @y Bealelifi uoandah@@ﬁdmbﬁs (ke MGEI®! MehtOv G tHeQhg@ht her the
i ntroduction of or the generatign gases within the inmobilization

chanber. One rayvelasiynesdinot §e sRsrided il% SW ity v fpERds Do BF PHERY" s Law,

which, in egge n(iﬁrtlc?é 8b&% bOAmbtiBcaUaNe dote®lind i0RS:. 1WMHiGRyTEY 1BRar
di ssolved in a I'iquid’is a function of the systempressure, Thus, if 20 the

hydraul i ¢ pressufgatm ihghe| segtiifegat Haldastrengy %ﬁt@eépﬁ@ﬁé0§b%ﬁ%hPfﬂﬁblud|ng

chanber and the ﬂlécgfé'l}gt | inRgshiliAas r@laﬁl@elaanhﬁé Ot RBliE "B Edispl A% € the
mai ntained at a hydraulic pressure sufficient to fully dissolve the

necessary quant iqeyewrndinpiilugeishe favyveleityndyiihe hofemd tigtsnpmiey (Be meny

pr oduced gases, &GhanhoiEr& i LamBs), AR foies L RARCHAAf paliR: dt AP RbdiGAAL | On
nam cs.
Y 5 would experience no net force. At the top of the chamber, a particle would

experience a flow-related force which is only one-half of the magnitude of the
centrifugal field and would thus be unlikely to exit the chamber, even in the
presence of a nearby region 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 radius 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



25 FIG 12 illustrates a system according to various enbodi ments of the
invention. In a system 100 utilizing nethods and conpositions for

separ at i O 0ansb7ds0l ati ng target nol ecul es, such as in chroraiSoys@phy, a
CCD 102 operates in conjunction with a production vessel 104 and a neans
for product capture 106. WD 03/039702 PCT/ US02/ 36497 36 Typically, a CCD
102 operates independent of an imopbilized particle size or particle
function. That is, a CCD 102 can be operat®d at particular liquid flow
rate and revolutions per mnute (RPM conbinati ons where arrays of, for
exanple, either 5 or 200 mdi aneter ion exchange resin beads or gel 5
excl usi on beads e immpbilized: a 2) the backpressure or the resistance
CoC Uraui d 11 ow SrcTELroRr S titss TR T R Rl e ot e

fracti on of the intaekppatsianetiof. an equi val ent packed bed of the sanme
nunber of particles. A productjon vessel 104 can be a capventi | device
associ ated with known ne?thé@éddaﬁ gﬂ?s?q%alrrs ?IBrtgf)rfgf?g%’fl%dﬁatstﬂ%re?ﬁé, Ogr

ot herw se provi dirbgtational Ofosdear idting orattes i ialividasl hetielcogesedushikh qattd, to a
chr omat ogr aphi ¢ .devi c uch_.as a. CCD.102 _A nmeans for product capture 106
can be a convent{ ‘??S’I“?e ﬁ}OPE@e aﬁgléegc‘ﬁe]étflé@%\/\fof‘i‘?s RYroR™ ﬁeéf ﬁwgalﬁﬁhans & ens for
capturing, storiin@icated eflidierMipaticulb €@t/ the hagh effedt offpfaeitP b 6ihsrWikom a

chronmat ogr aphi ¢ devi ce such. as. a 15 102. hown in F 12, a CCD
100 1 ocorven t hMeRa T gaialiol A ST AT BB SOELOT I OF B0 GERE | o g
producti on vesse&jucH @motitie 0€@Dpakide we pletdseHilP briag e Bihes Ento SOkaiddS of ar get

nol ecul es fromthe startin terial. ysi an propri at r suitable

chr omat ogr aphi ¢ 1?%‘“5?’?ﬁ$qfif’é‘f g’?ﬁgﬁ}b@ﬁgﬁlﬁl € ¢( erp%gqoé”é e%ﬁﬁﬁﬁﬁ%ﬁ’é@flw

nol ecul es t q(t hena@ange [QbrtdBdYGHIHCaRY WiBuch08nalBs B tairkl& afeld FI G
12, dependi ng upon the chromatographic techni que used by the CCD 102, the

CCD 102 i sol at gas“"t%%tbgat nol ecul es fromother materials in the heterogeneous
liquid, shown in the inseqsCArQiREREEANMe WebEc PRk bR patifletdiR to
separation of different materials in the heterogeneous liquid 25 FIG 13
illustrates anotﬂ%é‘flta%?%atl SHIPYD 0Pyt BHRTG THEt el sPeapfyerely dampened in the

presence of such unbalanced opposing force fields and will amount to, in the case

15  of low mass particles, a vibration in place.

It is preferred to control either the introduction of, or the generation
of, gases within the immobilization chamber. One may ensure this condition by
the application of Henry's Law, which, in 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 liquid-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. In a system 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.



conpositions for separating and isolating target nolecules, such as in
chromat ography, in accordance with various enbodi nents of the invention. In
t hi s enbowDnsy70DNe or nore CCDs 202a, b can be used in r @SpaISHY/#97
chromat ogr aphi ¢ processes to obtain desired product nol ecul es. Each CCD WO
03/ 039702 PCT/ US02/ 36497 37 202a,b includes an i mobilized chromat ographic
particle array, chromatographic bed, in accordance with a chronmatographic
process. The first CCD 202a can be used % a primary process device, and
the second CCD 202b can be used as a backup or overfl ow process device.
Starting material, heterogeneous liquid, from5 a comon production vessel

204 can be punped to a first. 2 d then t a,secgnd .CCD 202b. An

el uti ng medi um 206 such agsyglcfggq[)&i gaﬁflao ?ﬂ?%sclﬁﬁepeﬂqﬁfg(?gia’ﬂi“(’.i‘ﬁlohé??cgned to
Cﬁuse the el ﬁti Oparedle ‘silbeeoﬁlﬁftgs@tfuﬁaioﬁgurhaess,ﬁmn mcahrnsaﬁbérhﬂemq;arﬁc%lar
chromat ographi c particle array, can be provi to eacrk 202a, as
needed. Typi cal Ilﬂm‘%\/ﬂ%‘ﬁ r?tﬁén‘f%ﬁ?laﬂ?qsdm ’glrnB?ﬁ (g(ﬁg([)fcmn 1aess Wigsarathes a 10
particul ar capacfot Yexamplbs efiee st of 200 ginf ldWetes i6h \eREHaaEE t@id Badseeqad CCD

202b. Respective produyct. capture reservoirs 208a,b connect to each CCD
202a,b to c Ie"c?‘tCR‘F’QP StdspF dREeRidzed; g fzﬁéh"cg?%ﬁﬁﬁ%l&r %rp?clﬁeéesbsrtaé‘(‘,%é%es

i npl ement ed by thgid @oRShAZRal arrdy HORMPLATYE haiiest & 248all S&lnas e | i qui d,
is ouput from eac CCD 202a,b.as a result of the chromatographic

processes. Typi c2ckRressareofpip giiyalmt Pagkedhed peibe symesughbey af Raicksyvoi r capt ur es

the non-product waste 210.A FRHud%ARBdsE, 104N8n BNt doRkakisndl |deWed ¥REisdyst em 200
can be used in c_on| unction with classical ion exchange-type or.

affinity-type chVvirieeygraphods e srstesnsder prodticHg. §iordge o §Ihayise proyiditgels ses i n

conj unction \ t hydies GEddsials BPMerbfenedud Siqhi@Nol RSt HaMiS HSEL AP o t ar get
nol ecul es can be obtained froma 20 heterogeneous |1quid. A contihuous
fl owtype procesSCPi¥Penented by the system 200 is described bel ow

Initially, a starting mat e hflns f&?ﬁa‘é‘cfd%ﬁdﬂﬁtgge ]!géfﬂeallfjbe GORLANAbAY detidd g6t

nol ecul es is introduced such as being p roma production vessel 204,

to a first CCD 2@seeiatahwith kpeyer meodcind sygstene for sprtiang, ylosds oF loldrise t he
first 25 CCD 2023:difing ofi bOBRICHLARY ForR A dnkthftoh® A&l M £e$ N
particles. The
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
api)ropriate or suitable 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 illustrates 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. Each CCD



target nol ecul es becone immobilized within the first CCD 202a. \Wen all

avai l abl e binding sites are saturated, an eluting nedium 206 subsequently
el utes tweod®e3i70ed product nol ecul es fromthe support. Westrashd/sdd from
the first CCD 202a is then diverted to a waste reservoir or to non-product
waste 210. In this WO 03/039702 PCT/ US02/ 36497 38 manner, a nore purified
and concentrated product nay be conti nuogztsj y extracted fromthe production
vessel 204. Wien the first CCD 202a is abtut to reach a predefined target
nol ecul e bi nding capacity, the flow fromthe production vessel 204 is
diverted to 5 flow through a second CCD 202b. Qutput of target nol ecul es
fromthe first Ggb, uct capture 208a where
a target mol ecule |qu&u&ggnE‘Eﬁgblggedgk%%{&qggpbhéﬁﬁg%la§ra )g RS HECogr am
Qut put of t ar getbefrinagedréasce fithm dhivenagmophid pmasszoma fﬂamC(b]B 2d2ventied to a

second product when t | ecyl e bi ndi ng
capacity reacheg"@{éiH %{gge' [ ﬁego%ggg%ﬁh g gy Sg(fotnﬁqﬁjé %8 ?lgﬁe %g)a?GZa or
second CCD 202b,ba¢kupwr ousiflpe pdicesrdeeide. Startltl@ma@tlhlehet%@slﬁ&lsﬂﬁl@meﬂmﬂ nthis

manner, the f5irst CCD, 202b can_be operated in

al ternati ng per |Sdo ﬁél%gg%\??geveﬁsegéﬁl Caﬁﬂ’&?&“’??%@ %@St @ggizﬁéﬂa%%ﬁh@t

mol ecul es. FIG a18¢cq>11dl deDrazbs Ametuhies neyinineP06300h Uk id kiqiider ARhigds and 15
conposi tions for, ti,n |sola i ng target npl ecul es, using

chr omat ogr aphy, O%ﬁggt(rlzoé%ofie ed %, Wi P @Fl%‘ﬂ?ne 84 st oQleculendiqmiant i on.

In this enbodi nmnmoblhmsrbchmmamgmﬂmmwaela%&ﬁﬂ bk Pro@ide@ ) éaBMEUD MBREESS
fl owtype schene in nol ec pr.oduct nol ecul es can be

h r.we
i sol ated and pufi ¥ dﬁd f@ﬁﬁcgﬁ H@?gf@gﬂﬁg&?? h?lal}}“?jﬁr%lqg@ aP2a paglke asyst em
200 in FI G 103, pﬁﬂﬁ@ulﬁl}/&dp@dﬁy?)@lﬂ)s&@lelﬁﬂmﬂdl dew ia dhehed Rg@l@es@éb%d'dcﬁiy'z@zt{]f om a
production vesse| first CCD 304. In the first CCD 304
cel lular portio e??remﬂ‘f‘?eprﬂ 196 CERIR GRSV FOBaD jconpeshisy exrh CUAA08a.bgodi ver t ed
to a reservoir soltt AszeRADIPIIBNN6H MGG W aphNEXbeestd l'iquid
is passed fromt f rs% CCD 304 to a sel(l:on C(h%% 08, %nglr%lgglr%c\{/vﬁﬁr% | ecul ar
wei ght protein Nt I’Q?l§rQﬁu%tc‘ﬁ%S¥feHOaﬁ&llt4ﬁé lllql@fhllel e tfwimeasly 25

Eﬁrget mol ecul eE0rB202a35RG eI MRS BRBPIPh &Rk NMyeGH] NS85t € from
e

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, a starting material, heterogenous liquid, containing
target molecules is introduced such as being pumped from a production vessel
204, to a first CCD 202a. The target molecules are initially adsorbed by the first

25 CCD 202a in a chromatographic particle array made from resin particles. 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



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 wawsostsoand then elute a nore purified and concemCratSez3qept ei n
target nolecule. Eluent 314 may be added to each of the third CCD 310
and/or fourth CCD 312 as WD 03/039702 PCT/ US02/ 36497 39 needed. Waste from
each of the third CCD 310 and fourth CCD 312 is diverted to separate or
comon reservoirs such non-product waste 3¥16. A fifth CCD 318 and sixth
CCD 320 are enployed in alternative operation to adsorb and elute the
protein product fromaffinity chromatography resin arrays. El uent 322 may

be 5 added to each of the 3 d/ o |xth
Vaste from  eactiBFCk AAFY PIHehAs SIS AR e SNy G £ o
separate or CONMMEn tHe@SRiM@Inv8ss8LIA. non- product waste 316. The resul t ant

product streamis an outp 324 in the protein_target_ nulecule has
under gone at | east four g\é]ﬁ’éﬁ}?q Gyt Cﬁ? gﬁ% Hgarbélb%‘ioclei‘ﬁ?r?ﬁ’?eéﬁﬁl?egnta@%ps 10

FI Gs. 15-24 il ugbiealiEbiMdieNeapadityd i @MkCRor? &hee}ﬁ&meactnuﬁes@c QMﬂldMﬂ%@to an
enbodi nrent of the invention, also gener allﬁ%fntnown as a Centrif

Chr ot ogr apRy CEUY teeugh 2 sesersl COPRRIZR i hefitresieslprules ﬁiﬂ’i“rtlé%fgsg CE® an

apparatus for sufpshanh inghlot ERRPRAAL pRALANG: a@k@alm@ arget: Avkegylies, such
as in chromatography. Dependi ng upon the F ype of target nolecule to be

separat ed and 15ofledtapeehovahy thhacakgne romareraeDOrRIROhaTes Balegples
chromat ogr aphi ¢ fP&rR‘%l?esécmMaé('J@%Zb ShY 0B O deBhYseb BRI odcl @3@69 ke
utilized with a CCD. | lustrates a front view of a wth at
| east one chanb7e9|8b40ﬁluﬁowh@e@8rtaltgptn@w@ﬁ]de ibaglinegt mgﬂtatleql@a%@ Pé‘?f@ﬁned

bi omateri al . HIEY S chanber
402 positi oned aﬁtrmuﬁtﬁ)?%%%ngl %tucl ﬁé@l%&% a sha tﬂé@l%fgl?gN%Pg%?ﬁiat t he
CCD 400 may i ncltadke ethyr Gitlrbeneeded. T@lhhwmnsem@lz T G2 402acant] e selaeifd 404.
Turning to FIGs - I caV|ty
406, an out put c%%%?og@gaél,%%%ﬁelita%gel%?%&glﬁlatﬂng%?ﬁdggd I%%hé/gg ﬁgﬁ&g’u@ﬂ%f orifice
412. The shaft mradsord)@upﬁm@lbduyescorrposed of a stainless steel, typically

304 or 316 stainless steeng? gategrﬁ&g%ngg%b %dn??ﬁ?mﬁﬁff‘?ég%gm’ t he

shaft 404 nmay be conposed s 1nc
15  compositions for separatmg 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
liquid 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 downstream purification sections. Waste from 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 alteratively to first
absorb and then elute a 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



steel, iron, and titanium plastics, conposites, conbinations thereof, or
any nmaterial capable of w thstanding stresses devel oped in the CCD 400
during oweransom WO 03/ 039702 PCT/ US02/ 36497 40 The i npot/usavsddy’ 406 and
the output cavity 408 preferably are positioned within the shaft 404 and
extend throughout the Ilength of the shaft 404. The injection orifice 410
and the output orifice 412 are in fluid comunication wth the input
cavity 408 and the output cavity 410, reéﬁ%ctively, and each orifice 5
contacts an exterior surface of the shaft 406. The CCD 400 further includes
at least one injection elenent 414 which is in fluid connunication W th

the i njection  OHECIAOFSAGE L LIS I SRANCERMPRIA0Z) 2o shown

in FIGs. 15 and ™% urall |n ec
el ements 414 ar esepdrotemor camméi ﬁserﬂgﬁv&sudl\dﬂbn{m@haﬂ Waste Xllae A(ﬁm @KDID 3i® alhdees a

Zﬁa{‘zafs?roaé“ i‘L;%»%até@%%g}%mﬁ%méﬂOv %éemif? agq‘é’t%%%;l o Bty hag&ﬁt R0a s
shown in FlGs. llﬁro’rzﬁh, prad Sffi402 ciiryrphtogdaphy debialand@s Elwent 322 HeL6,
Aternar vers cbar Sisge B S EER 1Y e Btath P §asrerte Vess e of 15

wi t hst andi ng t hecash 6£6:S EFhdRYBBOPad ik OUD s1vek alveAdd Rfscpdige 6:dIndléh and
may include, but is not limted to nmetals such as iron or tltanlugg

pl astics, conposicieaoirs sHelymom-Reeshint Wasts Yiis TR EFBIANT PIOGRE SRt IS iR OpR

enbodi ment, whersashg validlethe 436telf targbthBole AT RAN B oy & 18dst fologghdiRik] t hat
each chanber 402 has an interpal cavity 418 in the shape of a triangular

toroi d when vi evBEPMHRIRRMPEIIgEIONEGPY her more, the 20 external shape of the

chanmber 402 jigs_desi rably ﬁ:@mds@m%mﬁ@lmﬁg%@%diemger §ddRrands Wocosdide s 416 are
fit together. The outernost portion of the internal cavity 418 nmintains

an angl ed porti o sPQodiEcnedh BaCHYIHERr PP SSUPRHE duFIt e ac hanBEIE402

when vi ewed fromg, ﬂ%gsamnngﬁ&ew oD ertme%raaam{egt gﬂaem i9RFEdddional axis
of the shaft 404. The angdl ed portion 420 may typically have an angl e of

about 0 to 90 2@raeys dessubaneially sppewfing apd jFolbbetargms Rigr e SUCTRE Mangl ed
portion 420 s ho%hgorpﬁog%m. tﬂ%ﬁémdﬂ@%ﬂoﬁ e tﬁ@@f ‘flaQ&:t h®lecule 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 illustrates a front view of a CCD 400 with at least one
chamber 402 for separating and isolating at least one biomaterial. In this
embodiment, the CCD 400 includes at least one chamber 402 positioned along a

20  longitudinal axis of a shaft 404. Note that the CCD 400 may include any number
of chambers 402 mounted to 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.



in operation, a biomaterial (not shown) that is contained within the
chanber 402 forns a substantially stationary chromatographic materi al

whi ch doewomam3gront act the exterior surface of a manifol #CIIESewss4422 or
the shaft 404. Further, the WO 03/039702 PCT/ US02/ 36497 41 chanber 402 can
include a transition section or walls between the angled portion of the
chanber and the sleeve or shaft. Typically, the transition section is
conposed of a surface that is generally hogonal to the |ongitudinal axis
of the shaft 404. Positioning the transition section in this fashion

di scourages the 5 biomaterial fromcontacting the nanifold sl eeve 422

during operation of the 400 t her ehy ||OMAn the b teri
performits intended fungfﬁéﬁmuﬁﬁ@mgfgg ar 1@de éagﬁh ngﬁﬁ%éﬁ

typical l'y fastenpdiibRActinsh theldbaf4anPlekiead ihtongBdut Bel1bg1dehe sHag 400] ts 424
are positioned within holes 426 |ocated around the perineter 428 of the

chamber 402. Al tieraiestias gifice 448, 2ad the oyipun epiics412ase BhﬂwﬂéPmH’G?w?Fﬁ&P be hel d

together using apy @saRut BRMY 408 aldasd anRlt2aaty 410tﬁgiecﬁ@h3eaﬁpéak1eoﬁmnect ion
nmechani sns. Once the sides 416 of the chanber have been assenbl ed

t oget her, thé wicgplcden eRisTiphigkpapl té%\?/liatfsﬂ%lsﬂ@r C@Héoe Hurtse includeDatrpy be
appr oxi et el y 2. lgas{ &{Ehﬁ_{%ct(o% e?enﬁam 41W\$H"cht1§]ﬁl i@ & hRniedtioh RemaRaneeion 402

bei ng apprOX|nateﬁ% .0 1nches (30.5 cn), and the dianmeter_as neasured 15
bet ween opposi ngrifist #40 AQ@pﬁ)SstlQilp miRinrracle FRanteg 407 @p gkovip B GedS andovever |

other enbodi ment;g,0 tm%\%ﬁé&ﬁ fufh%'t;“&'ﬁnj%c&&ﬁél&ﬁénté@& REARh in

di nensi ons in accordance pe of this invention, as set forth
above. A seal bdilGebid. cAdditigially, thﬁl@CEﬂQO breludet aybans Iﬁ@dofla@lilgﬁe haftddti ng

O o o0 T B oY pRS: (PO el el L BL) e WAL R aBf B> SCC

portion 4327720 of ein cav of the cha ce the
sides 416 are adsmﬁnﬂmeﬂ,aﬁshéﬂmshaﬁn@%% contacts both si des 416.

Al ternatively, the seal bet ween eagh. s
created using neans inclu |ng*w%d}ﬁggti E%ﬁ%e nﬁ) ﬁofﬂ@ﬂ?@%uéﬁﬁ nR%%eS|ve
a gasket or any sidepedlsf weleel anly batempakd ofsa srhncbmlmuchla@sstaum&,s 24A- B

22A-B, the shaft, 404 can be,di. i ch nDunt
to the chamber AOFTHRIVEY: ﬁ%& Siflfy & géﬁ@fg?(mnl ¥§ngpa?y]né%nﬂh Fﬁ@e si de 416
of the chamiér 4fizhstafdihg amgeredsdd derlopat humfgr dpecmionfof theeCCD 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  external shape of the chamber 402 is desirably round and wheel-shaped when the
two sides 416 are fit together. The outermost portion of the internal cavity 418
maintains an angled portion 420 between each interior surface of the chamber 402
when viewed from a position generally orthogonal to the longitudinal axis of the
shaft 404. The angled portion 420 may typically have an angle of about 0 to 90

25  degrees, 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 stationary chromatographic material which does not contact

the exterior surface of a manifold sleeve 422 or the shaft 404. Further, the



shaft 404 permts the shaft 404 to connect to the exterior surface of the
chanber 402. Bolts 436 are positioned within holes 438 located in the
fl ange 43woan@397omchi ned into the exterior surface of thePcharshrs64402.
Al ternatively, the shaft WO 03/039702 PCT/ US02/ 36497 42 404 may be secured
proxi mate to the chanber 402 using any assortnent of fasteners or other
rel easabl e connecti on nechani sns. Once the shaft 404 has been connected to
the sides 416 of the chamber 402, the shatt 404 can then be driven to
rotate the shaft 404 which transmts its rotational force through the
flange 434 and 5 to the chanber 402 Referring now to FIGs. 23A-E, a
mani fol d sl eeve E ‘®?anbe i ncl ude a

BOF

. _A.chanber . 402
mani fol d sl eeve 5 TR PR s ARG B Vb ot BB
channel 442 in af fhardimbél &ndoﬂleltmvm?isﬁﬁl d Typicagx;ehe’-la-ansuaonpiwﬁ@i i ydof
i nput apertures 4 ur of _out put apertyres 10 446 t endi ng
bet ween t he |nplﬁ°“¥Pﬂ%FﬁrPgla§u tﬁﬁ %‘Jﬁ?lﬁmo ]EP&HWgIt%thE %ngltr“égadé‘éisl 19 and an
outer wall of thgafemuf OPﬁlslfidnﬂ%Vﬁle4t?a351t18{ eégtioalih Ythist Ashib @istourphamnel 440
is positioned at .a m dpai nt of Iongltﬁéinal axis of the manjifold sleeve

422. Al ternaty vetigmatetal f'ioﬁ‘p‘i?éltaEWéﬁth*‘ePla% NES e Hé? 66@}&9136%&11 ot thet(Phoi nt

al ong the |ongi t4edithadbyadXo®in@find hema@ni foeghomh REMEAdLamdtdnt he preferred 15
enbodi ment, the input channel 440 is EOS|t|oned between a plurality of

output channel's 442. O rilhgsidaxdle afifuehanberf3sare typicaly faskmed ineethes pi cal | y
located at a r%ﬁ@s@glu@ﬂmﬁofl'é&tsamngrﬁeh@ouaLEzaraléA@!)Jm&ltedtwhﬁmnm&sf pg sl eeve

422. Furthernore, o-rings 448 posi tioned adjacent to the shaft 402

and around the ilAais sewnd Ge |PP1i11@étem‘!L?(§ ﬁrﬂ‘!e ehranbsy it Adepiively, gach sidehe

0-rings 448 OV41%%f ﬁle%(ﬁ%klbérqmﬁ) ‘irfé'_? 'bphéld to%gthgrl déin% aml Qééloﬁ%&%?ﬂst%l@s §1h aft 404
and the cha mani f sl eeve s positioned in the chanber

402 so that t hg)thqxps@l@asema mmeﬁmorle@hamsné r%m? ths| sefles Kb olethg leunbsr 4R fluid
conmmuni cation w Aﬁfge Béegﬁﬁéeeﬂlb?eﬁttbé%ﬁ] P rtﬁef\i/lﬁﬁl o%:‘:lge 19{er1'fabceavf[? Qié of‘H?e ehaf%.ggr each

out put channel mani d sl eeve s in. communi cati on
with each out put403rmdyi weappicxizBely Goandds (G- T hinhwith éhesmaﬁ@tem@ﬂ.le ¢thamberch a

posi tion, the o-f,nias, 448, L9GALGC ek IRER0 | N MBI £Oufhndl Y frcdRRend L he

sides 416 of the Cha ma sea
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 interior 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 be created using means including, but not limited to, a
releasable 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 portion
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 located in the flange 434 and

machined into the exterior surface of the chamber 402. Alternatively, the shaft



prevents the input fluid frommxing with and contam nating the out put
fluid. The plurality of input apertures 444, extend fromthe input channel
440 to t hwOow®anay702AD 03/ 039702 PCT/ US02/ 36497 43 wal | of whe/usansdsol d

sl eeve 422. Simlarly, the plurality of output apertures 446 extend from
t he out put channel 442 to the outer wall of the manifold sleeve 422. The
mani fol d sl eeve 422 is sized to fit conpletely wthin the chanber 402, once
both sides 416 of the chamber 402 have bekh fastened 5 together. O
course, there are numerous ways to position the manifold sl eeve 422
relative or proximate to the shaft 404 as woul d be understood by one of

ordinary skill [n the art rthernore, | e understood by ope of
ordinary skill i‘hﬂt Hay bSrSFCLP?ngrqujégft% 9 glenﬂ}aé%’?]hﬁﬁz IFES Y FUTEERLADI i sh

pl aci ng the CCD gQbherdorfotet Ebleaﬁdbm’ﬂd)ﬂh&:ﬁ&ﬂ 1@&11%1E1ﬂs aOﬁ&lﬂﬁ&ﬁlaﬂttOél ARWbed | Ui d.
10 Fromthe internal cavity shown in FIGs. 15,

16A-B, and 19B, @Pﬁﬁcﬁdéaﬂleéﬂeﬁ g%%f thty %l%f‘rf 4%211@/?1’éﬁ40ﬂ)r>%}ﬂaﬁn badriyen tachanber

out put apert ur esrofhhe Ela@mol RASD tARGHKULQSatAl fofdeUhdudd @Y Bl UB4 QHOh a
chanber out pusf31 channel 454 to the output aperture 412 and then through the

shaft 404 via tRéeghamby 402vity 408, where the fluid can be collected from

the CCD 400. 15 As shown R@fel':rhr%no%vSto Ptl@se Zggil %qgalﬁigldcs@&'{}@ﬁ;r%%ﬁrﬂbe}%e shaf t
404 with a drive pulley 456. I'n nounts to a stand 458

and a notor 460hp¥ncohrbankyd ‘U’izaméy plgluri@y lb%aﬂlfokt ﬁb@vesﬁd\/\mwrtgoardmpv*e t he
drive pulley 456cl1ann-ghﬁ461ra!t \’fcedspbltllel Lﬁ%ﬁaﬂn@ mcﬂarﬂf ﬁ]ﬂ%( ‘)Gali %ﬂh%r}ﬁzgn%fﬁ the

shaft 404, preferably using a weld, an a esi ve, eyway, or
mechani cal -t ype sesrndh iagiuraiitief straheped®8s 244, pod htplonlgy oh eutpiaberites

per pendi cul afp t o 4% %@ﬁ’dn‘éﬁ? f?xger@xll tilé’riﬁ}gut‘l’z‘ﬁ{a IIEI:H S4bY 1dc% ﬁ%h RE ‘i(flglrerlJZShed. by

| ocating the sha to t S sur ace d 458 is
designed to restrﬁsp@ttlvtelyeandhafquteﬁmllqudmlamyfom)slewe#tz?- é’xezfapltly,rtbet apitonal

novenent, about CtllQI%le Q t[l)%%c&ge(m%]ml ou& F%Wslh Eudhlaf%m grthte m?}ll(l)ff)ﬂjtse whi | e

nounts to bearing assenb
maintaining its SIeEwepe%Z tAb@matimlyoﬁenmm olmmetlwéo mpdydre pbifiohesl anae;dpdmt rotate

e enatt 401 ang, g lngBE SRATSP'E, 408,881 AEDETGT TR B e,
the shaft 404 atenéodinteat, ¢hel@pur eidnhy] 44hés psitfoned 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 410 and the output 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 channel 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



In operation, the chanber 402 houses a chromat ographic material,

positioned between the exterior surface of the manifold sleeve 422 and the
interi or WO 0383089702 PCT/ US02/ 36497 44 surface of the clramtizsn2/3a27 The
notor 460, together with the pulley belt and drive pulley 456, rotate the
shaft 404 and at | east one chanmber 402 at a desired rate. As shown in FIG
24, the CCD 400 typically includes a shield or safety containment chanber
464 which may include two hal ves and may 4% hinged or 5 bolted at opposing
ends of the stand 458 in order to allow for easy renoval of the shield or
saf ety contai nment chanber 464. The shield or safety contai nment chanber

464 provides a th barrier. or at,.cont ai.nnment.. deyi ce for _maintaining
a const ant tenpé%g{aﬁgeﬁﬁgﬁﬂgskﬁ@ ié@aﬁab>§EE§F¢“X8ﬁPEPWﬁ@ﬁFmﬁ%ﬁQ%ber
where the chanbesxtehlZosohé aithg chii@elcal et ogEaRill 6f thedhefifcd sleckh@ 422.
Furthernore, the shield or, safet n ainnent_chan%ﬁr 46i§§rot%cts

cont .
i ndi vi dual s fron1contactFﬁhnpﬁg%pdﬁﬁW?ﬁazdﬁéﬁﬁgﬁg oeempAgtely ety Beher 402

is rotated, presmsubdrzesd, fdutd BofhSsiidpimabl Yhedelamber @tk tiaveaedn ehpndier 402
via an input feed tube 460, the input cavity 406, the injection orifice

410, the pl ural itPsethsr PApRIESCafsrer T wanerons Avays oaPasttigh e h3piigid sthstptd2

apertures 446 andafiteoibifidbietty tRf shhiph@Lid WoulEbE IRREFoolDbybhd of JHagaBr essur e
of the fluid may be nonitored using a _pressure gauge. The injection

el enents 414 rel i@ thnat pPedeupers.avil| b endpebri fmeee poordmaryiskilpitesy
surface of the int@hdbre G@MbteYihdl Bnddfay REEHHIRE H1ARE R eber by dupcat ed

the furthest distance fromthe |ongitudinal axis of the shaft 404. After
the fluid has bewmnpaicetiegewith ¢ pargelafimput flsds from the 20 outernpst portion

of the int erlQ)a‘l cavity 41§ro§H tﬁehﬁteﬁﬁ‘rf"@ﬁg ﬁ(gZofi ﬁ%’a{ﬁlgxlnuehrt m&%&' sh(;vﬂlein

plurality of chanber output apertures 452 |ocated on the interior cavity
418 of the chantigs. ¥HA6AdB.avenidR. dluiheamexit thel chambered® 12 Pty ohe

design of the = CAANBEIoAAL Rt UL AP Absc!DEALE, 492 iRl 0L blogRQVe, he

fluid injected into the r creases In vefocity as It hoves from
t he outernost porheinber cofput than@d 4phtoethaaltpe apértuye 4123andfthenhibropplaiinb elrafi402

the 1urd s rediagi Bkl iFuof hiee bl Bt Mo IECD M oY 202
i ncreases irl%size nmovi ng fAschevhen G é5,nbs CCPotli ismomfectethdo 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 parailel 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 attached 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



internal cavity 418 of the chanber 402 toward the |ongitudinal axis of the
shaft 404. Injecting the pressurized fluid at the outernost portion of the
i nternal wewsHy7WD 03/ 039702 PCT/ US02/ 36497 45 418 of thecthmsobamz02
positions the fluid so that it nust diffuse through the biomaterial before
it |leaves the chanber 402 via the plurality of chanber output apertures
452. Fromthese apertures 452, the fluid travels through a chanber out put
channel 454 to the output aperture 412 arf¢ t hen t hrough the shaft 404 via
5 the outlet cavity 408, where the fluid can be collected fromthe CCD 400.
The CCD 400 positions and suspends the particles that forma

o oart ol aa otk ety Ahr b iehP SRR A ey Pl g O
chr omat ogr aphi cadrivk palidyl 4583 raddte [HeOMES 464 andLE) 148t BBNEHaobed4GRon \vedesirdde  CCD

400 may include a plurality. ha | ocat ed. adj acent, one_,anot her
on a siyngl e shafrf‘tefloﬁﬁ 31%’\}%193%(} lg?retggﬁ{gibg&)z%lfa “’51“3?%3? iS’?’;gldo?r ekBber s

402 may be i ncr@agRehehicdideRiE whidhinla@ iltRidettab Halgs hitPinhy bé higglbar
toroi dal shape, to inmobilize and maintain other biomterials or, materials

used for 15 xhrioked ¥gPagrecaas piike sphdSdR oplebedloudor sasy Emavpedtfhitesent

invention conpriges et oRbinsRRAERIRN 464, ThargRld sOLAEBK I BEtakI¥RI | Si Ng
conpositions conprisin romat ogr aphy beads, particles, resins or gels

C _ )

that are used i rehappar g?‘hsp_f%l‘é%f‘ér OB ier BATTET NP2t SppeaimeRinfevies dor

di scl osed her ei Ny, IioAdhdtORmpehtuiE iR S the CORNO Tt §:905 cor@inafRel _
apparatus are contenplated by the present” i nvention. As used herein and in
the appended cl ahpmbert fbewsi Higulchymyesy #2 ogniains »i4p chrgmgfosppie PHENde
plural refergncep il aRse, HAesAN B Xi G BRbIhehPamBECAH 408 BREN R yiduald1US, foOT
exanple, reference to a "conpound” 15 a reference to one or nore such
conpounds and i niitnyderiacsingi tharetating ehartstf 40nown the chaple URiiFITeln t he
art, and so 25 r&fs&rge% Hlaas ap&tgfvw @&ﬁefea RELWh SBm1Rf 402 RE mngal fediYbe
scientific terns use erein ave the sane neaning as commonly under st ood
to one of ordi nad6p, thkirphit ¢anity #QO, dlretinjeetion orifice 410, the plurality of input apertures

444, the plurality of output apertures 446 and the plurality of injection elements

15 414. The pressure of the fluid may be monitored using a pressure gauge. The
injection elements 414 release 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 longitudinal axis of the shaft

404. Injecting the pressurized fluid at the outermost portion of the internal cavity



whi ch this invention belongs. Al though any nmethods, devices, and materials
simlar WO 03/039702 PCT/ US02/ 36497 46 or equivalent to those descri bed
herei n cawolg/oswerd i n the practice or testing of the i nveariusny/3dbe
preferred nmethods, devices and materials are now described. Al
publications and patents nentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for exanple, the
constructs 5 and net hodol ogi es t hat are“described in the publi cati ons,

whi ch m ght be used in connection with the presently described invention.
The publications di scussed above and throughout the text are provided

solely for their, disclosur rior to the fi.lin te of.the, present
appl i cation. Not‘ﬂgr?s% ee%fgfnﬁ’e’ipédzt %055[5)11%6}?5{11%3%!%5%%&%“% rlrgﬁésgﬁglr?uglhg}le t he
i nventors are ndfiondMrial beforetioleavis ehtatiamdexcd02diis the @hualey by chwintbetieutpdit pri or
invention. 10 It is to,he understood that #ﬁis i vgnthq? IS nog limted to
the particul ar REFRSIN 0giOTpPEIe TS dart e I8 TRGRSTTUEE & h4RECY eagent s
dﬁscri bed hler ei rbuﬁﬂgcl%ﬁnel g8¢ ko ﬂﬁfaysumampemhre 415 ara ﬂi?l g‘t@outgﬁ thendhef 40008 tlhat
t he term nol qgy use ereinis for the rpase escrihi parti cul ar
enmbodi nent s 3n| yhe ot qagitn s, Wh"trﬁﬂlféﬂuq C&gh]’le ﬁ‘ﬁﬁaotﬁﬁgon ﬁ%@ggo‘ﬁgt he present
i nvention which will be |THe ted 20U Yodont hed appentede phaics thit Fokxanpl e 1.
Formati on of a Chromat ography Bed, An anal ytical-scale CCD unit equi pped
with a Model 10 mwatqgraahgg%gfem’arw bopldcitlpppicri 288 +oR Vlamparciis: al
volurme = 30 nl) wagido sedM dfhoge Mz @ford GoMphafelcBfab® aFSphtaitg( Cat .
No. GP0029, Wi tehouse 20 Scientific, UK The CCD unit was turned on and a
RPM of 350 and ehfqmsipesahicddygetions eprerfssgt-ycerol - 0.01 M sodi um phosphat e
buffer (ph=16 0) was iniAial@foneinBHoPVat ¢RID AP eRHANERIOR fility of
i mmobi I'i zati on chanber and its contents could be continuously observed by
means of st robosdapbes 402 lerHnadipemt omyanptheupy et Beftdlt5 ni/nin, the glass
beads formed a cl assical y2R-RAGKEREMAr 362 bhSlulaBRGs AdinYsrs 1485 MaHale portion
of the chanber. As the flowrate was increased to 7 nl/mn, the packed bed
expanded to an dstrpased éul diashaiere vafile 3maintainaied thsecispg e Ereigd ByPYi Sual
exam nation. St pW Sl NGheasesnil | d! hibdhBWiald abe TaRiflé- Jged™ /i80 N
resulted in virtually I medi ate stepw se expansions of the

15  chromatographical functions 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 herein, and combinations of methods, compositions

20  and apparatus are contemplated by the present invention.

As 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 terms used herein

have the same meaning as commonly understood to one of ordinary skill in the art to

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



bed volune and an increase in bed brightness. Simlarly, stepwise flow rate
WO 03/ 039702 PCT/ US02/ 36497 47 reductions resulted in bed contraction and
appeari ngwom3daa7hen. At all flow rates between 7 and 12 mCrnisny/3d4ber e was
a clearly observable division between the short-radius term nus of the
array of glass beads and the flowng liquid exiting the chanber at its
short-radius output port. 5 In order to assess the honogeneity of the bed
fonned by the nethod outlined above, t hdol i qui d nmedi um was changed to

50% 50% (v/v) glycerol - 0.01 M sodium acetate buffer (ph=5.0) and a 2

i nL packed bed of glass beads was expanded to an apparent volune of 4 ni,
denonstrating that be fluidizati.on.was not, dependegnt _on either b er
chenical or [iqdf &q'bl‘ﬁélelﬁé%ﬁfos%&fﬁr%gdm i G lilsg § THC RERAIET O R otﬁt%% 1%
Trypan bl ue was ipveafiat, @@ pasierednoaieds, demices dnh ena€Ehls ate ndwndeberibed. After a
short delay, the entrance ﬁf

t.he .bl ue-cotl otred i 8? d. medium.in %ﬁhe
i mobi i zati on chanber waS! SBYEAIYE 20GRECHP SyPaasd Bpem Ha PReraRid“f ¥ dnt as
it mgrated antibyrrafdteatd fgr thapotpgse dfliesceibingnde distiedng datl ettalnple, thbsarsteds The
progress of the dye front was very.reqular wth nq.evidence.qf . 15 .
channel i ng or ot rmefﬂf‘odlﬁ}tog]le? Blj‘h Iaﬁ)r/ﬁlef?r diT t]i‘%@ﬁﬂhf%’loaf’z‘%&aﬁgﬂg%tﬁ‘?eusgﬂ)il?i ty
to expand and cQBhfctién Wiethgpasentheretrided Gyedtiono TP putighiiingkiBcayal #pvbdy
means of flow ratg changes, at consta.lat

RPM and th egularity, . the dye
penetration of the peLEhRhihe Exjarnpigyided F%%Ylﬁ?%\%“aréﬁ%ios rt‘?é’tnoétoctpﬁgé’il%gaﬁe y
fluidized bed hagtkegsehioppRdtior ONEKARDERInZs td BcolxaRangen sdniicsiat waraphy

The ability of a bed of 30 m,gelgass beads i bilized in_an . .

anal yti cal - scal 0\ #F poteptitedip pitdaiesne sl dY THMG AL PBY R ERH e
properties jg@as assessed jiis thive uh@drdien Re thBMRkAtion T BotThitedas tRparRuRE at
RPM = 350 and 25 a 7 nL/mn fl ow of 50%50%(v/a/) g{){c rol. - 0.01 I\/ésodi um
phosphat e buf f ermethgsiglogy, Tgptogels Rapiclssat@aruets @pd sapyityfesgiited et dad A d

been placed in tdeh KBAIRS! It is Md BrbcR@bertiOs L B8 chalolbes Bsed @BRASE: fat e
(flowrate increased to 10 _nli/mn; saw subsequent bed volune ri

€.
decreased fl ow rP¥Rese gt desprbying particulay, ogibgdiments only, and 1s not intended to ﬁmlt the

scope of the present invention which will be limited only by the appended claims.
15
Example 1. Formation of a Chromatography Bed
An analytical-scale CCD unit equipped with a Model 101096
transparent acrylic immobilization chamber (total volume = 30 mL) was loaded
with 2 mL of 30 pum diameter glass beads (Cat. No. GP0029, Whitehouse
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/min resulted in virtually immediate stepwise expansions of the

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



volune lower) a 100 nL quantity of 1% trypan blue in 50% 50% (v/v) gl ycerol
WO 03/ 039702 PCT/ US02/ 36497 48 0.01 M sodi um phosphate buffer (ph= 7.0)
was punpewoioamss7ohe i mmobilization chanber. As this sol urcoruspzassen

t hrough the inmmobilization chanber, the clear, colorless beads took on a
dark blue color. After about 15 mn, the liquid flowinto the CCD was
replaced with 50% 50% (v/v) glycerol - 0.01 M sodium phosphate 5 buffer
(ph= 7.0) without the dye material. The Yl ass bead array was washed cl ear
of unbound dye for an additional 15 mn. Wile the liquid flow into and out
of the CCD unit was now clear and colorless, the fluidized bed of glass
beads were stil ar k| i i | ey a1shdwidiby | ess
darkly than therfiélfﬁ/g?nes re%;rlr?%iﬁh %gq?%&?%lp%l&mn&p%%ﬁ@@%ﬁ . fhe i nput_ liquid
flowinto the CEBvavasy aeipl2ambihidOthevetes 30968gubesyaple igioarbgiween dhep v

sodi um acetate buffer. (ph= 5. 0). i ! nediatdlRine the

i mmobi i zation S@ﬂ%ﬁ%é‘%s,tg?lﬁ%u%t??ﬁlg a??%%ﬂél%ﬁ btgﬁlsaug(% gggggggégq bega% to fade.
After 100 nL hathafnbaveeis shortaadys dutpait pdtanber, the i mmobilized gl ass beads

wer e again c§ ear and col or loﬁd?‘?,écg%\s,ﬁte%ﬁthga#ﬁﬁ%fg‘?&y' &h@@QJeaetgHﬁgdfsbysggﬁgest

that the catlonic blue dye sone Ihity to the ani oni c gl ass
surface at 15 neethodlouflmnd aboveethe Higd raeditmasias) clppeed i8s SRS OFHETY) t he
flowing liquid is | 4 M § \ahathGnT REEERASRAGERIES 0gen i on
concentration ig}yﬁeﬁog\ﬁﬁ@\?\[nmﬁﬁ&mﬁ?gﬁ%%&?fg% %Msg'dpn el easg&o(f ‘the bound dye
into the |iqui dodaiowas Ekmseedsiol 4d embaient vhlemaral 4vinlll, daoansiiedng Hat bedr t ai n
modi fications can.. be made the invent i 0L S6LRs8H Widh 4 espect
to the illustratydizasy ‘@?*Fb%%l%%pé:’lﬁ gt OW%%%%%@%%W‘%&% tT}Jflom‘f’t he spirit of

t he instant]( nvegut indQuanfndofifuiffeecdrrening i #nTiyom bas weeerspered end Bewedbove

with respect to the prafersed, enodi mnLss it ikl he adastonsc hat the

invention is ad‘é?fﬁ rearrange I cations, and
al terations, alligs@etdan arghebnnsbilizatodichiglt ivanobseaied. e ererdsdRE ar e
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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 contract the glass bead array through
multiple cycles by means of flow rate changés 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 ion-exchange chromatographic properties
was assessed in the following manner. 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 mIL/min;
saw subsequent bed volume rise; decreased flow rate to 7 mL/min; saw bed

volume lower) a 100 mL quantity of 1% trypan blue in 50%-50% (v/v) glycerol —



What is clainmed is: 1. A nmethod for isolating a target nol ecul e,
conprising, a) suspending chromatography particles in at |least one 5
chanber iwoa3sa0zifugal force field wherein a continuousPCirawonsesar | i qui d
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 imobilize the particles by the sunmation of the vector
forces acting on the particles, and formng a 10 chronat ography bed, b)
addi ng a heterogeneous |liquid conprising the target nolecule, c)

separating the F@G?M)Qﬁi'ﬂﬁl?gﬁos&)hﬂybﬁfepépl 0% " ) ﬁfmtéI L?lga G, ATaL 0ar aphy

bed; and 15 d) retainin e Separate ortion o rogenéous liquid
conpri sing the tpgher n‘iﬁfé@wpbl’ﬂollzpamdéhmglhfdj@l inyfnol@lizdtion & 1amlzktertm deetrhe

chr omat ogr aphy d@@d’rfek%e@&s B61€or § Eplﬁg' lgrar}{ﬁeg 5@ 114 nn the-lil %1d o
lh alr a ]t

Claim?2, wherein the actions o romat ogra
het er ogeneous | itheCEDoYasigplaedd; Vﬂ@l i%(eﬂ%r(tjel gIY¢m¢1e0Q10 ]eM $od11mrh1eiloaplm®er bent

particles. 2% 4. bu-ﬁ}&e ggg hﬁ BthL }}pn?a’ter%e’h%' asts %gegla z%;[aly%ira]l? 810 hﬁé %ﬁ]i erials
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50 eluting the adsor arget no and
col lecting the efilltdedly striget with bewnd|dge n@@@lﬂe%\Shgttlydelssfdaﬂdmmf theyrivagp

chromat ography, GO #ShNGrin. wash. Next, the input liquid flow into the CCD was replaced

10 with 50%-50% (v/v) glycerol — 0.1 M sodium acetate buffer (ph= 5.0). As this

solution entered the immobilization chamber, the blue stain on the glass beads

began to fade. After 100 mL had flowed through the chamber, the immobilized

glass beads were again clear and colorless to the naked eye. These results suggest

that the cationic blue dye binds with some affinity to the anionic glass 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 above with respect to the preferred

embodiments, it will be understood that the invention is adapted to numerous

rearrangements, modifications, and alterations, all such arrangements,

modifications, and alterations are intended to be within the scope of the appended

25  claims.



a) containing chromatography particles in at |east one chanber in a
centrifugal force field, the chanber having an inlet and an outlet; b)
i nt roduciwg 0a/088502r ogeneous liquid to the chanber throughPCrhmsoz/sd4er in a
liquid stream wherein a continuous flow of a liquid acts to create a 10
force -whi ch opposes the centrifugal force field and wherein a gravitational
force contributes to the resultant vector sunmmation of all forces acting on
the particles, wherein the forces substafftially imobilize the particles
by the summation of the vector forces acting on the particles; c)
collecting the liquid passing through the chanber and the 15 particles, d)
isolating a target nol ecul e fron1e|theki%ﬁhéiquid collected or fromthe
chromat ographic particles. 7. The neth aim6, further conprising,
a) providing a swaandlgiheaixer; and 20 b) contai ni ng chromat ogr aphy

particles in the second chanbe trifugal force field, the chanber
having an inlet and an ou?let‘A@fmFﬂtPB&%%W%G%%ﬁgnE%FPEC?%ﬂ“FFﬁUld to the

chanber through the inlek)in @s;bdnGMgdclﬁbmaampmh%ﬂicresam:@mtlemoum flow of
a liquid act ate a fafc for e field

to.cr oses the centri
oot aherer oSS LGk RS s den O he ol D RERrR § LRt e e Phe HMIAATE Foct or

summat i on of al lcrda@ Gesora€t wiich Odppbéee par éenifenl fowdefrieldn atdevifeasic &5
substantial ly |nnDb|I|2f t he Elcles e sunmmation vect or

y t
forces acting orB¥Bionat doreg gan i e f h&c”??“ﬂ@“tt‘f‘?étof |Sﬁ‘ﬂilﬁtlﬂh§£?“gf°11°ﬁsr ough
the second chambgfing ém@hetﬂmlcmr tvh&k@Sthe me@%&&%mj REIViBR2hSpAddes 51 €)
isolating a tarqﬁ} nol ecul e fronlelthe the liq % coIJected or. fromthe

chr ormat ogr aphi ¢ Paibe isemgwetion of e, veelqr 8H£%?“@¥éw~ 8 Paigtesn@d PoRERi%i ng, 5
a) providing e sheabeedpribes,; and b) containing chronatography particles
in the second chanber . . .
b) adding a heterogeneous liquid comprising the target
molecule,
c) separating the heterogeneous liquid by the actions of the
chromatography bed; and
15 d) retaining the separated portion of the heterogeneous liquid

comprising the target molecule.

2. The method of Claim 1, wherein the chromatography

particles are adsorbent particles.

20
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.
25 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 chromatography bed.

5. The method of Claim 2, further comprising,



in a centrifugal force field, the chanber having an inlet and an outlet; c)
i ntroduci ng the heterogeneous liquid to the chanber through the inlet in a
| i qui d stweasp3wherein a continuous flow of a |iquid actsPCo/USkD3@prate 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 inmmobilize the particles
by the sunmation of the vector forces actithg on the particles; d)
collecting the liquid passing through the second chanber 15 and the
particles, e) isolating a target nolecule fromeither the liquid collected
or fromthe chromat ographic partjcles. 9. The nethod of Caim6, further
conprising, 20 a) introducing‘?ﬁ@gég?ﬁg%F@ﬂ'%ﬁﬁhpﬁﬁ?geﬂﬁﬁng%hﬁg@ﬂwP%rough
the inlet in afa@sdangt ream b) collecting the liquid passing through the
second chanber and the particles; and c) repeating the introducing and
collecting steps until a cOsctpedbrtigpdiaristmaltetiit of desired product is
coll ected. 10. The nethod of Claim®6, further conprising, changing at |east
one force in at |east one chanber to affect either the density or shape of
the chromat ogr aphi ¢ nat er fal . A EIPrIRBEmESoREhY7compSRE,  The

nmet hod of Claim6, whereif conbiaiddd RrontdMpPipRY OpBALY CinMBt akdsel olen at
| east one chanber conprises contalnkﬁgdfhe chromat ographic naterial in a
1l

plurality of chapeby ingcepirifugphforpgli cothamberibayipg anrlst apdpniondet;

chromat ography parti cl espcompir§ficingR RESQPERNS 1i§RY & i@lcharfodt @bk an
agarose particle; a silica particle, an ion exchange particle; a gel; a

bead, plastics, ¢ n mEQHASFSATRFECTeghPIMEOUs APt & Adinideagtsi T fregte 2
particles, pQ arpRANHIH $Posed HRRRhEERAPfkdeChP 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;
c) collecting the liquid passing through the chamber and the
15  particles,
d) isolating a target molecule from either the liquid collected

or from the chromatographic particles.

7. The method of Claim 6, further comprising,
a) providing a second chamber; and
20 b) containing chromatography particles in the second chamber

in a centrifugal force field, the chamber having an inlet and an outlet;

c) introducing the collected 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

25  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;

d) collecting the liquid passing through the second chamber

and the particles,



10 hydrophobic particles, hydrophilic particles, |igand exchange particles,
ion-pairing particles, size exclusion particles or affinity chromatography
particl esw0b3/039The et hod of Claim 2, wherein the heterog@cealss2/bdsgui d
conprises a purified feed stock, tissue extract, chem cal reaction m xture,
stock 15 broth, bacterial honpgenate, bacterial |ysate, E. coli inclusion
bodi es, products secreted frombacteria, yeast, insect, animl, or plant
cells, or tissue honpbgenates of bacteri ,1yeast, i nsect, animal, or plant
cells, yeast cell honobgenates, cellular honogenates, whole hybridona
fermentation broth, nyel oma ceII ulture whole animal cell culture broth,
m |k, animal tissue extrac t S,: 120 ce
materi al s, chem cal reactlgn nlx %é h%%gﬁ ﬁ%ﬁlqﬁ%}gg%lg%gﬁg@ﬁ%ggggf
super nat ant f r onereronothit ichrooa®gfaphic garides. bed bi oreactor. 14. An apparat us
for perform ng chromatography, conprising, at |east one chanber with an
inlet and outlet, the chanber adapted 25 to, contain a chronmatographic
material, rotate the chanser tBheanabddofdldmg, firfhegadmpfisinge on the

chromat ographi ¢ material, WO 03/059702 PQ{/USQ?/36497 53 receive a
starting material through® he PRISEERSCQY FRICES %8 r eam wherein a
continuous flow of a |iquiby ac&dmﬁnmgxm&ahﬁmgmﬁ@qﬂﬁwmbmche@mpmseﬁmﬂkhe
centrifugal force fiel erein a V|tat|o force contributes to
the resultant V@éﬁ%@mgﬁﬁE§F¥gﬁﬁb¢ QPP F§W¥E@aa& ﬁ'dSEO%W chr omat ogr aphi c
material, 5 wher el n t he f @y cesingbdsingntiealhkigragamety Iliqael tihethe helambtogr aphi ¢
mat eri al by the t he vector, farces acti on.the,

chr omat ogr aphi ¢ Wﬂ?& Pﬂgi@aJ¥H51%ﬁﬁﬁw%k%gnéﬁmﬁ?ﬁPﬁﬁg%WOQﬁBWE?ﬁmeé
chanber is flg t hggate aedemltcedwh@h dRor} mel tpatfugdnefokdeqtiicld @b Sitegeii hr ough

t he chanber, b) introducing the collected liquid to the cha {:ghrough t he
inlet in a liqui ﬂa‘é‘faflé%quo’éfﬁcf"?té‘ et Fonﬁletrﬁ%ﬂf?‘i’ﬁ Y586 SPRG a8 ot 811 188 ng

steps until a prggef ehMhdeaticles, 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
15  and the particles,
e) isolating a target molecule from either the liquid collected

or from the chromatographic particles.

9. The method of Claim 6, further comprising,
20 a) 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
c) repeating the introducing and collecting steps until a

25  predetermined amount of desired product is collected.

10.  The method of Claim 6, further comprising,
changing at least one force in at least one chamber to affect either the density or

shape of the chromatographic material.



amount of desired product is obtained. 15 16. The apparatus of C aim 14,
wherein the chanber is further adapted to, adjust the rotational speed to
af fect eiwbes/sdie2 density or shape of the chronat ographi ecwatser/s@br 20 17.
The apparatus of C aim 14, wherein at | east one chanber conprises a
plurality of chanbers. 18. The apparatus of C aim 14, further conpri sing,
25 a shaft adapted to support the at | east one chanber, wherein the
chanber nounts to the shaft; a rotational5Zevice to inpart a rotational
force upon the shaft, wherein a centrifugal force is applied to the
chanber. 30

11. The method of Claim 6, wherein containing a
chromatographic material in at least one chamber comprises containing the

chromatographic material in a plurality of chambers.

12. The method of Claim 6, wherein the chromatography
particles comprise, an adsorbent material; a resin; an agarose particle; a silica
particle, an ion exchange particle; a gel; a bead, plastics, glass, methacrylate;
anionic particles, cationic  particles, polar particles, nonpolar particles,

10 hydrophobic particles, hydrophilic particles, ligand exchange particles, ion-pairing

particles, size exclusion particles or affinity chromatography particles.

13.  The method of Claim 2, wherein the heterogeneous liquid

comprises a purified feed stock, tissue extract, chemical reaction mixture, stock

15  broth, bacterial homogenate, bacterial lysate, E. coli inclusion bodies, products
secreted from bacteria, yeast, insect, animal, or plant cells, or tissue homogenates

of bacteria, yeast, insect, animal, or plant cells, yeast cell homogenates, cellular
homogenates, whole hybridoma fermentation broth, myeloma cell culture, whole
animal cell culture broth, milk, animal tissue extracts, plant tissue extracts,

20  unknown source materials, chemical reaction mixtures, metal slurries, and culture

supernatant from a continuous fluidized bed bioreactor.

14.  An apparatus for performing chromatography, comprising,
at least one chamber with an inlet and outlet, the chamber adapted
25 to,
contain a chromatographic material,
rotate the chamber to create a centrifugal force on the

chromatographic material,
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receive a starting material 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 chromatographic material,
wherein the forces substantially immobilize the chromatographic material by the

summation of the vector forces acting on the chromatographic material.

15.  The apparatus of Claim 14, wherein the chamber is further
adapted to,

a) collect the liquid passing through the chamber,

b) introducing the collected liquid to the chamber through the
inlet in a liquid stream; and

repeating the introducing and collecting steps until a predetermined

amount of desired product is obtained.

16.  The apparatus of Claim 14, wherein the chamber is further
adapted to,
adjust the rotational speed to affect either the density or

shape of the chromatographic material.

17.  The apparatus of Claim 14, wherein at least one chamber

comprises a plufality of chambers.

18.  The apparatus of Claim 14, further comprising,

a shaft adapted to support the at least one chamber, wherein the
chamber mounts to the shaft;

a rotational device to impart a rotational force upon the shaft,

wherein a centrifugal force is applied to the chamber.



