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

adsorbent materials, such as beads, that can be used due to the presence of only a
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few types of functional binding groups, particle size, and density of the particle.
Additionally, the columns used to perform the chromatography often become
contaminated by bacterial or fungal growth, or blocked dug to cellular debris. All
of these problems lead to a slower process with less material isolated.

The majority of processes for producing pharmaceutical or
diagnostic products involve the purification of proteins and peptides from
bacteria, yeast and plant or animal cell culture fiuids, or extracts from tissues.
Usually purification plants use multiple unit operations, including a number of
chromatographic steps to ensure the removal of impurities and contaminants. The
type of product produced and its intended use will dictate the exteni of
purification needed. Each step in the recovery process will affect the overall
process efficiency by increasing operational costs and process time, and by also
causing loss in product yield. Careful selection and combination of suitable unit
operations during the design phase may reduce the number of steps needed. The
fewest possible processing steps offers the most efficient way of reaching high
process efficiency and low costs in the overall production process. Most currently
used processes still involve muitiple steps of processing which add to the costs,
loss of product and offer opportunities for contamination.

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

‘units causing significant capital expenditure and recurrent costs for equipment
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adsorption from crude feed stocks that can reduce the time and cost of the initial
steps of purification.

5 An altemnative to methods of clarification and packed bed
chromatograply is adsorption to a resin in a stirred tank, This technique 1s oftén
useful when recovering the target substance from a large volume of crude feed.
This method has long been used on a commercial scale for the isolation of plasma
coagulation Factor IX with DEAE Sephadex. A major drawback to this system is

10 that well-mixed batch adsorption process is a single-stage adsorption procedure
and requires more adsorbent to achieve the same degree of adsorption as in a
multi-stage (multi-plate) process such as packed bed chromatography.

A very widely used technique for bulk separation is adsorption of
the target molecules in a fluidized bed. This technique can 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-continnous systems for novobiocin, In a flnidized bed,
channeling, tutbulence, and backmixing is extensive, and is similar fo a batch
process in a stirred tank. 'The single equilibrium stage in a fluidized bed decreases

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

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

Approaches to solving these problems have been fried by many

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

25 packed bed chromatography. One approach uses segmentation of the bed by
insertion of a number of plates with suitably sized holes into the adsorption
column, Tn another approach, magnetic adsorbent particles and a magnetic ﬁeld
over the fluidized bed column are wsed to stabilize the bed. A substantial

stabilization of the bed was achieved using magnetic adsorbents but the
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column bed, nor can they withstand harsh chemical treatments used for cleaning

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,

either through bacterial or fungal growth, or through accumulation of material on

the particles or resins and that lowers the efficiency. This requires expenditures

for replacement of the resins, cleaning all equipment and then assurances that the
20 column has been returned to a good, reliable working condition.

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

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

efficiently, and with lower production costs,

SUMMARY OF THE INVENTION
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due to product degradation. Wat is needed are nethods, conpositions, and
devi ces that all ow fdr adgiceandtaspect of this invention, there is provided a method

for performing chromatography, comprising,

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

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

¢) collecting the liquid passing through the chamber and the
particles,
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the actions of the chromatography bed; and

d) retaining a separated portion comprising the protein.

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

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

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

c) collecting the 11qu1d passing through the chamber and the

particles, and




When t hese expanded beds were actually used with m xtures of 5 proteins
and cells there was sone inprovenent. The breakthrough capacg ayiznoe such
beds, expanded by a factor of two, was very simlar to the breag!t hr ough
capacity in a packed bed. However, |low flow velocities had to be applied to
prevent the bed from expandi ng too much, which resulted in a | ow overall
productivity. 10 Problens al so occur sbith the particles used for
separation. Many standardly used particles are not sturdy enough to
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overcome the problens seen wth currently used chromafography devices. It

is preferred Vhsh a8 dremrepistdrwin byneterepersn hirderdedire ds s adbl e of using
chr omat ogr aphidvitks WRGRES R Froditl o2& 18 B8 iré¥errdd to %F‘QBR’abﬁcdh@lﬁlgSm ate and
separate bionpterials are ch Etﬁls nor.e %fl \Mhth | ower
producti on coPEaCtE RRIRRAPPEE f NRRERITP IR WEV"’?(S ”‘%uef’ﬁa‘? First aspect
of this inventdrdm, thehdavizes argreollactiiety desighhied dasf 6ECDT sol amnlﬁgala t ar get

nol ecul e, conpr pendi ng chromat ography particles in at |east
one chanber rﬁlr&r?at%gdﬁ%jf&?v%%l force field wherein a continuous flow of a

liquid acts to creat elngendrds he depfrecdisctnspolsean ¢dywrisccraveli appagpdises or ce fiel d

and wherei n aggbaydidial éh?d?l@altograioﬁ&f ﬁﬁerﬁ%”éx{ch Q%e%%n&t&mishﬁ‘eaése%le ght vector
summation of all forces actin he' particles, wherein the forces

subst ant i al | yeelsing; & wénqbwée ‘éilf‘ht“i 613@%@%190%@ in a centrifugal field while

liquids, with or without any gas phase (s} in contact with the liquids, are flowed
into and out of the chambers. The bed materials are ordered into a three-
dimensional array of particles, the density of which is determined by the particle
size, shape, intrinsic density, and by the selection of combinations of controllable
parameters such as liquid flow rate and angular velocity of rotation.

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

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




summation of the vector forces acting on the particles, and formng a
chromat ogr aphy bed, wherein each particle is independently gyﬁﬂﬁag@g

wi thout the need for support structure in relation to every other particle
to allo ficient exposure to all surfaces of t icle and the
densitng% ﬂ?ﬁ?%e of the bed may be easily changed H%ﬁgﬁgﬁé?%é the force
paraneter on the particles; b) adding a heterogeneous |liquid conprising the
target nolecule, <c) separating the heterogeneous liquid by the actions of
the chromatography bed; and d) retaimdng the separated portion of the

het er ogeneous liquid conprising the target nolecule. In a second aspect of
this invention, there is provided a nethod for perform ng chromatography,

conprising, a) containing chromatography particles in _at |east one chanber
in a centrifugghengsewersEq Rhage and matinah shise paHERPREgara s i Be GHY an outl et ;
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conpri sing, a) suspendihg C raph icles’in one chanber
in from which the target molecules are to be separated, and collecting the isolated
target molecules.

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

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

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

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

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

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

centrifugal field that is opposed by a liquid flow.




a centrifugal force field wherein a continuous flow of a liquid acts to
create a force which opposes the centrifugal force field arngUyQU@{gn a
gravitational force contributes to the resultant vector summation of all
forces acting on the particles, wherein the forces substantially '
i mobi | | 2M00HBWarticl es by the sunmation of the vect®fI/¥geds’ acti ng on
the particles, and formng a chromatography bed, wherein each particle is
i ndependently suspended wi thout the need for support structure in relation
to every other particle to allow for ejfici ent exposure to all surfaces of
the particle and the density and shape of the bed may be changed by
changing the force paraneter on the particles; b) adding a heterogeneous
liquid conprising a protein, c) separating one or nore portions of the
het er ogeneous |i qui d by FIghe ivatiilatgionbf the e:sdhnonstioa gf aphcldadsr and d)
retaining a separated portion conprising the protein. In a fourth aspect of
this i nvention, thkefkgants of fiIGMA. ded a nmet hod for perform ng chromat ography,
conprising, a) containing chromatography particles in at |east one chanber
in a centrifugal force FiGel4,is taheatbirgatiber evalmetiiang ofarthd medbiliadonan out | et ;
b) introducing a heterogeneous liquid to the chanber through the inlet in
a |liquid streangonddietset @gisencaditst nuous flow of a liquid acts to create a
force which opposes the centrifugal force field and wherein a gravitational
force contributes to theFlGeSid dnantlysised therbalsurewh tintifugaf forkd anfldloges acting on
the particles, wherein the forces substantially immobilize the particles
by the summati whoctf fordesimagotiting cflmduekbiaedcionchamhert he particl es, wherein
each particle is independently suspended w thout the need for support
structure in rel ation tofiGe¢&rap apdlfserof fhabblnek of tapirdigabivctsomd diowi ci ent
exposure to all surfaces of the particle and the density and shape of the
bed may be chanvpidithfpreehimnagotatipgicoracalipecetalyst pamelnizgation cbemlehe particl es; c)
collecting the liquid passing through the chanber and the particles, and 8
May 2006 5b d) i sol ati ngFIg. pisabdiusratiproofiaghredrdimendinmal| aprgudpicpartiokd imct ed or from
the chromatographic particles. : '

o a votating conical biocatalyst immobilization chamber.

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

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

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

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

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

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




Di scl osed herein are nethods and devices for using conpositions for
separating and isolating biomaterials, chemcals or other nefgfyabge One
enbodi ment conprises devices that can contain particles w thout the need
for support structures. Preferred methods and devices are describes in
U S. Pat eQ0/4¥YW2 5 622,819; 5,821, 116; 6,133,019; 6, 2BGI/BIX3648hd U. S.
Patent Application Nos. 09/316, 566; 09/870,928; 09/773,027; 09/788, 991,
and 10/ 153,161; all of which are incorporated herein by reference in their
entireties. In general, such devices en used for growh of cells are
referred to as "CBR' or centrifugal bioreactor. \Wen applied to the
separation and isolation techni ques taught herein, the devices are
collectively designated as "CCD' or centrifugal chromatography devices. In
general, the devices di SEIGOSE Akt iaRystagtdrdify oxtibusappadiacmses for
cont ai ni ng chro&ato raphy materials, such as bed materials, beads, resins
or gels which &F&Y bilized within chanbers mounted in a centrifugal
field while [|iquids, wFis ox3 wikiewut amoshegagsiphaseofdp itd eminisact with the
i quids, are flomgg. i@tﬁ%and ut of the chanbers. The bed materials are
ordered into a YAFEEGHBREYONAT array of particles, the density of which
is determnefl by the parEIGclld ilsstzees whapsheri system n&cadiolgnsi taipusand by t he
sel ection of coég&;o ateiﬂgpﬁh%wgn%lﬁ_rpl | able paraneters such as liquid flow
rate and angul ar velocity of rotation. In an alternative enbodi nent, the
bed materials are not cdfifi Agds ianfront loosidel vislvaobherGCD berordigt yagousar e
~inmobilized in : d by and between adjacent disks. As with
t he ot her di scl%%ggimgﬁggpdﬁ%%ﬁ%@gﬁgf this invention, the inflow of nutrient
fluid into the chanber iHGoriéAfaod t@ shhatend odside erclyalofia clesiberid theent r i f ugal
force exert o) he he ri al b | . d materials in the
open chanbe?éi ng:l%accgr sn%ﬁ%@%?%ﬁo%fm%/og&egw 1%8?3@2’}1%% i s capabl e of
mai nt ai ni ng particl es orFias.A84aml 178 shovcdnd mipkaross-secfiorhvievixddnasideh  whi ch
materials are s J.:0) olpr:YleToly : nj . andard
chr omat ogr aphy %g%h%bgﬂaécg%d?%g)ﬁﬂﬁe I ng&'%gﬂtgﬁg%lm%eﬁﬁh&f é&ﬁ‘”’?%‘,“@dgﬁ& ion, ion
exchange, size Bdghration, affinity chromatography, ion exclusion, ligand 8
May 2006 VO 03/ 039702 PRELSIRAGEAR Gl GHSIANGS secliGPIiSAbrBRARE and nor mal
phase partitioning, are used In e ]

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

16A-B.

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

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

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

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




The chromat ography materials used in a CCD include those materials used in
chromat ogr aphy methods, and are not limted by particle fragsMaypodsie to
‘col unmm  wei ght consi derations. Methods also include | ow, medi um and hi gh
pressure 5 lsgﬁw d chromat ography. Such net hods can be used for anal ytical,
sem - 1M% processes, initial clarification, prigdfgt BJY £iltration
- and process scale applications. The chromat ography systemis easily
created in a CCD and thus, dismantling the systemfor cleaning, if
necessary, is also easily acconplished.gln general, the nmethods conprise
addition of a desired 10 chromatography material to the charnber or
chanbers of one or nore CCD and formng a bed or chromatography plates by
running the CCD, adding the liquid fromwhich the target nolecules are to
be separated, and col | edGng3A-REE slswl ddeald crbarsgﬁbnalmieecuﬁeﬁaniMCor di ngly,

di scl osed herer ar d ol a si ng devi ces
conpri sing one %Wﬁfrg@&% (,gntou%hscemtc%%%‘glga ﬁrgﬁréve?nons r’r%#ography. The

present inventiti nmay be understood nore readily by reference to the

foll owi ng detail ed descrdpt i.ncl ufg her h the resent

i nvention has been desch:I %‘P Shcfvﬁ' er‘élﬁ‘geotaocs?@leéﬁ'c rLé[gllgdtfi}t aiTs of certain
20- enbodi nment s dnitediedt; ofitee inwntimt i nt ended t hat such details should be
regarded as |imtations upon the scope of the invention. The entire text

of the references nentioned herein are hereby incorporated in their
entireties by rRERYERRPESGRIPEIONDESCRI PTI ON OF THE DRAW NGS 25 FIG |
illustrates the processypf,.an;apR S i9neblis dbMENt Mmold B 2 1S an
illustration of the nmat he %l?acs af’/er nin m riuhlb 15rsmtg%n of gmpar ticle due to
the effect of ¢eadarng patshaly heing @arc@a dds@ibeth berein end eompesitiqnaicerapiising a

cent 1 fugal | el il e bere:BPARGT MYy LUAMLE. ThOMyefiol Bi2Rbs VD 03/ 039702
PCT/ U802/36497 Is an i Iustratlon of the resultant notion of a
particle under ﬂlﬁt ﬁ@at@eﬁémeaﬁmose pecifim eemponents frgm agnqre cemplet RERb| cal

eval uation of tde hMBRidn GPprb@Rs of PRSlidd 8PS BlncRtalkin’ B0k A it

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

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

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

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

25  chromatography methods. .

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

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




5 FIG 5 is an analysis of the balance of centrifugal forces and flow
velocity forces in a rotating cylindrical bioreactor chanbergMay@o0é is an
anal ysis of the balance of centrifugal forces and flow vel 00|ty forces in

a rotating conical biocatalyst inmmbilization chanber. FIG 7
i |1 ustratYBMPEP73 t hree- di mensi onal array of particl esP?ﬂUsoi‘@“ﬁ"rot ating
coni cal biocatalyst imobilization chanber. FIG 8 is an illustration of

the hrter-stratumbuffer regions in a three-dinmensional array of particles
in a rotating conical biocatalyst inmmoRlplization 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 rmobi lization chanber. FIG 10 is an illustration of an exanple a

coni cal - shaped sthrﬁng)matbﬁai'atg'emaﬂahhwﬁ@? oraﬂhdbasthlergbpmi@wte; aggegdvedons whi ch

det erm ne those #ng(g@sl fo%orefglbﬁl o]flce‘ll 09 E%Séeﬁtrﬁf (ﬁ aIRﬁSI tional

vari ation of the ce ow ve OCI orces | anber of
FIG 10 at a flmvrqﬂtraéaomf'ﬂm&ﬂiﬁ_ehm of.a @nﬂﬂﬁ;ga@m(}@p deen®3HqBaiT Bize,

PCT/ US02/ 36497 t?eﬁlsx@ {iiferdnte nse,'w!,eaﬁhr&%ﬁfgle@ e SIbRGH hghﬁ%& Qiscb@iky ous

enbodi nents of e’invention ust rates er system according
to various Enbofthniesisiock fWhehbandhingsmell sells, RclRisE. coliqoricpl] oppagerates. yet anot her

pystem accor di ngdiGatflispydud FADORBN SR thodiBult Y BBkt Bhi%e 15 15 2

front or side view o CCD accord vari ous enbodi nents of the

“invention. FI GsusedaAeﬁhdﬁnmamdéﬁﬁﬂ melesgit @@Wﬁéﬁ/\&bt@? aaFO@H]ﬁWB’er of the
10 CCD accordi r%rtﬁc% 432G ﬁ@b@éﬁkﬂsﬁgatm@émds%m&mmﬂ&o@asmewemﬁide 15. FIGs.

17A and 17B show end an cross-sectional views of one side of a chamber
according to thuckmebedspamie used nrivs to ssERlonER 2B WP WherEpamgentigliona ng  .16A- B

10 of target molecules is needed. Alternatively, centrifugation can be replaced by
methods of separation in a CCD. The crude starting material can be added to a
CCD used in a preparative step, whére for example, a bed of size separation beads
are used to hinder the movement of larger materials in the starting material while
smaller maferials flow through to the next processing step.

15 To obtain a solution that can be further purified by
chromatography, centrifugation is usually combined with filtration methods, such
as microfiliration. The methods of the present invention comprise use of CCD
with pretreatment or post treatment of the material by centrifugation or filtration
steps. Filtration includes filtering methods using membranes and filters made

20 from known materials and comprising pore sizes comprising ranges from
nanometer fo micron to millimeter to meter sized pores.

A method contemplated in the present invention is adsorption to a
tesin. This technique is ofien useful when recovering the target substance from a
large volume of crude feed. Methods of single-stage adsorption and batch

25  adsorption are contemplated by the present invention. Resins are added to a CCD
and the crude feed, or media to be clarified, or any other liquid is added. The
CCD and resin can be used to isolate plasma coagulation factors with DEAE
Sephadex.




FI Gs. 18A and 18B show end and cross-sectional views of one side 15 of a
chanmber according to the enbodi nent of the invention shown ignMak@806 15 and
16A-B. FIGs. 19A and 19B show cross-sectional views of one side of the
chanber according to the enbodi ment of the invention shown in FIGs. 15

t hr ough WG®ROPHND0 FlI Gs. 20A and 20B show end and cr oBCIEEE¥¥8Hal vi ews of
anot her side of a chanber according to the enbodi nent of the invention
shown in FIGs. 15 and 16A-B. FIGs. 21A and 21B show side and end vi ews of
a portion of a shaft of the CCD accorging 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 shaft of the CCD according to the enbodi nent of the
i nvention shown in FIG 15. 8 May 2006 WD 03/039702 PCT/11S02/ 36497 9

FI Gs. 23A-23E show si de BErdC@? esbmstbalsiobilel presegwsveofionafonsinglé-ghgd sl eeve of

t he CCD accordi t I i I S I |G 15.

FIG 24 shows a%@%rht? nv%}gn\?vﬁgg&gfp%&ggévglp%%ﬁ%sn%{vgp%/%n(ralgrg UGEI% }Q@Ogﬁ%l%di ment s of
the invention. DEs | EBUBESCRICHT |aDNvthien byé neatada] canhbe pesdy eddedi andention i s
directed to nethpds, } { rgm]@r' S] L ri bed herein
and conpositions coVJn?fliﬂogl1 {r}léeb?owr)rgoéi a %\éda%g 1#?%1}92%&#%%%&0 ’r%t%ogr aphy
techni ques. I hebaiql‘}\sbggqﬂi(bhﬂs g@mtﬂ@msh theded, theded is simprvpdand e revobrd cbfhenpr e

speci fic conpongpt %ypEB%ﬁer&P{yﬁe £ QdRk %é@é}%ﬁ@ﬂmcess%%& cBtinhS Ohat i on of
proteins or peptides fromfernentation broths or tisSue extracts, or

cheni'cal s from @heémethers, adegpt yaem canabp uspd foetetus Be diguid teengh e hedol at ed by

chromat ography pgt ROESone Fhells abir! &hﬁﬂte%m&%? of R 2PSleaile MR theand 15
conpositions described herein, and the inventionis not limted by the

description ofi®idees o paurpia the bpbmaieisl. are dhedereRfmopyle iscurnipdlien. Met hods
for isolatifg tdEifta AREESRANRY ontd ¥ e@fnatRal ORRICH o6¥el Yo a CCD

or other device downstream. If the bed material has a target molecule adsorbed

onto it that is wanted, the bed material is either treated within the CCD to release
the bound target molecule, or the bed material can be removed from the CCD and
treated to remove the target molecule. If the bound target molecule is not wanted,

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

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

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

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

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

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




-used for isolating nolecules, conprise using one or nore of the devices
described herein, referred to as CCDs, centrifugal chromat ognaphyosevi ces.
The present 20 invention includes, but is not limted to, nethods of
clarification, filtration, single- stage adsorption, batch adsorption
absor pti oHOEYAHAs, i on exclusion chromatography, nor FEIUHREEET partition
reverse phase partition, polar separations, nonpol ar separations,

hydr ophobi ¢ separations, hydrophilic separations, |igand exchange,
ion-pairing, size exclusion and affiniHé 25 chromat ography net hods. For
exanple, the initial purification step 0r steps of isolating a target

nol ecul e begi ns by adsorption chromatography using a conventional bed of
adsorbent positioned within a CCD. Prior to addition of a starting

mat eri al, such egfndtofiersamddegiet QbellyoBhddros@bdadsS tignpaiable A6 velbcitds.Cchem cal

reaction m xtur t he \ 2006 WO 03/ 039702 PCT/ US02/ 36497 10 starting
material is genzPeé? Fyo M’?%Pi%@e sy inyegion for tp%‘?’bﬁec’%?é‘?lflf’sdﬁ?daaﬁé? are
removed. St andasdundtaizhnhguesicledlat caanm sl iftardet kiromktoghglny ingthadse

Step depends. on RAPHPRIEAL o b5 Bl erplR af) picet BE R GrRL AT PHE par 11 ol 6
and the sur r Dunbartigesl thayspatjatized donvpagicdsi tagettmaécuteher fe @altitube kmedidhen handl i ng
smal | cells, su L tterS homogenat.es, small particle size and
hi gh viscosity %%%ﬁ%ggpﬁggﬁﬁnu EN%Ey#% 5??a-v?%%- can be wused in each
centrifugation and of t enAsreskd beréit, ishildftiba ofih targebmolstdé inclades elil dicel y
particle-free | QUi i I e illed in the
art and such n%ﬁﬁgﬁghggﬁkﬁgﬁﬁgggf%@%ﬁ@%%gﬁgﬁggﬁg roﬁﬁg%Qﬁg,g y step where
concentrati on 16F oipfifytingroyeentrifadiegostrcke ed brotheis dethdeddntisolationt ofled tyrget
centrifugatjen e ) : I ] . The
crude start!(?])g 1%%1,[9%1??g{n%gﬁgﬁﬁggﬁg%gggiﬁ:tﬂé%go?es%%ﬁ@g%%g&%?%sg% ative step,
wher e for exanpdlemayandbderd 3¢ adtimged mndqoule dbat onfi¢seefdbe startieg uwiedalt uthi nder t he
movenent of | argags Lb2d iSudifkad | g@ag‘%g]' ' smal | er
material s fIOM/thrgug fg E%g nSQ?%ﬁ?%g%ggﬁg% gepkﬁ%gmggkgs%gin a solution
that can be further puriMgfkads pithe presensrinveasign aprhirise preprration anjsalition i s usual |y
conbi ned Wi th fidbr et RBARY BRIR moR\t&ibs, ?ﬁe(‘i@:ﬁ{]&ﬁbé fde@Mnlii9fnan} e Mt hods of
the present_jinvention conprise use of CCD wth pretreatnent or post

treat ment of” t hETdherangement |9y in-eallel Fppgeewn 29 if peuabinetipng with other

separation fechniques and apparatus, One process step can be performed in one
CCD and the eluent from a first CCD can be fed into a second or more CCDs.

This system can be used, for example, for a method of treating large amounts of

liquid in CCDs, all of which comprise the same bed material, so that all of the
20 liquid is freated at one time by many CCDs, in either a serial pathway or a paraliel
pathway. Altematively, a method comprises adding a liquid comprising a target
molecule fo a first CCD having a particular bed material, having the liquid
effected by the conditions in the CCD, and then adding the liquid leaving the first
CCD to a second CCD having a different bed material. For example, the crude
25  feed stock is added to a first CCD haviig a bed material that provides a sizing
function and removes larger materials such as cells or cellular debris. The liquid
leaving the first CCD, having been acted on by the bed materials, no longer

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




steps. Filtration includes filtering nmethods using nmenbranes and filters
made 20 from known naterials and conprising pore sizes conprgsidypongnges
from nanoneter to micron to millinmeter to neter sized pores. A nethod
contenplated in the present invention is adsorption to a resin. This

t echni queWP$38P¥{@n useful when recovering the target sBEEVHREETrom a

| arge vol unme of crude feed. Methods of single-stage adsorption and batch 25
adsorption are contenpl ated by the present invention. Resins are added to a
CCD and the cnde feed, or nedia to be,glarified, or any other liquidis
added. The CCD and resin can be used tl i sol ate plasma coagul ation factors
wi th DEAF Sephadex. 8 May 2006 WD 03/ 039702 PCT/ US02/ 36497 11 The CCD and
nmet hods of the present invention for single-stage adsorption or batch

adsorption are fAUARIARRIHE TOMETeatsd BIMEAE thef Qe L @6APLOD, tehdads because
the resin or other bed material ,can be easily added and w thdrawn fromthe

CCD, by, for exafgraeriabthatae 3530 RS KUY on speed. Once a 5 batch of |iquid
has been through the bedmn thdsembifishs,iose procmuachiadtdn e e on plardgehe  same
type or a different type.is added to the and .processi ng. can conti nue.
In other net hoﬂg",’“ﬂﬁo% gﬂ??f‘gfﬁuﬁl}fﬁ S&S‘gl(ffggﬂljh%te?%tcﬁ?lﬂmﬁﬁeé P4yt d t hr ough
the bed nor§ thate enactt,i dremiiplosgs o paiitpicatce iFokimy edn efpetfamgét nol ecul es
fromthe [|iqui .0or to_saturate t.he d. mat er | once .t h rget nol ecul e
i s removed fron‘?‘gﬁgﬂ?éy’lﬂfecf gﬁ?ﬁngga"a s%?ﬂ%of%ﬁcg?ﬂecnﬂg:&ﬁg%&i al, the
liquid is procemsedtritnpravidGhnltipe pasdeh ef thel Batérogenaboniipid @anthe isélatinige bed
material has a target. nol ecul.e adsorbed. ontq it that | , the bed
material is ei tﬂéF&E%%PétS“W%?P@W@H eec‘t‘h%lgbseégr ({h%ﬂélyggso%ﬁﬁl t ar get

nol ecul e, or the&Cbedn thixtveryj apariicalar thgetrmriaviedad bothohiphlyGe8Dvahfiomt reat ed to
remove the rget |l ecul e |f .th Qun ar get I Lel want ed, 15
t he bed mat ﬁi a eé%%“%?%?%’a%hé%l 1‘\3/?,13% ﬁiggea%ﬁémﬁ%%ogﬁgreel%i\e@g 0?) tragl%ﬁ’t he CCD and
cl eaned or di scarthieliniddamit drodd bomwinddknateplr at i on of target nolecules is

adsorption of the targ e@oﬁ&g%%ﬁ%lggtte Ié é&dé&jﬂo%ﬁo r%ge C(ll]ﬂsi Qe

applications, this netho el'rm ~the steps r particulate renoval.
Fl ui di zed beds @l énwynetpesdefimaterialo@d2ip dyoneingephy EHinyesa pPobellatkit erial in

the CCD by the gunrhatd Aa8bd bdior UGRERE bEPEMGRs, and low, medium and high

15  performance liquid chromatography columns. The choice of material added to

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

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

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




~so the particles of bed material remain suspended in substantially the sane

location within the CCD and then flow ng the media having thgMagnoes
nol ecul es  through the bed material. There are a | arge nunber particles
that can be used in the nmethods 25 of the present invention and in the

CCDs for VEABHBE02 on of target nolecules from the nediBEHS8Ynt ai ns t hem

For exanpl e, agarose support particles have long been used in

.chromat ogr aphy net hods. Commercially avail abl e adsorbents based on

anor phous silica have al so been used. ese adsorbents are denser than

agar ose- based adsorbents, but the snmaller bead size enables this material
to 8 May 2006 WD 03/039702 PCT/ 11S02/ 36497 12 expand to the sane degree as
beds of agarose beads at conparable flow velocities. There is no
limtation in the presem bénafidsitaspaat 6othe pleent yyentiof ipaet thelCED wsed as the
bed materi al . part| cl.e.that sed.in ndar.d_chr ogr aphy

net hods are co‘?"f%/]é( D:H 3 %F njréﬂccé%e cgﬁoﬁ‘éo%]thﬁm%& rcaré\r“eérgé) of the present
i nvention. 5 Pakdin, (glelesbeadhait baﬂpma:temdlnzeahﬂf eddep ae thecahaber toa chyaiberyol ecul es or
for particular di,a_ co |t| n resent

i nvention. utg‘eﬁghhé’r% %i h|ego d%y’ 31%0%1%&0%@?”03‘{1 echﬁé ‘}1%% étijdes all of
the steps |51vctbvtbeddesned hpbeqbrt@qmtlwfsmﬁmidamapfgnteﬂ@i far e patollagcul e.  For
exanpl €, SLePS plilcafin am{&@gm%ﬁ&%%&&y&f&& ﬁ%ﬁ&lﬁ%fb‘ﬁﬁﬂ Bipdles [ s i ncluded

in isolation of ecul' e, genera st 'step in the

process of i solcattiifspal fdfbﬁaﬂqglf@gfe@mnmﬂem andwyavm)tallmahﬁpmdﬁ tear get

nol ecul e t hat f t er lg,bgl@c% ny stage of

purification t haIE[I %ggdrglaﬂéiﬁﬁnﬁlt %ﬁlé g‘%ﬁg%u?aﬂ?eag?%g&%?ﬂp%gicess l%/let hods of

t he pr esent i nu@pwdwﬂmmspmdgcbmpﬂmﬁa@vewmﬂm pardd¢ efeeim Tlos allowp get

mol ecul es O%“re%méﬂpé)ﬁo Al Jz?ﬁce% R1edfo bhe ggbﬂﬂéﬁéhgléﬁ%y, in 15
para

seri al arrangenment or ar r angenent S, I'n conblnations with

ot her separat i dack fastpregwentoblams adpke rattiglss Mmmarméé'@mWéba@% be
performed in Orkgtha%e’i’s’%cbﬁtﬁ‘znﬁ!aﬁb%%?ﬂlﬁzﬁféﬁ‘ih@xlﬁﬁgﬁﬁécl%r%ﬁmpgﬁmlfeﬁd into a

second or nore his system can be used, for exanple, for a method of
treating | ar ge Bindhanaing e f°ﬂF°P qlmlwimaqthemmnmam@fﬁrSMP eHideTHRPEe t he sane

bed materi al, Segmﬁfmghealﬂonpﬁmtcﬂﬁnb%p:ﬁﬂe&waﬁ} h:§i thé %ﬁbﬁcbhaﬁbe&%%ne by many
CCDs, in elther a serial_pathway or a ar al ernatively, a

method comphd seeansddr ﬁ‘ijn]étze‘il fog GP‘Hheéé%r |PF|‘B°183 ‘Eaﬁg’ﬁ gqchardsd or o el

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




nol ecule to a first CCD having a particular bed material, having the |iquid
effected by the conditions in the CCD, and then adding the |g®aydobgavi ng
the first CCD to a second CCD having a different bed naterial. For

exanpl e, the crude 25 feed stock is added to a first CCD having a bed

mat eri al WOA/3POBvi des a sizing function and renoves PEFB¥RS¢Terial s such
as cells or cellular debris. The liquid Ileaving the first CCD, having been
acted on by the bed materials, no |onger contains as many cells or as nuch
cellular debris as it did prior to beiqg exposed 8 May 2006 WD 03/039702
PCTI US02/ 36497 13 to the bed material. This treated liquid is then fed into
a second CCD, that has a bed material that acts as an ionic exchanger. In
t hese net hods, one processing step can be perfornmed on a |large anount of
starting nat er i mhiprisdrcdretednedt Ghkpaticldired ideasigtcianed|by wableinp. Cik samgact i ons or

5 tissue extrac It 1 pl teps of. pyrificati or . isalation can be
per f or med. Addi ?%nc%ﬁ fhghl férﬁjga 1s%tozf’rfllsr? aﬁuaceeraflgy u@&%% s %H’%%ﬁlf Bndgne CCD in a
cont i nuous | oopopeiating fogker parongiro tiaddlowufot ilgnger pRstmstiné by hie fagker ogeneous
l'iquid over the_ jisglating or separating nmaterial (particles) contained
within the chanber or chanbers of the CCD. In this way, a particular
target nol echl e can be tTheriyhttiods enbspegoditionspieicotiadhesrebldmsrvgthmat eri al |
whi ch | eads to greatel ﬁgfg&ﬁ%ﬁoh f iR GR 4 | n the liquid
can be cleared %f .unvva‘r}lt ed te%“élgpg?%ﬂggéﬁrgeglgngt% raigjﬁ'y%grrea aec%{dal s added to
one or nore CCO¥diihe Hepdefilter) and s iirs ay prsellent coffention detlies fospattiqulate
chromat ogr aphy haehNiHgYE e BR Lacﬁ.g' lndfith Yehe § ' ed or

er W'i: kit Jthe eﬁ%ﬁac%%gg éi',} .%ﬁd@ﬁges@

expanded bed col ums, and | ow, i umand ornmance Tiquid
chr omat ogr aphy ©bmapaedngThgerighicireatitgfe fonseprpialg carde shlutes, b aso nor e

chambers of 1 heafable el GhdFoBEFbablt S SHAE HoDGTR! ol Bleuifiich as

ti ssue extract, chem cal reaction mxture or stoc ot'h, any preprocessing
steps, and theompugds mgy|sigaificatly rdesrense coliies effisispey padbbelactdty. | H t he met hods
of the present prdgaVaR!dreR cok@masSR thbenGHh AR LRBSt ReslathBler i al s by a
conbi nation of vector 20 forces and does not rely ‘upon either a support
structure or tHFEUERHFHEELE aFRYTElime | olumngnagenanaefisa epssfantaerse i i n pl ace,
conpressi on of dthRaRedormieri als does not occur like that found in
conventi on(ai5 col umm t echpi ggﬁs Therefore, snaller naterials or materials
not capabl e%f bei ng uséd® SHPHPFTetacHmuki pawmals fre iepagkingpopsiaints

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

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

surfaces. Additionally, if the packing materials become contaminated with

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

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

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

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

EBxamples are provided herein for applications of the methods and

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

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

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

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

comprises compositions comprising known particle types and novel applications




t he present invention. The choice of chromatography materials is not
limted by 25 the same considerations as those found in convgep.yanaé
chromat ography and the present invention contenplates such novél uses of
these materials. The present invention also conprises nethods and
conposi t iVYEBEBuf fers and el uents that are known t oPEHBH3ERT |l ed in the
art. 8 May 2006 WD 03/039702 PCT/ US02/ 36497 14 A beneficial aspect of the
present invention is that the CCDis easily maintained. In general, the
chromat ography material, herein referrgg to as resin, gel, bead, or bed
material, is easily added to the chanber or chanbers through a port. The
bed is forned by, anong other forces, rotation of the chanber 5 to the
desired speed to yield the size and shape needed for the particul ar

appl i cation. Thefpaﬂmd b ﬂﬂhcaﬂlﬁotbhalrmﬂﬁ,}h(sbdsb@ﬁusé of lagijatibiadh wigmdagl, but not

i |ow ¢ he.par t 1 orgecpSbhy eBhBons s ok e ol T p okl SRR, Of L e
CCD wherei n eacis qga:rrbwtbhtemdcsstoadrﬂjﬁpmﬂmimmcps stughpahere crd asoriefeadeion to every
oL e Part Lol @ Rk Sl Wb Bl WVl i Lokl Sl b PULRRNES ' ©, 21
pressure probl esmpanmeitst II‘IESSLF!@.}GWIEG feein Oamﬂlmw,ahmn@dr alwﬁteb.l liquit Hgusth anber Yo}
that there is ng.com ?dﬁuﬁﬁg et@th afelfot 1 W%‘i{!dlg t@%ﬂ%tfn{?&n{ﬂ‘ (CRATRGE Wi th
particles. By changing t orces I'nc I'on paraneters, the
particles can b@mbeabqns9fﬂl¢se|mﬂ@@lefqoommehfeammlﬂﬂehnﬂﬁpm%tsmhyn and t he
erpty Fhambers can Do LoalEAReh BiriSheblld &Stk o {30AhBShablly The

particles can be recharge are mal nt wi thin the
chanber or f| us#ddnclude eanhpagticles or aggeds halcten bP@SEtdkf@r inemetneraphyThd f or ces

created in e% gl ckly after
addi tion ofmt]he pare'fl?cl nglE %&@%&géﬁ&%&@@%ﬁ%% tH%QI iquid. 20 Once

the preferred f%%éb%m@ﬁ%ﬁolwem@mwphb o pmpEiterolacyles ins r eached.

Wi thin the CCD,nhé RGid&dnddalthet FBiM 36 Me COO HSSIcE ethedoARIS HrRRg gihape. . Shoul d
processing steps require a different flow speed of the targ‘yl nol ecul e

through the bd¥d Fh&mgehaty g bﬁ%andshﬁé‘bé“‘lﬁ‘famiaﬂlé hepe jogation Srifin Bsanged by

changi ng the f%ﬁxﬁbw@ﬁ&@ﬁﬁx@i@n@f&é%o%es@ﬂﬁg&% 1ds NEx b 1ty of
provi di ng rent chrona y. techni ques, even

ltitude of 25. diff to}?
Wi t hout Ch:’ré‘un(g pfrﬁglestja(f.hfqe&uéal? 9?} imited to, agarose, sepharose, sﬂlca beads, mixed
- composition beads, anionic beads, cationic beads, affinify chromatography beads

and specialty beads with functional groups. These chromatography materials are
known and are commercially available from companies such as BioRad, of
California, and Amersham Biosciences, Piscatawa&, N.J. '

20 The present invention comprises methods and compositions used
with a CCD such that the CCD functions as an expanded bed or packed bed
chromatography device. The CCD can use adsorbents to form stable fluidized
beds at high operating flow velocities. Ion exchange resins are used, such as those
made from highly biocompatible agarose base matrix with an fnert crystalline

25  quartz core material to provide the required density. The defined particle size and
density distribution of the adsorbents yield expanded beds with well-defined and
consistent hydrodynamic properties, and with adsorption characteristics similar to
those of packed beds of standard chromatography media.




For exanple, a CCD with sizing particles, at a particular force sunmation
paraneter, can be used to initially filter a fermentation breopayvopassi ng
the broth quickly through the bed so that only large naterials are
retained, by for exanple, formng a |lower density bed and havi ng hi gher -
flow mediVk0 E%"?Wét only l'arge 8 May 2006 WO 03/ 039702 R&EY0XAI736497 15
materials are retained. The particle bed is easily cleaned by washi ng. The
same CCD can then forma nore dense particle bed by using different
rotation and operating force paranezggf that allow for |onger retention
time by the target nolecule. 5 The met hods and conpositions overcone
the problenms wth packed bed chromatography, while providing excellent
separation. The packed bed is a depth filter, and this it is an excellent
col l ection device for pdﬁﬂ)cmmataﬁmnapaﬂmihﬁhﬂmmmnﬁmsmmihfmﬁmﬂking medi a,

the better it aghs A%vlylor hg{ﬁn %?3@%g&5§§f%¢éﬁd< ‘%%géggﬁ terlals are

sui tabl e for separatling cert are al Bl'e of
retaini ng otheﬂﬂ%ﬁhﬁmnenmgmwmmnm@igaﬂmmﬂﬁ¢mnkﬁmb¢Mﬁﬁywdihﬁ&&umﬁta|ned

conpounds may §f thﬁ(In!, Fl%%dln% 1&%%33?)?(&65% %l (ﬁn@ﬂy %mI, ko4 genrce:Xseﬁ1 émm‘gerr e?Ct lvity. If

proper care of he co S not en 1 trnme an wast ed when
the colum 1 s Dresesseters. imcasasatyield, Sh¢fF¢EOVe®ﬂilpmmS nEa,mtdewdrkrber dost andconst ant

expense with q&ﬁgg@aﬁm QbOha ¢ |nts &btggeAggﬁ&g §H@ﬂﬁs %ggglate

materials due to packlng constr ecause a c gen orce
sumat i on par affe @%ﬁﬂ%ﬂ”ﬁﬁ%ﬁﬁ&@héﬁ%ﬁmtm@mwéenﬂebgﬁbgauking particle

so that the eaghiRdri, tdcRrifAHbnRd enfaieuﬁgl:?éillapll A8 BN Al lnclu@ﬂ'[ hages

Additionally, if the ‘packi ng naterials becone contam hated. wth adhered
mat eri als, the PRARYS rrgreted dam; basteriag 3aasthimsash ghimgl, fud pidné dellsuyeasifcell he CCD 20

chanber andonewhdaml c@mﬂﬁ%ﬁﬁ%eﬁitesa@gﬁg hyﬂ?fdl)lﬁa fegﬁen&ﬁbrgbrggl m?&(g‘rhé ng material

is cleaned or recharged, he material | eane rechar ged

within.the ch&HbSHE™e, Yhile éiﬁla#tfé%ul&lre’@eﬂw agimnahisges f4trasts. Aapt st ur dy
nmaterial and tihee ek@c®, af@owe ShusdcdRhtedads, RESEA l?ééf:tfo%réxxﬁﬁes”&teﬁf' al s, making

them easily cI ned | es are prOV|ded herei n for ications of t he

met hods and 25 ﬁﬁﬁgﬁwﬁgﬁ§mﬁ?m?ﬂé ﬁ?é%@WPmPHWQH@V%hbﬂgg@@ém@xanples are

for illustrati Soureddatetals aredulo réferrddo BSRMrGHEncks HiuidsNThd RerdgeNeRR! | on. The

I nvention (igrrpilqmc?sscarsx FO R ﬁlty Ihgtgrogenous, meaning that the liquid contains very many
d1ﬁ‘eren’§ kinds of molecules, or the heterogeneous liquid may only comprise more
than one molecule, such as a liquid taken at a late step in the purification process..

CCD methods and devices can provide a single pass operation in
which desired proteins are purified from crude, particulate-containing feed-stock

20 without the need for separate clarification, concentration and initial purification.
The CCD bed created by the design of force parameters allows for a distance
between the adsorbent particles, providing an increased void volume fraction in
the bed, which allows for unhindered passage of cells, cell debris and other
particulates during application of crude feed to the columm.

25 Crude, unclarified feed, a highly heterogeneous liquid, is applied to
the CCD bed and target molecules are bound to the adsorbent while cell debris,
cells, particulates and contaminants pass through 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




nol ecul es  using CCD, and any separation techni ques that can be adapted to a
CCD are contenpl ated by the present invention. In particul argpReopgventi on
-conprises conpositions conprising known particle types and nove
applications 8 May 2006 WO 03/039702 PCT/ US02/ 36497 16 of particle types
that cann¥P '¥®9®rrently used because of linitations i FCHPHRAAHY

chromat ogr aphy applications such as col ums. Were one CCD or one chanber
is described, it understood that nultiple CCDs or chanbers are al so

i ntended. \Were particular conmponent s ;are described, it is understood that
the individual 5 conponents, pressure I'evels, resin or particle types,
chanber shapes, liquid, liquid flow and rotation paraneters are not
limting to the invention and that novel conbinations of these and ot her
compon Ie nts gr e dfeﬁiﬁnl:aﬂl chitel cbihdebieard h&gﬁ_ﬂie of ﬁm‘LﬁiﬂIaieQEhgalriéls islsr&gﬁc_i &g femnn,

particles, bea r.resi.ns are ed | nt er changea i ncl ude any

arti ol os or b praEE it Aof D uemanres 2o ma suRpry BT 0" ke i ol e
i s capabl e of baigegmeleatts from tiedied nEhgOitabpetynffeif cobditidngn Bod exmepld, thea CCD t 0
forma beld, su as.in cal um. chromtoqgraphy,. and acts t epar at e

ol ecul e 1 o R ptfert e HB RO AR R o Rt DR e, © e
particles fobm cgditireis dbagedscethitoheradei molecu ib edeasaddiduethel adwotbsttanti al ly in
one location within,t c [ m’rBIt]i f t G forces
acting on the p}%l“r1 ?aélpgrg?leﬁ;k@%%éssa%ghglﬁ p%%?‘ti C ggl elﬁncé)fl%%sé?él%b%rg&are not
limted to, agamdsale, srepamd 8 eon@nttation drefiel; parly yedfied; anposily fan beads,

ani oni ¢ beads, I.QNk ff 1Al r aph nd specialty
beads with f unﬁ%ﬁ%@?‘%@é@%@%@e@‘%ﬁ&? %g?l g%%ég%%{per?igéﬂ%m&%e known and
are conmer ci al | fr concenirzting e takgeomleaigfoni deghdiekerasneBisdiRad comgfrisin€al i f or ni a,

and Aner sham, Bi Lenc 1 scat. T I : ! tion
- conprises n@ho%gl%gnag a@%o&%égls;igalﬁ%%‘é‘@ﬁasggvjsaaﬁﬁer,ag&%df;ﬁggﬁé ??}Sg% he CCD
functions as anmystshbicithd sivervation ofthe kethr fuets aging omticagsashymdeirl.ce. The CCD
can use adsorbepignd Pk detlRPba dik Histhe 6 nibedRioBhe Ridiodangt i ng 1 ow

velocities. lon exchange resrns are used, such as those nade from highly
bi oconpat i bl e amtersisan Big deteraganpysiliqwid tdpaghthiopgly the badyguting|thepdsop®dquart z core
material to proyide,fhend S the dasHOnR ihaferiall BRI EBEAE dnd Bfuloh GhigerSi e and
density distri butg%r]% of the adsorbents yeing tf}ﬁlex?ar@gé}bbeds Wi F%
wel | - def i el arfdoleqslsns e adserbpd, drestiyiokeadle opt Bp ertddeSom it adgprbprtads or pt i on
. Ch_ar acteri sti CSpg iR Wil O 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-funed for a particular compound. Nonpolar compounds are

" retained more strongly than polar compounds. In reversed phase partition, the
sample molecules are distributed between a polar, usually aqueous, mobile phase
and a nonpolar (aromatic) resin backbone. The more hydrophobic molecules elute

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




t hose of packed beds of standard chromatography nedia. 8 May 2006 WO

03/ 039702 PCTI US02/ 36497 17 CCD net hods wi th expanded bed chaagens stics
can be used for initial recovery of target proteins fromcrude feed-stock.
The process steps of «clarification, concentration and initial purification
can be cO¥BPHEA2nto one unit operation, providing iﬂ%ﬁ@ﬁ@%ﬂ“ﬁfocess
econony due to a decreased nunber of 5 process steps, increased yield,
shorter overall process tinme, reduced Iabor cost and reduced running cost

and capital expenditure. Addltlonally ki nds of source materials can
be used in processing such different na erlals including, but not [limted
to, bacterial honobgenate, bacterial |lysate, E. coli inclusion bodies,

-~ products secreted frombacteria, yeast, insect, aninmal, and plant cells,
- yeast cell 10 amaiomhaﬁe%ﬁmhmbﬁﬁmhﬂm@gaﬂaM@sm-mmﬂhm-mybﬁ&ﬂmmpomernentation

broth, nyeloma  cell | ture, re brot m | k, ani mal
tissue extract St ﬁWﬁﬂf&eﬁFggﬁ%P ?? bﬁqt% hﬁﬁ“ %#%%W%HE%??%|S cheni ca
reaction m xt Urﬁ&hodé’r&hcmmmﬁdslﬂoﬁs es xheagsrebeﬂwhtannm smmmselat lael:hodf fam a
continuous fluidized bep | Or eact.or SourclT m?ﬁ s%@ gg 9 referred to
as het er ogenous>PAE Belce e“ﬂ%?g?%agﬁg%u§“ B4 S ghly

het er ogenousj5 mm@mkﬂgfiH@Dlmhgchnmmmdmanmmammsmvehymnhmqmudt@$%rent ki nds
o e e o BRETS AR Al el B O NafOPIGh SEpIRG St han one

nol ecul e, such en-at e puri |cat|on
process. CCD mﬂdﬂsowwndmwﬁMEmWSphMSd@taem fmgblec m@n@p@ﬂatl on in
whi ch desired . rot el nge?%xglealllg gfqbﬁﬁhg ﬁ)lglpgrpage A 13l a8t ai ni ng

f eed- st ock 20 € nee e clari ’ion, concentration
and initial puraofnpmatcompnsm'ﬁﬁs)f@@mbedhldrthfa@m naqlewhes m@b‘?“gfllbbﬂwf or ce

par anet ers | o r t %th
provi di ng aﬂ5| %ﬁ%gge v0|%aﬁgﬁ Q%racﬁﬁ%ﬁmﬁﬁgg&ﬁﬁg d mhlch alloms for
unhi nder ed pas§agmg@@ﬁ$§htsw1@®Bmdhébﬁm8mmﬁdm@$@%ﬁk>%@?tﬁ%@ﬂ&Fﬁs duri ng

appl ication of gkl RS LhinROL AR o i W) Rich bt ced. 2

hi ghl y het er ogeneous 'l 1 qui i's appl and _t ar get
mol ecul es ar e bugsiheb tha theterzei anvlpee prtersapnd ia sush pmeghephrthastarset anglqcule

par ti cul at es _ang,aphafl 0aNL, ReStnd BEAPEDUIBNLAUARSE 1QR diarget ol ecul o

can be trap I's way and the nmethod can be acconplished using different
adsor bant o 5 abbrongbdbpbefmt eri al s. Weakly bound material, such as

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

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

25  the CCD in the appropriate buffering conditions and flowed through until the
target molecule is either bound to the beads or excluded from the beads. The

target molecule is then eluted directly from the CCD bed if excluded, or the target
molecule is eluted from the CCD bed with the appropriately buffered media.




8 May 2006 WD 03/039702 PCT/ U302136497 18 residual cells, cell debris and
other type of particulate material, is washed out from the bashyusiosg
liquid flow Different paranmeters are then used to elute the captured
target nol ecules fromthe bed using suitable buffer conditions. For

exanpl e, WAB0347%t ance between the particles of the adBeVBERBAterial is

i ncreased and the buffer 5 condition is changed so that the target nol ecul e
is released fromthe adsorbent material particles and enters the el uent
phase. The eluent contains the target | ecul e, increased in
concentration, clarified, partly purifi'ed, and ready for further
purification if necessary. Thus the present invention conprises a nethod
for concentrating a target nolecule froma highly heterogeneous liquid
conprising 10 addi ng an alseffeencommbidy iwabd tior ani6ChrC baioh edxchaaps pendi ng t he
adsor bent materi.al t he su tign.of the vector forces.acting on the
adsor bent . nateﬂF§P$&¥%%¥ﬂ?H%Hgm%ﬁFBW%?%ngﬁﬁ@h %FT%%ﬁogﬁgB?ﬁgtthe t ar get
mol ecul e and al invwsiont Aemrictyred eiffemlcan benset & diffdring egRNowendingGuitt t 0 pass

t hrough the bed, el utin he adsorb t ar get | ecul e f i he adsor bent
mat erial and coF?%%f%Hﬁ %I%ﬁﬁﬁg ?ﬁp&g@w %mﬂ%ﬁﬁ%@ﬂgﬁm$hgﬁ%8§%?bed t ar get
mol ecul e cand bemeleatled fumdmThéesead boffdyegtions et bave dile satk kclargehs thdsor bent
material is wtRLR. HRer ;.0 Qggq ' or s eluted from

t he adsorbent ma gehrolﬁl%f\gmgl ?’er tlﬁg “Ras bgcrﬁ@ %P&?&cglth%%ﬂ rg‘oiﬁl;[t%i g%r t he CCD.
CCD net hods, desxagpls, ahuiplesnions ivithosrtion erprigmebddnarex Fiu siithnani®0

chromat ogr aphy n 8,k j usikon, .. jle.ions with

| i ke charge cd%%%?g%%ﬁ%tg%?@&%he Egﬁﬁggaﬁic‘sﬁgégﬁéémﬁn ﬁ%%gﬁgharge.

Hi ghly char ged acsh8EFES laahteacékbﬂFﬂdM@Pﬁrmmhta HIFRS; pipaictaéid| BESyaidune and _
el ute soonefq | MO MRhioyiP hafGs RAlde! HJQt]r]aretHb% AR 6 !b?ing,' Efs.rmp,ut ed bet ween
the intraparticle (bound) water ~and a | ess polar nobile “phase.” By choosing
an appropri at e Hethanglaming,o| Gefhylening e d-Pisfiding ednifiazpley paidinbe Ficine-t uned for a
particul ar conpguigholaNHRRA Bis. Gmgm%%_cﬁiﬁereéeﬁérﬁém%dﬂﬁfwﬁ% pangl y than
pol ar conpounds. I n reversed phase partition, the sSanple nolecules are

di stributed betQ®d&pumesnsi-3M Nysl, dhis wagvngaemeyes wwespitlebqyhdmseterigbnd a nonpol ar
(aromatic) resin backbongenoleomBrig YIERNBRES ADLGEUEES of! 4@ |ater than

| ess hydrophobi c gnes. Ligand_exchange and size exclusion can also be 8 My
2006 require complex eluents for effective separations. These mechanisms work on the

principle of modifying the compound to be analyzed uniil if is compatible with the
bed material.  Alternatively, the bed material can be modified and the
chromatogtaphic conditions are optimized to be compatible with the compound,
allowing for isocratic elution and no sample derivatization.

20 CCD applications contemplate the use of ion exchange methods.
Ion exchange chromatography is one of the most widely nsed techniques for
protein purification. Two of the most commonly used ion exchange supports ‘are
strong anion and cation exchangers. Strong anion exchangers, with quaternary
amine functional groups are used for purifying acidic and neuiral proteins and

25  peptides. Strong cation exchangers, with sulfonate functional groups, are used for
purifying basic and neufral proteins and peptides. Any type of support materjal
that can be used in the CCD device that can bear these and other jonic finctional
groups are contemplated by the present invention.

CCD BED MATERIALS '




WO 03/ 039702 PCTI US02/ 36497 19 used. In size exclusion, nolecules too | arge
to penetrate the effective pore structure of the resin are pRusizoes!ly
excluded fromthe intraparticle volune. The nethods and conpositions of
the present invention conprise a nmethod for separating nol ecul es, ‘
conpri si MO E¥Mng a substantially stationary bed wi t RCRUSP25866Ranber of a
CCD usi ng conpositions conprising particles and nedia, wherein the
conposi tion of particles conprises particles that are suitable for ion
exclusion and the conposition of nedi @I corrpri se liquids that create an
ionic environnent in which a target ecul e is bound by the particles.
Alternatively, the nmethods conprise conpositions of nedia in which the
target nolecule is not bound by the 10 particles. In another alternative,
t he met hods conpri sertheaygaasibed mﬁﬂjreﬁarﬁehalaﬂsOkamiamm&mhasgeiﬂkat are too
smal | for the targe | ecul e t nter. |n anot tern t he

met hods conpri s%“%o#ﬂg{‘)? 't‘sle"g]r‘?gheocgn%a?tﬁ?dé F’é‘gdeﬁlﬁ?/sl“ﬂg{;%%fl %mffdﬁ’lgieasgfde si zed so
t hat the targetpaobgadhd ehemitblnsyre afidhd Mrget aivleaulese bihaghpotride ahdtﬁ@sat nol ecul e
elutes fromthe het | ec had fl| owed
directly 15 i el B hORcibd S GnBSErore Rl can
conprise parbi cbmmng]m#atasdﬂﬂ&pipemﬂs Se ptefaably aematedmuemisahp}asmdl a, made

by BioRad. Thesg c?eaﬂedk (%thﬁg oﬁ%r%wal@f g%l&!ﬁ@ Egn&p%lqu 8&%% g'%%“ pa?c!oﬁ&? Eﬁcf: beads

desi gned for th% Separdtion o viruses, plasm ds
and ot her macr oﬁoﬁ@buh@ganif hadd)saqbsef@ﬂﬂ)aseearpin@w dt@dom xch@gerktsiicl i n 20%

et hanol as a 509 l t eig%lg stream
entering the CC@%%}%%& %ﬁl{ﬁ]ﬁy c-&gg u?rom tﬁ%gﬁg%%g%m Qev%rgl %\n{it hin the
CCD. Det erm ni ngethéds. opti mal flow rate and bed size is well within the
skill of thege skilled ip @Fm dgt epphn agget nol ecul e
to be isolated or separate JI"'ﬁltraad\?a[ﬁg %Sogoﬁ%a?g?ng&%lﬁ% Edgér?l%ggt nol ecul e is
added to 25 t heco@ppritions tihtaialigy mmﬁ@n@h@gmomaﬁhmsumﬁwmhoﬁsmﬁa f1 owned
through until thgnedabasl MakCaUbd: loh BbIAGT iPOlAGL & WS heads or excl uded
fromthe beads. e target nolecCule 1s then uted directly fromthe CCD
bed if excl udedconmnn@mbcqmlgépcaumféi@dwéc quaéfltnpwnwbm@ BB bed with
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15  bed materials. The input fluids or stock or fermentation broths, which contain the

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




20 Al'l buffers commonly used for anion or cation exchange chromatography
are used with the ion exchange beads and nethods of the presgptayobpyention.
A variety of buffers can be used in differing steps, depending on t he
nature of the target nolecule and the heterogeneous liquid in which the
target 5 WB'¥H7% i s found. The use of buffering ions gﬁ’é’@‘ﬁﬁ@"@"the sane
charge as the functional group on the ion exchange beads wl| produce the
best results. For exanple, phosphate ions with cation exchange beads and
Tris with anion exchange beads. Cationj Ig'c buffers include, but are not
limted to, acetic acid, citric acid, HEPES, |actic acid, MES, MOPS,
phosphate, PIPES, pivalic acid, TES, and 10 tri ci ne. Ani oni c buffers
include, but are not limted to, bicine, bis-Tris, diethanolam ne,

di et hyl am ne, Ladhies¢ ithti high thrmgimah@ueqo;tr inclustrén] ap;rhcmune of adsbﬂpﬁnbl.hanm am ne

and Tris. The i an, be nerate =4 bed vol unes
of 1-2 M Nad . 08&%@# %& r‘f%lgc’gtg re@térgei g’ly i 0152‘%&?051’1 *\et hods
conpri sing revepls‘lﬁﬂatphaa'ée émdwnhont thabeatgbainy @irieil ©at oflfhe mﬂmn r@heconpl ex

eluents for effggli r@fqﬁm ni s n principle
of nodifyi ng t he cg&c}rrpou gﬁ{l&ﬁ;}atbgfﬂan:Ete;lryzegl B trr?fg\é\%g ﬂogft F(B'Itrgl with the
bed material ¥ Awitkquhigssiof depsads.he bed nateri al can be m)dl fied and the
chromat ographic conditio o] he

Ao 10 RolaHer Lot Ondifufe m%xfsﬂl hdhy

conpound, allowi ng for isocratic no’sa I'vati zation. 20
CCD appl i cat i ondreeHagZEppY aeEclehia afdJesstonei qu@xmmangemmlrfws Beld on exchange

chr ot ogr aphy e oakinhii MSic JMfHal s s 6l SN GHES ofBles o OF &1 1

purification. Two of the npst commorily used on” exchange ‘supports are
strong ani on anteifigpldirce flehamigdiesin agraviignal firerrortibiesigde wsulipptt h

quaternary (@M fgtof @ﬁ}ﬁlhht%aéf A QRS A6y b e {)aeﬁcwauwh&)éfnmﬂe Gbeli ¢ and

neutral proteins, and gltl des. Strong cation exchangers, wth sul fonate

functional group® m&?@‘ﬁ@é’ ligehe pagigles b ﬁ@%?@fé}ﬁd/e?@f?fﬁfélactmgot ei ns and

peptides. Any totDe Phrtislf AN tomMped tidbmatddidhy Gad) ah&ngﬁaﬁtefoge&aﬁ CCD devi ce
that can bear these and . other ionic functional "groups are contenpl ated by

the present i n/iHd SRPIREShaEmseRGiemefopaing gy hotgrgenppysdigrio By thy2
PCT/ US02/ 36497 adfions of the chromatography bed; and retaining the separated portion of the

15 heterogeneous liquid comprising the target molecule. This method comprises

using any known chromatography particles, including, but not limited to,
chromatography particles that are adsorbent, size exclusion, affinity, absorbent,
polar, nonpolar, cationic, anionic, ligand exchange, hydrophobic, hydrophilic, and
ion-pairing, and others known to those of skill in the art. The actions of the
20  chromatography bed are from the interaction or noninteraction of the particles
with the components of the heterogeneous liquid and buffers that are used during
‘the chromatography run of the CCD. The actions of the chromatography bed are
to separate or fractionate the heterogeneous liquid in one or more ways, with the
target molecule found in at least one of the fractions, |
25 PARTICLES
The CCD bed material can be of ail types‘ of resins or materials for
the separation methods of the present invention. Additionally, the CCD can use
novel combinations of different beads or novel combinations of functional groups

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




The type of bed material, resin, bead, all of which are interchangeable
terms, that are used in the CCD nethods and devices w || be glgfagropsed at

| east in part by the chem cal nature of the target nol ecul es or conpounds
and the solutions in which the target nolecule is found. Certain cl asses
of water YR¥Y¥EHWRe 5 or sparingly water sol ubl e conpouReEUHREM8T ef er abl y
separated on reversed phase particle beds, while other water soluble
conpounds such as sugars, alcohols and short chain organic acids are
preferably separated on the ion exchangg resins. Mddle range solubility
conpounds can be separated with several different nethods. 10 A particular
advant age of the CCD net hods, devices and conpositions is that high

resol uti on chronmat ography supports, such as smaller dianmeter beads, resins
or; gels can bepamedmacropaelist slightly gotohs snpwed, hpdrophdivy dpdrophnbit, col ums

because of the J.gck LAV [ in.t.he h ' aof the
resin, beads orhgﬁﬁgg%?gﬁ§¥@%¥%5§&§ggﬂ%%%F%&E¥g§ﬁgwls?§ﬂggggé%%Iunn 15 bed
mat eri al s. The beppeitard hatilagted to, plastick, rosthabrytate sircug ianion loxaberigers withi ch cont ai n
the target nol .0l e.L.oL:m: [ . 1S practical
in standard co nﬁﬁgg d%ggﬁ%ﬁg&béggﬁggm?ﬁ ’ é%gyﬁéﬁggﬁpag%%%%gin the CCD
can be so cab efmatticles, hight§ stong eafiom prthinizp aaterisis dr BYY! werkgttioorexehavicot her force
paranmeters. The higher viscosity capabilities allows for Iess dilution of
starting materials and may al so 20 prevent preprocessing steps such as
filtration. Fluid flow ifconmminlseesedipatetind iy sgpwsep magyslorpien énvorkot by

physi cal bed CWM&&&%@%&&&M&%W&Q&&Moﬁ&M% of MEhfRRI i €S,

| eading to shorter=loading tine, The C met hods, conpositions and devices
can be used to creserHpkedt aampy meirisAmceRhivgs enod; binding srrecHert &7 BI%E t hat can

separated byy Zpoietiies) FRHOB AR #ith Bh BRGSeal BRI m&yAal fabilfeDagGan be used
for the analysis of proteins, carbohydrates, al cohols and organic acids in

food and bever dghanicabtahilinigiee IPorHit BiPRACAR TEHE B0 be ETUSE e

applications. TdciPaf AFEbEWhen faflicles &€ Pk i fRBly MBktanRendikie etk for the
differing target nolecules, the start nghnaterlal and the degree of

purification neddedlovh fryromgifgrations, diigredt foMa tEh SRFGmatpRapEy, 2006 WO

03/ 039702 PCTI %ﬂweaﬁéah%%e&ﬁﬁil@\bela&@ﬁ oh Biffereht Th QUGN W clogsditidngd i N
i ndustri al ﬁ?ptécatio S

om standard I?eads?d’fl%rséa Eliaggr{]as or no chanpes are contemplated for all
structural materials in the bed materials. Modified agarose matrices may be less

brittle than inorganic material such as some glass or ceramic materials.
Particles made only of organic material have limited density and
would need to have very large diameters for conventional chromatography
20  considerations such as high sedimentation velocity required. ‘Such large particle
diameters result in long diffusional path lengths, which cause considerable mass
transfer resistance, counteracting productivity. Unlike conventional
chromatography, CCD devices, methods and compositions can employ these
larger organic materials.  Additionally, the present invention comprises a
25  composite particle containing an inert core material that is denser than organic
materials. Such particles can be desipned so that their density is high at a

reasonable particle size.

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




- particles wth

chr omat ogr aphy, flow velocities nust be high throughout the conplete
purification cycle but wthout the beads being carried out ofmMde00¢! um.
The design and operational paraneters of the CCD permt efficiént flow
control 5 without |oss of the beads. A nethod for isolati n% a target
mol ecul e WO 9%i ng, suspending chromat ography part PETES23693t | east one
chanber in a centrifugal force field wherein a continuous flow of a liquid
acts to create a force which opposes the centrifugal force filed and
wherein a gravitational force contributgs to the resultant 10 vector
summation of all forces acting on the particles, wherein the forces
substantially immobilize the particles by the summati on of the vector
forces acting on the particles, and formng a chromatography bed, adding a
het er ogeneous  |1pagting veb iy CEPrjambee (The gabllendigheupaticlesapaeab iong t he
het er ogeneous | i.gus I - he..ehr t ggr aphy. bed; and
retaining the sepggirl%téggﬂ%%? elr’%%&%eggéﬁggsltéaﬁle reelrlooglgng%ﬁ(gé%ﬂ"&hﬁn&h%onpri si ng
the target nol ectdrestergtsiis contamimdatedclonthe ipsewit inueiting  &izy, dendmnbiadinpnat ogr aphy
particles, inclyghi iocD Lmte Ak raph articles that
are adsor bent,, , Lég‘?a‘z}ig“_eék%lﬁgﬁ%‘%_‘é g?? %Si’ nlp%(;ﬁl),[ mgtglg%;ag%%? %S%geo%/ger%, otln ‘hpol ar,
cationi c, aniPonivéde Yarigfaaficoasbinationge! chypimeshaoidi fastorhihdt apkediic CCGEnd
i on-pairing, ancedbiiahdddpawn to those of skill in the art. The actions of
the 20 chromat og&ag% bed are fromthe interaction or noninteraction of the
ke ALBRESTEMS of the heterogeneous |iquid and buffers that

are used during the chrm&&a&&%ﬁoﬁ%ﬁegm&o&%c&gﬁ Gl i@ Of the
chromat ography hed are . to separate or fractionate th Fleterogeneous liquid

in one or nore s tatyigf¥g e eCCR afhg etherppipristien ef thighn aenfosmance | limisk one of t he
fractions. 10 PARGhileRphy EPSD bed 0@behids GAIAE aRbn@lolneky RS Of resins

or materials for _the separation nethaods of the present invention.

Addi tional |y, tFENEeD o geoRige. Hegds | oxehnas; sirstexelidono revgised ehagmendbeads or

novel conbi nati esmaighast Yitlindigpdnd GFFRIR SThe M miltBAR6Es SMnbhGioaaffs bead. The
particles can be, but .gre not limted }o, 2006 WO 03/039702

ﬂ : very 8 May 2(

PCT/ US02/ 36497 23" BHY oipamain SPReundss | The phargp 99bo trsin maeyidss fhsus |
hydrophi l'i c, hyecupatlitphifcion ehélgdidny vatiiar ge desiss na@hill ¥udbhay 96ty char ge,
rigid, or S‘f\gl ! gal?:{cbeohe, -I;Iﬂce)wéa g;c{ttl)p%lﬂgcs itﬁgrgcﬁon to take place. The extent of the '

inferactions depends on the compounds being analyzed and the degree of

selectivity required.
Reversed phase and ion pairing HPLC techniques require complex
eluent conditions for effective separations. These methods work on the principle
20  of modifying the compound to be analyzed nntil it is compatible with the bed.
Additionally, with resin-based HPLC-like CCD beds, instead of modifying -the
compound to be analyzed, the bed material is modified and rotation and other
force parameters are optimized to be compatible with the compound structure.
Resin-based beds allow for the use of an isocratic HPLC system, simplifying
25 sample preparation methods and require no sample derivatization. This shortens
sample preparation time, -and reduces total analysis time. Filtration may be the
only preprocessing step necessary.
'AFFINITY CHROMATOGRAPHY -




be, but are not linmted to, plastics, nmethacrylate, strong anion exchangers
with high binding capacity, |ow binding capacity, DEAF weakg aty@noexchange
5 particles, high S strong cation exchange materials, or CM weak cation
exchange erials. A commonly used material is agarose, a nat erl al proven
to work ‘ﬁgﬁ%"mﬁ? industrial scale chromatography. ThePCHESYRE?

structure of the highly cross-linked agarose natrices conblnes good

bi ndi ng capacities for large 10 nol ecul es, such as proteins, with high
chem cal and nechanical stability. H ghg nechanical stability is an

i nportant property of a matrix to be used to reduce the effects of
attrition when particles are noving freely. Because the design of the CCD
allows for considerations different from col unm chromatography, the

agar ose beads may be smediiaity @ronhaieerpphy isbasdil bif e ebitityiof thapottinles mf
cross-linking 1p,f T anges are

cont enpl at ed fot?legF(Fm struct urafﬁﬁéﬂ%I o Rﬁgﬁfenhlfbﬁgﬁ%lepfr %E&ecgg% . Modified
agar ose matri ceBorpalpnab antibediss istonp wof the mmwwlwmomoﬁ ehramsetograplyl arluch as some
gl ass or ceram gchBiéolali ¢ rial have
limted densgty and would rﬁ%ﬁéﬁﬁgﬁ%ﬁgﬁg ?@%%ngfefag@%%ﬂé‘!ﬁercs P]

convent i onal Wbyeionsd grdiponpclonad anthpdiesglinding nortivnss Hetegigns and @hgnmtﬂl ment ati on
vel ocity requi rﬁdann&aséb mrﬂﬁbwrﬁe&eﬁkﬁ dipRpt ﬁf&drﬁééint 6! ot 3 di f f usi onal
path | engths, which cause considerable mass tran resi st ance,

count eracti ng pRYeIsERMEYs topryiyatieus slpeset ofdmmnnogiohtiprafogranty, CCD

devi ces, net hodsrRRE HeAREP PEdin ANer T8RPl AY udeh85S LBl 887 o @aNIiC
materials. Additional iI)i}/ the present invention conprises a 25 conposite

particle cont ailiffeFgenseys; i C@’éﬁr’émﬁvﬁ“’eﬁ’i%t mpaiegules, snflodicar ist praged or gani c

material s. Juchupamtthchas ma&xéeem%&ﬂegia%&ma%y&ﬂe%ot&ﬂ% ér @'ﬁ{asdtﬁe‘l I's high at
a reasonable part:&le s ze. Partjcle polydi 'ggrsm In bed material is

al so cont enpl at®H™B "Htf% Clefpeeucont liguidRast thisneh By eeds Okt marpicrbaselt y gr adi ent s

position the b&aﬂlﬁlata:ﬁalssqa@mﬁsb&to&oM&ﬁp&QQ@rs\i@la@s%é 038d4iePCT/ US02/ 36497 24

| ocations with the CCD harrber1 f%@? IT%P Ilghter partlcles nove to one
position and the |arger; ﬁé%ﬂ%? {4e ‘(i-fsmfsﬁlaﬁpdmﬂ@rwc@fﬁ@

Pol ydi sper si ty providadhyA fiedh @CBoRplisitg el SnaGeittoE DBA B hesls bith Uik esent
i nventi on. I%i z %me%agid%ré/ ,a z%xré&j imgge anion exchange/dye ligand, is used, which feeds
directly into a CHT-1 ceramic hydroxyapatite chromatography bed in a second
CCD or conventional column. The DEAE-blue resin is a bifunctional affinity gel |
containing Cibacron blue F3GA dye covalently attached to DEAE agarose. The

dye binds albumin and the DEAE group binds the remaining acidic proteins, This

20  offers an aliemative separation to Protein A or G binding separation. The

combined dye and DEAE material can bind all IgG subclasses, uses mild elution

conditions and provides complete removal of all proteases. Under appropriate

conditions, the antibody is eluted and thg albumin is retained. The hydroxyapatite

step further purifies the antibody. The CHT-I bed is useful when the pI of the

25 antibody is close enough to the pl of albumin to cause problems with ion

exchange. In addition, the of CHT-I could allow different idiotypes of the
monoclonals to be separated. :

Another purification method comprises use of a strong cation

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




capabilities, exclusion pore sizes, support material differences are a few
of the 5 wide variety of conbinations of conponents and fact®imybbas are
used in CCD nethods and devi ces. HPLC APPLI CATI ONS The present i nventi on
conpri ses_pet hods and conpositions for the CCD that give the CCD the '
char act er'Y &P B9 high performance liquid 10 chromat BgVEPRY®HPLC) . The
CCD net hods i nclude, anong ot hers, ion exclusion, ion exchange,ligand,
exchange si ze exclusion, reversed phase and normal phase partitioning, and
affinity. These nultiple nodes of intemgction offer a unique ability to
separate conmpounds. The charge on the resin provides the capability of ion
exclusion, while the resin material, such as pol ystyrene 15 backbone,
al |l ows hydrophobic interaction to take place. The extent of the

i nteractions degergdd anhdaeh gotdidnip clhedstitwdy igpaitatly zieced ntithishdl aigigr ee  of

sel ectivity Ieihdd mdtRYGhaH RIGHGuANG: bl B b RICHRLGLECHN ques
require conplex eluent conditions tor é ect Ve separatitons. These net hods
work on the pritheiapibedy B0etifedrodisbdiim ghlotide gradipo vadbet webee sutakhezed until it
is conpatible wWdib,d,he bed. Additionally, with resin-based HPLC |ike CCD
beds, instead of nodifying the conpound to be analyzed, the bed materi al

i s nodifiedand rotati onArgfher perifisationf wethed sompriset ases ofapewetanivnzed to be

conpati bl e it hudi@e&OMmaURg SEAMCIHINGear B8 NshRsed sirds 2l lew for the use
of an isocratic HPL% system SLHD|IR¥IHQ 25 sanpl e preparation nethods and
require no sanpPEvgeFetukns bavpnlsgp thepH mnaghad peRef 78 ansedfoptheBEABL i on ti e,

and reduces totiRll. aie YifinSnobloins Find LAk R0 BRMiDSR fubmiePlhy Phepr ocessi ng
step necessary. AFFI NLTY CHROVATOGRAPHY 8 May 2006 WD 03/ 039702

PCT1US02136497 S%19RF { {1FTers cxiensivs tiereyp dpeijbing Wosh guien onbengroopdiionst y of the
particles i1 theankBshidsOallRRE Fr nfad) kpLibiibgh Jritgst ALESE WBEB GG FOr
exanmpl e, purificatign of__ nonoclonal antibodies is one of the mjor-
appl i cations of™t HFBRHt ofFapHfad hromeemsarhy dntiers s ackpdienttaedhs conpri se
purification ofusiagtihdediein ckdhedgefl tiROtoSthd it forande BRMARdBAA
antlbodles,'blndin% %_rtlons, ﬁf Hﬁg'%?ﬁ and fragnents
_ volumes when changiig pH. CCD can change the distance between bed
particles by easily changing fhe rotation and other force parameters and thus
15  allows for less buffer and time in equilibration.
Methods such as these, especially use of the blue dye affinity
material which can differentiate between albumin and other proteins, can be used
to separate and purify serum and plasma proteins such as complement,
fetoprotein, macroglobulin, thyromedin, gelsolin and albumin. Enzymes can also
20 be purified, including, but not limited to, kinases, dehydrogenases and other
nucleotide-dependent enzymes. Enzyme substrate affinity beads are also
contemplated by the present invention. 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 nsed
because the CCD bed materials comprise different structural concerns for

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




of antibodies, and antibody receptors. Protein A and Protein G containing
materials are means to purify various classes of inmunogl obugivps-2066"
exanple, particles having Protein A or Protein G are used in a CCD bed and
the het s liquid conmprising the target nol ecule antl bodies, is
passed léﬁ{gﬁ?ﬁo&g@ the bed. The target nolecule is bounﬂcwsutzﬁ *Protein A or
G and other materials in the heterogeneous |iquid pass through the bed.

Q her receptor-based bed materials can be used to isolate species or

subcl asses of anti bodi es. An exanple ofz7CCD nmet hods to isolate particular
nonoclonals is provided. A first CCD conprising a bed material of DEAE
beads with G bacron 15 blue F3GA dye , a m xed node ani on exchange/ dye
ligand, is used, which feeds directly into a CHT-1 ceram ¢ hydroxyapatite
chr omat ogr aphy ssowration %S@éd@ﬁalOie@@DW@ght@@m@mds smatlegidbsunusleosides, DEAF- bl ue
resinis a bi fuaa@éch@mhesai&a' gage&y Gl boss at%g% ge G008 Bl I dye

covalently attached to g;ir ose. umn and t he DEAF
- .group binds theafﬁ@ﬁhﬁ)i"ﬁdﬁgeﬂéélﬁ d@xﬂmﬂé(mdlomné Gwepﬁﬁ’fftfeql@elarﬁlaéftdt ernative

separation to Pgptigd dciha QMSatt &y Me%étﬁéds%udzggpamﬁm aedodye and DEAE

material can_bind all 1gG subcl asses, uses mld elution conditions and
provi des condl etoBRFEESORPOEAS Hph 2 Syiotsayidne %ﬁ@éﬁﬂoﬁfﬁ?’d‘?@mrﬁaﬁ‘éhﬁcondl tions,

the antibody isaglptmes @&Qoﬁ:ﬁemelbmhmbﬂt ﬂﬁnrdﬁfe%h@%muw&nﬁﬂgé papatite

step finther purlfles t he anti bod i s useful when the pl of

the 25 anti bodysl#¥nc| %%%%cﬁ’é’tﬁﬁﬁm’t E;S"t h“ec‘HPb”Eﬁd ‘éﬂﬂbﬁfﬁnﬁy thy i $ebsdr obl ens wi t h
ion exchange. paBkigtdbniily@Pbeal B@luﬁlf)n%e{erﬁﬁ%agat@én{aﬁ%dwcﬁléser ent idiotypes of

the nonoclonals to be rs{gﬁarat ed. . Anot her purification nethod conprises use
of a strong cation excHBHYaualadesiency beady (opd mafsiials) srmealspibausedle a pH of 4.5

to 5, al buni(n is@ed’mgngt isa&lt YorSceMay taZ@Qﬁm!é&l@ﬁ/ B39 MznRC TS 8497 26
charged and does not ant i bod ositively charged at this pH

and binds to tHEVEEP Igg?quqlg tOTa}I}eag%{‘P or IyRe| A HERPTIPRITBE @he CCD
chanber and t hentampladdy thes preghtainvation. Anﬁlﬁﬁhogmlﬂiﬁb @i Beaigeirdi ont can be

used to elute th nti baod 5, Anot her . purifj catlo hod c rl_ses use of
a weak ani on @Wéﬁgsg?f’m%z(fg g]ég%ﬁ S feaRer ?ﬂb‘ﬁsé‘)‘(cﬁi‘ﬁér?aé" terial. Mst

oxidation of vicinal hydroxyls of the sugars of the carbohydrates found on the Fe
15  region of IgG. These specific antibodies can be directed to any target molecule

D.

and can be used for one step separation methods,

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

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

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

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

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




i mmunogl obul ins have pls in the 6-8 range, and a pH of 7.5 is used for the
DEAE bed. Most immunogl obulins bind under these conditions gangyeogse early
in a gradient. There is extensive literature describing weak anion
exchange nditions 10 for antibodies, allow ng for many applications of
t hose neﬂﬁggg&%hBCII)devices and nethods. Wth standa?é”gﬁﬁﬁﬁﬁzography
devices there is a disadvantage in wusing the weak ion exchanger due to the
requi renent for large equilibration volunmes when changi ng pH The CCD can
change the di stance between bed particiges by easily changing the rotation
and other force paraneters and thus 15 allows for less buffer and tine in
equi libration. Methods such as these, especially use of the blue dye
affinity material which can differentiate between al bum n and ot her
proteins, can bérpasig have bsepaisalpeed aindUSubatent Nes. ui62%R19pb A8 6pr ot ei ns
such as conpl e f tein, macroglehul ' | solin and
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boronat e-derivatized material s can be made from any material used in
maki ng chr omat otjXemAREapRis quaterjalshegause fhe jéfpe of mmaydty iddengwsily aBoyatani de, and

can be used Wi t{icRRdrfinisak Sr bbbl callsurd lte GAHE PGS, th3Lelass RGRAYSS, the CCD bed
materials conprise different struyctural concerns for materials. These

bor onat e- der i vatPeEHeIELHEY &p5 2 pguibiged offect gn fhgariplgrand s effesi wilk 8 May 2006
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radii, eventually clogging the liquid input port.

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

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

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

which allows for the relative immobilization of such particles. The effect of




packing density or bead exclusion paraneter to separate snall nolecules.

I ndi vi dual ly desi gned beads (bed materials) can al so be usedgM%l
specifically select for certain target nolecules. Bed materials that al | ow
for mn{g in coupling to an agarose or other ty of support

mat eri al ﬁ?gil&?'@#}terrpl ated by the present invention. ﬁ?ﬁ.l E"BI ins can be
attached to activated supports through prinmary am nes or ot her nmet hods
such as periodate oxidation of vicinal hydroxyls of the sugars of the

car bohydrates found on the Fc 15 regi opgof | gG These specific antibodies
can be directed to any target nolecule and can be used for one step
separation nethods. Qther chemcal materials can be used to purify or
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a support 20 ralih 3l mo 4 1te Afth MW LRSBASHR) SRRO) KTRLR iR pEOnL ! 0
~paired i mniodiacetate io0 groups in |nd|ng

pol yval ent net atoiptischowstbeopséeel axisr G ands O@Qﬁércomwmnbwéﬂgstai n the
presence of NMONQYAEHonE Hch ABHAEHOR pAty AN usﬂlxzz@{fgmﬁats%ﬁ'a% gl s resin
has a very strong attraction for transrtion even 1n %

concent r at ed” s alimiteddp attion salely s e gfz e Sheeithivdis dieisame piape @G@l@l I ows for 25

envi ronment al ctcmatﬂeehamm%ﬁmqgllh@maﬂgﬁéﬂmetaedwebBﬂe%é}tstrﬁﬁbd%ac‘iuch metal s
or renoval of q%?éch rret al's frombiomaterial s containing other target

mol ecul es. The HeBABAOL presiraived prrdicle atany priwtin 3 WHteshprledsthealgrt appar at us

t hat substanti a&ﬂmesmﬁenmmeg@?egd}%r&gagﬂng{@ﬁﬂt hat formthe bed by use of
the summation of the vector forces acting on each particle. Enbodi nents of
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motion of a particle under these constraints and for [20 X (k/a)] <R (a low mass

- particle) results in fhe determination that the motion is periodic; that is, the
particle motion results in a return to its starting place after a complete rotation of

360 degrees (after equilibrium is reached). As is shown in FIG. 2, the effect of

20 gravity on the motion of a particle otherwise immobile as a result of the opposing
- equality of the centrifugal and flow-related forces results in a decrease in radial
position in quadrants I and I, and an exacily equal radial lengthening in quadrants

I and IV. Thus, the radial distance of the particle from the axis of rotation also
exhibits a periodic motion over the course of a full rotation of 360 degrees. It

25 should be noted thaf, 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.




Consequently, gravity has a significant effect on the particle, and this
effect will 10 increase with time. Over longer time periods,gifig20869ht of
t he suspended particles causes these particles to settle to thé | owest
regi ons ocatalyst i mrobi |i zati on chanber he bal ance
of forceg&&ﬁg@ﬁplnltlally suspended themin the chanb§§+1$9 %r t he
aggregation of these particles into a larger particle with V|rtuaIIy t he
sanme density as the individual particles results in 15 an increased
centrifugal effect which causes the aggyegates to mgrate to longer radii,
eventually clogging the liquid input port. The apparatus used in the

nmet hods of the present invention take advantage of the rel ationships
inherent in (1) Stoke's Law and the theory of counterflow centrifugation;
(2) the geonetrical rel allcowBtiivpgnatibn bf ewasick dodigh aanopR® rotetinml f ugal fiel d
strength; (3) H@ﬂ:ﬁe}/ Is§h&vﬁ1\’\fncﬁﬁe 1%%? S%IGagd’Iﬂ{hg)mdg{' JoLt%ﬁér i fw ucH%ﬁir aul'ic
pressure on media and particles. ésent rnvention
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i mrobi |i zati on ghﬁ&ﬁ? f I known
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utilized by hetoaapsh gt lesdieg edgpe Sldﬁ)ﬁéé@lpﬂhﬂ%mﬂmﬁ ufThesi 2g@riiglenovel met hod
to-immobilize pafsﬁanaé&naaraewﬁgal /ﬁefarvpﬂa?&lrls ofiRed GAn! gfhl ﬁ%@hﬁb%ﬁ Law in

conbi nation with EFOVISIOH or effect of gravity al so acts on
the i mobilized"d I?thoeahé@edrteﬁmwhg mqﬁma(%thn%ﬁﬁff@céwly ipglobitizedhiitiep  whi ch
al lows for-the palal b¥ e dMMBRILLRAEAR & 1S HERERRAGT blef K8 Sourdd St &f f ect of 8
May 2006 WO 03/039702 PCT/ US02136497 29 gravity can be conpensated for by
an al ternative BAWMEBL of rotational axis as is .shown in FIG 1. If

rotation abpgt the horl zmgiaﬂhcaﬁfép@seﬁwoﬂﬁs}mg%ﬁmlaﬁ@ﬁ%@éamgﬁt ation about
the vertical axis (z), as is npst_comon in biolog i'cal centrlfugatlon

then the eff ectm@PO‘bFé\W"tﬂ%ﬁ @rixismivsdsr heseepngibipnsith té’BOtWIFP RS be 5

limted to acti @A BRE &y nbw YehBstafed afdl affied B N6iR-tdrhi SuokcdilfiRnSaTE pl ane in
which both the centr%&ggal as well as the |i Uld flow related forces are
constrai ned to Bgfcles elﬁf)faf]’élrfilscs‘fm%@l?%’{‘er%xﬁ ) hish whengsvalpatedy point in a

rotational CyC'Eqﬂ s, kﬁt@seﬁt@ﬁ![ﬂ)sitﬁﬁﬁn whith tH§adiiRidhklatineg itoicBBzddyip@s of forces

acting upon,it. | nset A of. Fl 2, where th | ane of the
Fi gur g i g 15 cenmfugal EE%) whtich 13 exactly opposed by anG'mwardly—d:rected ltiqmed B

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

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

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




.10 the x-z plane, the effect of gravity (Fg) on the position of a particle
suspended in a radially-directed centrifugal field (Fc) V\hlgmag,rzo@g(act |y
equal and opposing force supplied by an inwardly-directed flowng |iquid
(Fb) is %ﬁg&ﬁﬁﬂ, toward the particle, can be calculated by the eval uation
of equati 2where (k) represents the downward di BpVE0¥MAT in the x-z
pl ane inparted by gravitational forces 15 during an angul ar rotation of the
rotor position equal to (a). Analysis of the notion of a particle under
these constraints and for [20 X (lda)] ® R (a low mass particle) results
in the determnation that the notion is periodic; that is, the particle
notion results in a return to its starting place after a conplete rotation
of 360 degreesg&aj‘ter uilibriumis reached). As is shown in FIG 2, the
effect of 20 gr 4 Ipeyilizatioa ofdwpsimegsionsl sawsi of| rarticleh ot wi snglel mtiebi | e as a
result of the oppradeT@m RAv@iddbaxRf the centrifugal and flowrelated forces
results in a decrease in_radial position in quadrants | and Il, and an
exactly equal radial | enttifetrmer ith Whish @rpanicls is 10quedaﬁdy11ﬂ%0ﬂ|’hass the r adi al

di st ance of thegmmamyh@mieaammhﬁ) aﬁ%ifaheﬁldfs%@édlﬂﬂaﬂﬁé&g% &
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180 degrees where%gﬁjwo full roéqa}:]arl ons are required if neasurerrent begi ns
at either zero Gt Cra POFHRIoEerguPIed by layers of pagficles uﬁ’f%??ﬂ%eﬂ?ﬁﬂﬁealflﬂﬂo'dl st ance
different from dlhenmnnalganﬁﬁbfjsaeﬁﬂdstlgsm g;dgm‘bﬁwe dildhit@at G $R@culd® My 2006 WO

- 03/ 039702 PCTNS(Q 66‘{@ 30 .The ﬁ]éweﬂ %ve m)tl on of a particle through a
conpl ete rotation Sk ca? (‘E":Ffée?%§éﬁc°6"fmfpg%ﬁelémqnﬁﬂ1t he sides of
a containerl@n auﬁufts/hlstﬂmehqumamdw edl@it))StheUSRRIE et i€ odcaPPpBfiods and 2, then
the notion of th(%alpdat se of one_rotational cycle would

describe a circ ces £% eéé’f?fltgrr&lﬁﬁ grpqn%?@%‘&h@ 4l fifgh @s fhoee OF%PéIcFPng edge"
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distances (Bqn. 3). Conversely, particles initially located at A3 would experience
a reduced centrifugal field and would migrate to shorter radial distances (Equ. 4).
Thus, it is not possible to form a three-dimensional array of particles in a parallel-
walled chamber such as that of FIG. 5.

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

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

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




rotation is now the (y) axis. Under these conditions the hypothesis of
Sanderson and Bird can now be restated and applied to | ong-¢ ®&a2006

i mmobi li zation of particles. There is a radial distance along the z axis

- (rz) whi n evaluated by Eqn. 3, represents a pogit in which the
parti cl equ%""’ﬂ"éfa%. vely imobilized in a 15 centri fugal (ﬁ[@)a ‘WH chis
exactly opposed by an inwardly-directed liquid flow, even in the presence
of a gravitational field. Furthernore, a sinplification of Stoke's Law
(Egn. 1) under the conditions of uniformparticle size, shape, and density’
and a honogeneous liquid flowresults in Egn. 2, where it is obvious that

t he Sedi nentation Velocity of a particle (SV) is a sinple linear function
of the 20 applled centrifugal field. Simlarly, Eqn. 3 can then be
rewritten under BaifRose asrticlesigitialist logaad 3t gadjal distancech?. conld slisepperfenesui d Vel oci ty
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suggests that t erem a conti nuum of iquid fl ow vél ocit and applied
centrifugal fi elOWEs WHFLHsEEI &e‘b@o‘??&tt@ﬁ"eﬁww thet‘f?étl?"ev%the&hwﬂf of const ant

(O, all of Whlﬁhﬂmgindensmywa&pﬁdaeoﬁa@ﬁbwsmmmtseeﬁqﬂ @1 AiinygpnPar ticle
i mmobilizati Further, jf the liquid flow velocity cou be " varied as a
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i nportant for ative | i zat | on of thr ee-di mensi onal arrays of
particles as opp §§°é6° tk‘% %SW%%S C{RES-15%1°0 §tre of hethapboningeseAs31 t he

i mobi | i zati on tba‘rotavimamaaieﬂsecﬁﬂaﬁb amﬁsayssls%plmrlhlmeﬁ i85 pBesitlegl € radi al

dlstancefromtherg ré_1 aXIf Q'%a hanber i.n which a particle is
| ocated is cyliRUFFY K EREGSIoNgt ABHT eﬂé‘blac‘fa@@& ppofrifiegal §71dand if a
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t he centri f ugalrotitiogd] cedts (mmmeaizﬁ)ba@dsﬂﬁiﬁe&l&ntdﬁ& tolveditieht fadiwwwi@b oci ty) then
particles fiarced | hgo %ﬁ%yﬁggﬁc@ Ny at radi al distances either greater

t han or smaller t h8se located in
While, at first glance, the description presented above would

suggest that the net effect of the mismatch of forces at all radii other than that

which provides immobilization would result in a “cramming” of all particles into
a narrow zone cenfered on the appropriate radivs, such is not the case. As is
20  shown graphically in FIG. 8, as each layer of parﬁcies approaches an adjacent
layer, it will move into a region where a “cushioning effect” will keep each layer
apart (the horizontal arrows:in FIG. 8). The expianation for the inability of
adjacent layers of particles to interdigitate is a consequence of an analysis of the
microscopic flow velocity profile through each layer. In FIG. 9, a lsingle
25 Iepresentative stratum of spherical particles confined to a particular radial distance
in a chamber layer of circular cross-séction is presented. The ratio of the
diameters of the particles to the diameter of the cross-section of FIG. 9 is 12:1.
While the magnitude of the flow velocity of the liquid through unoccupied
portions of the chamber cross-section can be quantified simply from the chamber



FIG 5 at A2 or A3, wll necessarily be presented wth an inequality of
restraining forces which will result in net translation of ghg ki cl es.
Thus, those particles |ocated at A2, a |longer radial distance than A,

wi |l experience a greater 15 centrlfugal force than those at Al and w ||
necessari 9 :H’t]a? %te to longer radial distances (Eqn. BSTUSBHGA sely,
particles initially located at A3 woul d experience a reduced centrifugal
field and would mgrate to shorter radial distances (Eqn. 4). Thus, it is
not possible to forma three-di nensi ongg array of particles in a parallel-
wal | ed chanber such as that of FIG S. 720 If, however, the biocatal yst

i mobi |i zati on chanber has a geonetry such that its cross-sectional area
increases as the rotational radius decreases, as is graphically displayed
in FIG ]gs thelr)ndlhfendlmaﬁhdﬂpm;mﬂwyelmwair&igﬁaretgzanﬁ@&ﬁbd&yrmﬁﬂin][rensioRal
arrays of i mobi es. [ S a, co e of the fact that
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directly as 't tation radius ((Egn. 2)...Thus f val ues of flow
velocity and r glfe%‘ﬂoﬁlﬁs" W&‘%o&s 15 Shem lﬂﬂgesgﬂg}éﬁcﬂgt ¢ oS B ifi%¥nsi onal
array of parii cveamity ﬁrougmhmbmeaf theahbolve-)td&ﬁeinﬂﬁlahs freH then AbubleBat 3), then
it is mathemati ¢g| SI u spect " t he side
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03/ 039702 PCT/ U&@B@ﬁﬂ:gﬁcr%e tiln ddcat fiow evebaeity iic | thes regmntofaéaby stretomt ed at
radial di Stancefﬁa}]v%&n'ﬂo@ld@éf@usﬁfé&%ﬁlﬁﬂ%ﬁse§ hapgéenfsﬂatﬁm Wafe equality of

forces or, as is an |n s Swhich results in
net notion back toward tlhwuabmt,etha@beenkiaemimdﬂmt for fhe cae nf 4 dambergunent may

b lied th t
of he bi ooy alabbfy &% CRERTEAk: f ekt Bt e iy ol HBPRe B’ ' OPPTE! OY
a truncat ed coriameatastene hathe @Qgiv@rwlgm@macteau&lmfcbeﬁeﬁlgﬂtfmpmﬂvel y used -
subj ect to the lﬁ;eﬂ%oﬁwa\'feibtcﬁt F'Qtthe%he THE Q%s?ec% Seb* R@%uoaorf% sphn Lg,sChanber

i Nncreases as rotati o radi us eases. " Thus, as I's depicted in FIG
7, it is possi tféhe gmeaieineeg odhe large mdins ocﬂﬁh*:rén&sva@ﬂdazbn@pfﬂay ﬁuﬁcatﬁértl cles in a

varying centri fgigal afibglhda ﬂ:@m@ﬁ% upxol@tlolnloﬁﬁllhgvofeh&\ﬁl {As’da‘?é gx}tédc int NE

bi ocat al yst_ i mobi |l izati1 on eonet r ose or a flow

“velocity delér ed8e #-edn dianthahe. éPSH eyndary cphfbhqaeqftlmmqlaw for that
“lowest” stratum of particles is presented. Tt states that tlie intrinsic sedimentation

rate of the particle due to gravity (SR) times the relative centrifugal field applied
at that radial distance (RCF) be exactly equal to the magnitude of the liquid flow
velocity (FV) at that point. In Eqn. 1, a desired boundary condition at the opposite

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

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

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




field strength decrease as the rotational radius decreases. In the geonetry
chosen in FIG 7, that of a truncated cone, the two-di nensi 98gly mosays of
particles at each rotational radius (Rc) will each be constrai ned to
notion toward that radius where 15 the opposing forces are exactly equal.
Wi le, at™"P¥&P73l ance, the description presented abovBCHE¥RE49%uggest that
the net effect of the msmatch of forces at all radii other than that

whi ch provides i mobilization would result in a "cranm ng" of all particles
into a narrow zone centered on the apg&opri ate radius, such is not the
case. As is 20 shown graphically in FI 8, as each layer of particles
approaches an adjacent layer, it will nove into a region where a
"cushioning effect” will keep each layer apart (the horizontal arrows;: in
FIG 8). The exSéd&nmﬂdﬁmRit@&sthdmodunedﬁﬂheimtﬁnﬂésedﬁféjﬁamrﬁtebwlﬁmﬂwf particles
to interdigitat JSonsequ e of the, mcr opic flow
“velocity profil guet%r%zhg RA&c w'mr% ‘% ﬁmﬁpg“%g{emﬁerg?lﬁgal“g ﬂ?SapPgﬁfesent ative
strat um of sphecantﬁ;lgabﬁeﬂﬂl dloes gommfﬂowadtet(m ahipadinple UlbanL/madlimab odi st ance in
a chanber | ayer S cti sgnt ed. Th io of the

di aneters of thlcgzlgcmﬁltS l%zgm% alaﬁgarref?%? oﬁihgzit ]311916%0 s %tre glh of FIG 9
is 12:1. W epromalrmr@m)ﬂ thel diocftalysh émfublglizatied dtarrﬂayr Bf9.a e fangthed t hr ough

From the chanber “oRhy 08P RAtD 8 DsdbeaTnaRilsguialyls-ALRl o S R

t hat point, t hegrmiaiwn&/ dlcgoply velbriyug h censtapgatdie gesnusiverdte by owlestor at um  of

articles wll ence of a
gtratum of parétalﬁgf ﬁ%g%%%@awgﬁﬂﬁﬁéiﬁﬁéﬁg Hij@g“@;&%ss i onal area
t hrough which twbcltsrqum@fihm@mﬁ@c}m*mce/ﬁswlse édpg\monlmonﬂnepgtla}iax in FIG 9,
e oner easgy | el %k Aahlufichd’ SHOHa Shi AL 9 aiyfss ARWE ! TeNS] Ons

us ]

is nore than double determned I n ree spac acent to the
stratum on eactvaggtipe inthy gentrifygel 6§é@b¢ngth frem cthe botiom tOo@laItOPf pbilevel ocity in
the region of aaghuBir %amlllﬁaéne%hamkyvﬂQQVﬁge§olﬁ ﬁysmg%' Wi ch keeps

each adj acent stratum separate. In actual use, It n-det erm ned t hat,

for the case ofcorespeisiisaplue aigheflogrnstoeiy. d’ittbpltt?ft@me&&@ém@bméthe fmpstj s

preferabl e thatgidd)9oesbr @i sHadber) aﬁlf&ees% dha anawﬁﬁaé aqrng?&ﬁmﬁe the region
where an eﬁt equal ity of centrifugal forces and | ow velocity is

achi eved. il eapeienes B nettipres. r &f iths 1op of ke @H@qu 3 af’d‘i“ﬂn% would

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

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

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

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

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




of the truncated cone to the large radius of the truncated cone) of the
truncated cone is determned by the simultaneous sol ution ofnafeobyo
equations presented in 15 FIG 10. In Eqn. 2, the desired boundary
condition_of immbility for that "lowest" stratum of garti cles is

present edVO#%{%; es that the intrinsic sedinentation PYEPW2E¢49T he particle
due to gravity (SR) tines the relative centrifugal field applied at that
radi al di stance (RCF) be exactly equal to the nmagnitude of the liquid flow
velocity (FV) at that point. In Egqn. 13sa 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 immbilization
chanmber, a boundary condition wherein the product of SR and RCF is tw ce

t he magni t ude obf edimghluowesy-sdetms,thesadtherthatnimputiant fordésshimenigibita been
arbitrarily cho i, t us solution of the desired boundary

condi ti on equat ?%%gye? ﬂlljgéee &?’g solve for the ratio of the conic 25 section
di anet ers when the upperltdheukbiise barmiear dioincthe divggding thak thevedfectFoflG. 11 is a
profite of the Lelilinkf HRANaEoH He ifdbOWulifhahedes [RfCRANI Lhe
centrifugal forCes across a Bi ocat al yst 1T mobil1zation chanber of coni cal
cross-secti oh whiderondsnity ofiteeeapsiiadresntiifugal foress eseaavpt lessofnporizak e wisanet er =

6.0 cm snall dj L Lariizr. Sl e ahd h .7 ] t he

Rel ative 8 My E’g%%y\o 03/ 039702 boly u‘@o%%‘gg%%°§%’9§)2’d°¥§'é(r§t&f§ﬁ%n Rate as
the product of meobiliaed pastidleisde githre seuae radinl leagthendle & rpdial tshaieaingdue t o
gravity in a nuqih @hotRMre Brtidid Sl RideRtly %ﬁﬁ%ﬂréﬁlw fo?d) fﬁdae fappl i ed
centrifugal field. For a given flowrate (1n _this exanple I0 r’g?Jm n) into a
bi ocat al yst i nserased dpw ovvlosia megnitdst (pnger radil) enderagidniavs iveladity where the 5
proxi mal engy of BRI (QoAEALAD twilh TBPA k@l M8 GRAIDR Ceedutug Geam from the
rotational axis, the product of the’intrinsic particle sedinentation rate
due to gravitystaEt he angul ar velocity is a constant at the given flow

rate in order to satisfds hh@nd@ehdeethedpiHgar Hoto@NGH § iaisie (&REFI G 10). In
ot her words, the angul ar_ velocity, need not_he specified here since its

val ue depends o#F§Emak fFifolsat i gitrinsic 1oash FHH jbe| Vg dappsnge 1 Hvobi | i zed.

The dotted Ii neﬁ:rhdﬂncgloﬁsucﬂ-ﬂnbﬁm& a)Ssidig¥erck EO@PInd wiIRAithéiint 191n kHR chdae

centri fugal %ie ﬂ st rengt. er{;nthe tiottomto the top of the biocatalyst
i nobi | zat Fon SHATHBRS PAFss 2VPRPIILPES: | i ne displays the corresponding
val ue of the flow vel ociliiyprefired th eonaol ditaeni@fintidagction afybete dehdigioost

of, pases 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 pas
which may be dissolved in a liguid is a function of the system pressure. Thus, if

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

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

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




di stal portion of the chanber), the forces are equal and a particle at this
position 15 woul d experience no net force. At the top of theg £, a
particle would experience a flowrelated force which is only one-half of

t he magni the centrifugal field and would thus_be unlikely to exit
t he chanb&e@?'g'g:’\%% in the presence of a nearby region BfUVHERPHAEI ng
cross-sectional area (the chanber liquid exit port), where flow velocities
will increase markedly. 20 It should be clear fromthe foregoing that,
subject to the necessary condition thajgthe cross-sectional area increases
as rotational radius decreases, there are other geonetrical chanber
configurations whose shape could be manipulated in order to establish
boundary and internedi ate rel ati onshi ps between the applied centrifugal
field and the |iquid fl oWypellpci CEDf 92 opsraiat imlogendeaatl bfihn Rbnddilzsdince i n
order to establi S |t ant. forc t i onshi j.n the three-

di mensi onal par tp ?ljgrlgglg% ‘lé‘i’grsﬁ?’ﬁ?‘ﬁ“’ﬁp"?‘at&‘ﬁ‘ %:Séaf Eﬁéallé%‘éaﬁ‘ (,%e f’?era%? atﬁ?&‘&% able to
utilize geonet fliged fgrirde pricteingolsaer rmings RRM)dobinstions whers @ed df, of t he

anomal ous effec oL:t0l kS, whi.ch. act dn a plane transverse to
the rotational g‘ﬁa%é?plg’nélgﬁt_kioészgé mléﬁgéggg\ﬁ%c%ggeoﬁg?%ﬁa%ﬁ& [AUS02/ 36497
35 of rect angul gxclision dsadsens immmpbilizedh ensle(2h th dreipesesutendr iporetigiante foor ces can
contribute t0  Laliekha\budhtdnt) 6 HBobiia dalricRIMY thill AlidGeGhear from the

foregoi ng that the effect of _3r avi tational” forces acting on the individual
particle massesbatkpresiurs ef an cqgvalontesgied bednfitye sarfie numdergf pirtidd. cent ri f ugal

forces are even |ess iWWﬂré’dﬂEﬁth@éQel‘i@?cénﬂ%&&h%ﬁ&ﬂf é“%% ﬁSAGEL articul ar,

since the basic effect of "‘gravity on an otherw se | nmp zed particle is
to either causeWibrom meshngt sy Sr prodening stermgy eretfiertdse progidlg aa ot i on of
a particle wll siasens@hdl of nielofbedul ﬁc?ﬂié, RPL ctirithRoda b Aol sﬁ{h aslaNCr-eased
flow velocity magnl tude (longer radii) or decrease&J | ow vel ocity 10

nmagni t ude (shorg P 102 | ) with only a much smaller change in centrifugal
field strength. As a CORSRGHERE SrodiepRRs HOFLM B0] bARebnafaRi@et | Cl € due to
gravitational effects on its intrinsic mass will be severely danpened in
the presence ofSSEH Wilhmoun@stiodsspderiegs fo5 cepiurigeitube.an athise anount t o,

in the case 15we@dvihWhe G SHordpodc #RM a ehrdthbpRiphRtehift RbPLE: CCD
15 102,

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

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

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

appropriate or svitable chromatographic technique. The CCD 102 then provides

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

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

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

different materials in the heterogeneous liquid. |

25 FIG. 13 illvstrates another system 200 utilizing methods and

compositions for separating and isolating target molecules, such as in

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

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

chromatographic processes to obtain desired product molecules. Fach CCD




It is preferred to control either the introduction of, or the generation
of, gases within the imobilization chanber. One may ensure &M 20pdition
by the application of Henry's Law, which, in essence, states that the
gquantity of a gas which nay be dissolved in a liquidis a function of the
system prE&YBE2 Thus, if 20 the hydraulic pressure of PEHES02/36497

| i qui d-containing parts of the system including chanber and the liquid
lines leading to and fromthe chanber, are maintained at a hydraulic
pressure sufficient to fully dissolve e necessary quantity of input gas
and to insure the solubility of any produced gases, then there will be no
di sturbance of the immobilization dynamcs. 25 FIG 12 illustrates a system
according to various enbodi nents of the invention. In a system 100
utilizing met hotfaRierludengrdsimobitired chiomategpaicatitioly array) dhrbmabgriphiog t ar get

nol ecul es, suc inl !T%Q . 0 1 LN onj unction
with a product ﬁoeﬁﬁggg?g?ﬁ%or@hﬁ a ﬁ’?&ﬁé%?eéspﬁégﬁﬁt@?&% &1%6. 8 May
2006 WD 03/ 03979 BCTPUSOR PB6ES fevds, Mghesekdnd, CCD QLD & Do opdraates

i ndependent of @B iAdvwZibbessRilibd - S rticle.function. That is,
a CCD 102 cagpbeaglger at ed alé part | cﬁﬁé&%ﬁ%ﬁ@%@%ﬁn‘%ﬁ léq‘%dplﬁoq)evol uti ons
(

per mnute ) CORIPB iPFRIEGLion Zesoih dP4ecan be pymped o a firfiPCIR2 2Waphdthenadt her 5 or

200 pm di anet er, iinde@hanme A8 SiuinPeads, 9 L1431, ds are
i mobi | i zed: and (2).the backpr esusugPe or tﬂsegrﬁiés??sa?éﬁ‘é@ta(fﬁ" I?a?jui d flow

through an ar r Z™BettiopAsested o crapsgr the elutien pf the terad Mmolerudest fraon anf t he

backpressur e _ofimagbihiol3heBlraRharicBes), Oh vk BRyIAIE RHERHHeALy PArti Cl es. A
production vessel 104 can be a conventional device associated’ w th known

met hods and sy<&t 8ffded o LynisaBy e ghe fpidofiow Fomahe BishEERI 292n padvs dling a 10
starting neter ipakicalar 2 RBENER YR AR B t i c device

such as a CCDIplogf . Kaﬁrfhggjﬁssl f gdrﬂl pr oh_u%&%%ﬁe&%eﬁfgggegg@ (%%5 gwci}bnventi onal
devi ce associ ACHECHYP tRodRFFRpIs eSS H8absipanceinte dagh CEBA0UP hy, st ori ng,

Slch e & Oop SRS MRS AT bl SRR, R AL ar g

such as a CCD 102. As shown in FIG
material, het g@@&ﬁ%’exsﬁ Jogmreguct jrage dtb gudhres & lignidd scpwrfomessstel  104. The
CCD 102 CCD 262a,b as a result of the chromatographic processes. Typically, a collection

15 device or storage reservoir captures the non-product waste 210.

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

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

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




captures or otherw se isolates target nolecules fromthe starting nmateri al
using an appropriate or suitable chromatographic technique.gihs 268 102
then provides 20 the target nolecules to the neans for product capture 106.
As shown in 108 of FIG 12, depending upon the chronmatographic technique
used by WR03@EYI202, the CCD 102 isol ates target nol REVES2FHMYM ot her
materials in the heterogeneous |iquid, shown in the inset chronmatogram
where peaks indicate the separation of different materials in the

het erogeneous liquid. 25 FIG 13 iIIus% ates anot her system 200 utili zing
met hods and conpositions for separati é and isolating target nol ecul es,
such as in chromatography, in accordance with various enbodi nents of the
invention. In this enbodi ment, one or nore CCDs 202a,b can be used in

respective chrgiatOgmaRh @Vaﬁ&&ﬁzﬁﬁx&aﬁ@%@&k%ﬁ}rBi%ﬁﬁrﬂ&s@reﬁlﬁuféd ol ecul es.
Each CCD 8 May 2006 WO 03/039702 PCTI US02/ 36497 37 202a,b includes an

i mobi |i zed chriéwabeprdisienvepst®fcl e array, chromatographic bed, in

accordance with a chr omayedred st CEDORRS s abbliCrolbakBla fbdhrd2ag@an be used
as a primary process device, and the second CCD 20210 can_be used as a

backup” or over fReiggulsbaEiog sarae; the flowdgmithepgodugtion vessr! 208 sidivegtfeReous | qui d,

fromS5 a commmgy Baduald Lany €EDe21X Ot bf BigetRbMIRes fén fe fitst sCDCCD 202a and
then to a second CCD 202b.. An_el uti ng medi u 2%% such as a Iigui d of a

chenical  conpd¥?? PEHDER Grald foPredist eAPiRe 2R TGP Breet Meletdt Get ol ecul es

froman i mobidiiged, &RaRBlyasE pRliCa fRdrhdidgn. A0ULRY of G:eiet Relepilavi ded to
each CCD 202a, b cally, luid flow fromthe first

as neede TynRl en the

CCD ' 20Za reachég’“h%iéecﬁ%{jr ‘3@8 ahth cae&ﬁa@afffv%}l, tom@aéa@ﬁ?ct PP TP | s
di verLed to thqowcmﬁb,maﬁaaget nﬁﬂ&ﬂl@%}h%di&% dﬁﬁd@ﬁ;ﬂﬁdacﬂéalﬁtpiﬂéd'eﬁﬂee?er VOi Ls
208a, b connect to each. CCD 202a t co ¢t _target nol ecyl e romthe
chr omat ogr abhi GUGREdFSEhE ﬂ}e%ﬁtéjﬁgrﬁogﬁ Owcql’ﬁé:CDé@Eg ?Ef.’ H‘Kerﬁgn- product
Wﬁsteh210, SUChoﬁﬁoaaeH:guiadneehﬁ. Okl i minh@Mhe ashCCO@20dakdscamda resul t of
t he chromat ogr[;p i rocesses. . T 15 devi.ce or-

Gb ok d

ically, . a collection.
storage reservoi i teorerREd Histe 'B’ﬁ)éﬁ‘im%\?vﬁ’ﬂ%“ PEEGPSHONS o, t he

conti nuous f| owedingpprodacsineisauB80 can be used in conjunction with classical
lon exchange-type or af fﬁié“ f4y§l}u¥t%?es Carr]ng & gy%@&%yutﬂizing methods and
15  compositions for separating and isolating target molecules, using chromatography,
in accordance with various embodiments of the invention. In this embodiment,
one or more CCDs are used in a continuous process flow-type scheme in which
high molecular weight product molecules can be isolated and purified from a
heterogeneous liquid. Similar to the system 200 in FIG. 13, the system 300
20  provides a heterogeneous liquid from a production vessel 302 to a first CCD 304.
In the first CCD 304, the cellular portion of the heterogeneous liquid is removed.
Waste is diverted to a reservoir such as non-product waste 306. Next, the cell-free
liguid is passed from the first CCD 304 to a second CCD 308, where low
molecular weight protein contaminants are discarded and the liquid containing
25  target molecules is passed to downsiream purification sections. Waste fromi the
second CCD 308 is diverted to another reservoir or to non-product waste 306. -
Next, a third CCD 310 and fourth CCD 312 are operated alternatively to first
absorb and then elute 2 more purified and concentrated protein target molecule.
Eluent 314 may be added to each of the third CCD 310 and/or fourth CCD 312 as




processes. Using these types of processes in conjunction with the CCDs
shown in the continuous-flow system 200, target nol ecul es cgiMaheoodt ai ned
froma 20 heterogeneous liquid. A continuous flowtype process

i npl enented by the system 200 is described below. Initially, a starting
mat eri al Wh®%$78yenous |iquid, containing target nol REWES236497 ntroduced
such as being punped froma production vessel 204, to a first CCD 202x.
The target nolecules are initially adsorbed by the first 25 CCD 202a in a
chromat ographic particle array nade frgglresin particles. The target

nmol ecul es becone imobilized within thé& first CCD 202a. Wen all avail able
bi nding sites are saturated, an el uting nedi um 206 subsequently elutes the
desired product nolecules fromthe support. Waste liquid fromthe first CCD
202a i s then diiwedddeWatio framsihlofihs Bi@ CTDI3N0 aid fethrCOD fRdactiiedtedtast € 210. In

e e
vessel 204. Whedixih I0€Df 8205 tre G@bloddAa altemaie uperitivn ree addvrtaandreddefliened t ar get
nol ecul e bi ndi ng capacj t the flow fromithe .production ssel, 204 is
diverted to 5 Rq?tgﬁ/%??duﬁtyfb%‘ ﬁﬁglg’ccglﬁ%a%mﬁ’onfﬂg At ueBtféﬁ? FEHE nol ecul es
fromthe first 43643 120k of the HRlEOD B8 didivesitte CCDB2p oaksddd. Bagt five 208a where
a target nolecule i I as th eak in a chromatogram
Qut put of targé?aﬁgﬁ@% éaﬁﬁﬁgﬂgfﬁgﬁggigﬁﬁg&ﬁfﬁﬂgﬁﬁmggﬁ“%%mﬁl3erted to a
second product reepblis eicheangoduZ0aise 31 Ukhe rashlent firbinct swegeds anokipdul e bi ndi ng
Ce Loty noneeh BiFRGH Bt en TRl herwibbiR HiRab ERlufRD. 020 I
manner, the fi rchtonfatoprapli®puriiodion ftepssecond CCD 202b can be operated in
alternatin eriods to Vi onti.nuous fl.ow of esir roduct

nol ecul es. G 14 ill ugl{[ﬁgsatlgetg" glﬁso eevflewssfg?éiﬁ}fl?oﬁ aﬁ?ﬁm%sza?cr?gﬂqn thods and 15
conpositions fan gﬂmdmamtnq1@nmﬂmﬂmhamhqgwmaﬂge&mnniesudébmﬁﬂmﬂng

chr omat ogr aphy. oy 0 46687 BBAGEMICR ¥ Al UiBo BIRR U IR Fixdeal Bl NVent i on.

In this embodi ment or nore are used 1'n a continuous process
fl owtype schermpparatuanfor efbstattiatihsepohtang irhd isolagigylatgeipmoldendss, suell &cl es can be

: i solated and p%ioma%graﬁyp rBeBending upon the type of target molecule to be separated and
15 isolated, and the role of the CCD in a particular chromatographic process, various

Q

chromatography resin arrays can be utilized with a CCD.

FIG. 15 illusirates a front view of a CCD 400 with at least one
chamber 402 for separating and isolating at lecast one biomaterial. In this
embodiment, the CCD 400 includes at least one chamber 402 positioned along 2

20 longitudinal axis of a shaft 404. Note that the CCD 400 may include any number
of chambers 402 mounted 10 the shaft 404. Turning to FIGs. 21A and 22A, the
shaft 404 typically has an input cavity 406, an output cavity 408, an injection
orifice 410, and an output orifice 412. The shaft 404 is typically composed of a
stainless steel, typically 304 or 316 stainless steel annealed, ground and polished.

25  However, the shaft 404 may be composed of metals including, but not limited to,
steel, iron, and titanium, plastics, composites, combinations thereof, or any
material capable of withstanding stresses developed in the CCD 400 during

operation.




het erogeneous liquid. Simlar to the system?200 in FIG 13, the system 300
20 provides a heterogeneous liquid froma production vessel ZQztxog first
CCD 304. In the first CCD 304, the cellular portion of the hetérogeneous
liquid is renoved. Waste is diverted to a reservoir such as non-product
wast e 300VORHIPT02t he cell-free liquid is passed from PEEU§RB&PT CCD "304 to
a second CCD 308, where |Iow nolecular weight protein contamnants are

di scarded and the liquid containing 25 target nolecules is passed to
downstream purification sections. wastﬁofroni'the second CCD 308 is
diverted to another reservoir or to non-product waste 306. Next, a third
CCD 310 and fourth CCD 312 are operated alternatively to first absorb and
then elute a nore purified and concentrated protein target nolecule.

El.uent 314 naybe added tgmqaﬁﬁ{@ﬁwhmeiﬁﬂhmﬂmﬁgwcgﬁggamq@g&mﬂpuﬁth CCD 312
as WO 03/039702 39 8 May. 2006 PCT/US02/ 36497 needed. ste fr§n1each of
the third ccD 3aastigped vithin the sheiofPdang extend drgugpot dhedegethol B shaftd04, o pn

reservoirs suchTiORufoadtte MOSHE 3 biipuriiibd 112 £5R Ridcaimicsiost h CCD 320
are enployed in alternative gperation to adsqorb and el ute ghe protein
pr oduct fron1aTWFmWF?WEHF8W€Pg@@éHHV@WE§WﬁY§¥5§§§¢“ﬁpd@ﬂﬁm 99fi%ay be 5

added to each ofontahts ad dtbrivr GeRc3diBnaddf a06. ST OCIEEDD Brferasciudecsted. Waste
RO e 20 IR N ook NEX R N
streamis an OuddHeb 41032 gorttimidl &hthib Rechpmahier W02, as gRwnpFEsUlSaddas under gone
at | east four sequential hr.omat ogr aphi ¢, purification, steps. 10 FlI Gs.
15-24 illustrat 'e%%ﬁ“nioé‘m%gﬁ?%ﬁﬁﬁ’ﬂeﬁ?%dﬂl&%ﬁr il SFW Bn enbodi nent
of the inventi ofeG. BIAS QAEIRPAIIG) thy/CED PN IndSicta Heb for fougml the Ghafiaomt ogr aphy
subst ant | al 10 sBEAAaeTRGURTE: FUBRhePhaPe o bot oorieare 4 BReh e | o
chr omat ogr aphy . johgRéRd exigofiROihatt 8. t ype of target nolecule to be separated
ang 15 Sl e e gl ol k90, PG RGO, 09 2PIS
FIG 15 ill ustreadeesi1s whidhtmayi BsVcéiposedCEiDa 404edal tslivhass kteialsds ek chanber
402 for _separ atmtagna%pe?y, | esé&' %%L 0196 %ayl b%agotmp%sneﬁ Qj a%gaxgagtgrga? lcép&{)lre] c}f hi s
‘15 withstanding the stresses developed during operation of the CCD 400, and may
| include, but is not limited to metals such as iron or titanium, plastics, composites
and/or combinations thereof. Note that in this embodiment, when the sides 416 of
the chamber 402 are fit together that each chamber 402 has an internal cavity 418
in the shape of a triangular toroid when viewed from the side. Furthermore, the
20  coxternal shape of the chamber 402 is desirably round and wheel-shaped when the
two sides 416 are fit together. The outermost portion of the intemal cavity 418
maintains an angled portion 420 between each interior surface of the chamber 402
when viewed from a position generally orthogonal to the Iongitudinal axis of the
shafi 404. The angled portion 420 may typically have an angle of about 0 to 90
25 degreés, and is preferably about 25 degrees. '
The angled portion 420 should be such that when the CCD 400 is
in operation, a biomaterial (not shown) that is contained within the chamber 402
forms a substantially statiopary chromatographic material which does not contact
the exterior surface of a manifold sleeve 422 or the shaft 404. Further, the




- enbodi nent, the CCD 400 includes at | east one chanber 402 positioned al ong
a 20 longitudinal axis of a shaft 404. Note that the CCD 4003 mmy 2006! ude
any nunber of chanbers 402 nmounted to the shaft 404. Turning to FIGs. 21A
and 22A, the shaft 404 typically has an input cavity 406, an output cavity
408, an iwWpe¥wP®Wh orifice 410, and an out put orifice RCOISIFPdYShaft 404 is
typically conposed of a stainless steel, typically 304 or 316 stainless
steel anneal ed, ground and polished. 25 However, the shaft 404 may be
conposed of netals including, but not [[imted to, steel, iron, and
titanium plastics, conposites, conbinﬁhions thereof, or any nmaterial
capabl e of withstandi ng stresses devel oped in the CCD 400 duri ng
operation. 8 May 2006 WO 03/039702 PCT/ US02/ 36497 40 The input cavity 406

and the output gawmbiMe#OR iiGkaN@Rinén 8Gon BRI b%qm@ahgédbo&t& shaft 404
and extend throughout the Iength of the shaft . The injection orifice

410 and the out pluthe shangher @ndy iz dgepe P%S}‘Pﬁ-ufﬁfpﬁﬁh‘rrﬂ%ﬁ it seolign # t he i nput

cavity 408 and éd&ffgoﬁ%pysurﬁ@é/ﬂﬁms %e%&anyr&tﬁsg%ﬁaq |td/ﬁlal/on%ﬂ1am%rbfﬂfe| fice 5
contacts an exterior surface of e shaft_ 406 400 further includes

at |east one ifpR i‘or?"@P@H%fhe@Eﬂ%‘h septiongn j this ipsfiion dsseHsEAT H%ti on with

the injectiog EleitérﬁEﬁ&ﬁQoxﬁ&ﬂnmmiﬂxﬁﬁ%ﬂexwz&hIil.fim@@?é?at{éﬂ@f‘fﬂ@CCéOZ as shown
in FIG. 15 and_16A-B. _In this enbodi ne of injection

el ements 414 ar ¥0dke2lioyingthedonsimal %B‘HOWHW&FGP‘%} %{“HE‘ UCCD 400 i ncl udes a
means for rotating the shafddedfr of B Bathltr 362 A BRLALY faﬂ@bd sdgeudr) , and the

at | east one chapber 402 ahout the | i tudinal axis | e aft 404. As

shown in Fl Gs. WBgpgplughityg %42202'[}”??731? |1%F PsirERded \/\}E)Oqess%ges 416,

whi ch may be coppeaacuad 1R piBhetd 48 of teRhases 10 mﬂmusa}eeich side

Al ternati vel&g each si de 4%3% be conposed of an O?fl al capable of 15
t

wi t hst andi ng! t HHH0Sf the ciagbe %]%?ld&i?ﬁe B BASHS HEEI 400, and
may include, baherkdeastle cbmmﬂoadnemmﬁmi abiie ﬁle@iaesaﬁsiome cl@inbtd 402N um

pl astics, conposites or cqnbi natj.o ther of e nthis
enbodi nent , elﬁ"ﬂ’leéngﬁs‘&%gedﬁ@%ﬂ’ E”Fﬁéh‘lis glz?@‘ﬁwu?%mftf"’t%f’lﬂ t her that
each 3 hahnber 4042 ey ba BppréXimetEla .6 GRYdst(y.7 4hPwith the dhmeshafike @bmbert ri angul ar
t oroi en vie jromthe side. .Furthernore, .the. 20 external shape of the
Chanber 40 | 5 BECEPRBPROTOUR DS Sy M 4t Homited
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 baving

dimensions in accordance with the scope of this invention, as set forth above.

A seal between each side 416 may be established using an o-ring

430, which is typically positioned on the intc:rior surface of a recessed portion 432

20 | of the internal cavity 418 of the chamber 402. Once the sides 416 are assembled,

the o-ring 430 contacts both sides 416. Alternatively, the seal between each side

416 of a chamber 402 may Ee created using means including, but not limited to, a
reieésable adhesive, a gasket or any type of sealant material. -

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

25  into two portions that each mount to the chamber 402 at or near the central pori:ion

of a respective side 416 of the chamber 402. A flange 434 on each portion of the

shaft 404 permits the shaft 404 to connect to the exterior surface of the chamber

402. Bolts 436 are positioned within holes 438 locaied in the flange 434 and

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




two sides 416 are fit together. The outernost portion of the internal _
cavity 418 nmintains an angled portion 420 between each intgrifno8erface
of the chanber 402 when viewed froma position generally orthogonal to the
| ongi tudi nal axis of the shaft 404. The angled portion 420 nmay typically
have an a¥gP#0¥T02about 0 to 90 25 degrees, and is prePEHBWEAIEbout 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 chanber
402 forns a substantially stationary %%raorrat ographic material which does
not contact the exterior surface of a nifold sleeve 422 or the shaft
404. Further, the 8 May 2006 WD 03/039702 PCTI US02/ 36497 41 chanber 402 can
include a transition section or walls between the angled portion of the

chamber and the4e4 emy ®e Qbcusdadfrbrimay i 8R! dh¥mbe 102 LEIAN Shy hORMRECEHE ON 'S
conposed of a syrface that js qeneral‘ly orthogonal to the |ongitudinal axis
of the shaft 464eneBpotherRlerable pranschiopTaschansms serqeithshafitof Basdeqmashi on

di scour ages t hecombitatatne sided 416 bR GRbeas02, 18 slahAoABRiHQbeaslepve 422
during operation of the thereby allowing the biomaterial to

400 ther L
performits int Eyiede h&ﬁg&fD‘éih‘?hWE‘mEi”aW“&%f%@ eehdiefhped3dos are
typically fastepnas dhogrirhey using a plurality of bolts 424. The bolts 424

are positioned within holes 426 I%%%te around the perinmeter 428 of the
chamber 402. Al ternati vel§eorngray Qs Fd-Ropngioldsleevs i Ardmbs my be hel d

together Using gRymAass ChdmBRNH020Mhay ASHENE EHni®lld slodve e LigasARb& connection
nmechani sms. Onc% thia ?d deE 416 of the ch?nber 402 have been, assenbl ed
toget her, the whigt! 889 ehleast opeouipnt chammal A¢2 imap gperomdl of fherpiold02 may be

gppr oxi mately 231@2'\'& HHJQ%llﬁs@ityzonﬁﬂJt Weﬂdﬂes’#}ﬂ% e @'ﬁﬁiﬁ'\éﬂl@d&fouﬁjﬁt@p&ﬂﬁeﬁber 403
ei ng appr oxj ma 12,0 jnches (30.5 ¢cm), and the di anmeter as _neasured 15
bet ween oppﬁgi né)“%b%’ft?rémﬁzhetwgena% (B (SRATBELY ‘@gBa“finBLW@% zmely 4hy) . However,
gt her enbodi meniespeaiivelyaad &by g&@%ﬂ 58 3he infAGH c}icl&jﬂﬁ@e abanBeferadi9 dhdapitng f .

I Mensi ons I n agcor ce w.,l e scope of this_Inventign, as, set ort
above. A seal b g% elﬁé’ﬂmg‘?“aéaﬁalﬁudﬁﬁﬁt Bt @B@%&B‘Pﬁr‘]saﬁ’éc?fﬂ?iwlf o-ring
430, which is tygveddd yAlpaaiitel the Gapoichhdnel 440 tneyibe hostithéda anpfoid r ecessed
portion 432 20.of the internal.cavity 418 of the_ch r 402. Once the
D s 816 ar e altn P daPERuEA s ot JortEtie esd H56: et ateiied
Al ternatively, dnftediarnl tHedhpwe elianmhdd0 B8ipdstioned between a plarality of output

' channels 442. O-rings 448, shown in FIGs. 15 and 16B, are typically located at a
recessed edge 450 along the outer wall of the manifold sleeve 422. Furthermore,
o-rings 448 may be positioned adjacent to the shaft 402 and around the injection
orifice 419 and the ouiput orifice 412. The o-rings 448 provide a seal to prohibit

20  fluid flow between the shaft 404 and the chamber 402.
The manifold sleeve 422 is positioned in the chamber 402 so that

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




416 of a chanber 402 may be created using neans including, but not imted
to, a releasable adhesive, a gasket or any type of seal ant g®iRrigak. AS
~shown in FIGs. 15, 21A-B, 22A-B, the shaft 404 can be divided 5into two
portions that each nmount to the chanber 402 at or near the central portion
of a resp¥@PIP&7Ri de 416 of the chamber 402. A flange BEYURSBHREh portion
of 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 flange 434 and machined into the gxterior surface of the chanber 402.
Alternatively, the shaft 8 May 2006 WD '03/039702 PCTI US02 /36497 42 404 may
be secured proxinmate to the chanber 402 using any assortnent of fasteners
or other rel easabl e connection nmechani sns. Once the shaft 404 has been
connected t o thealsbths madifolddleetd1422C Saminely, HOPloratif®f sitpd: tpefids ¢46n t hen be

driven to rotate the shaft 404 [Gh transmts.its rptatio force
through the 11 aft@Asm tgpeuictinel 448 b e vliaohe RefBERlng B to Fi co.
23A-E, a manifold sl eeveTHeomardfoldhaisdhe 2l $s sizgddowntit Anplealbelhid@® nay i ncl ude
a manifold sleeve 422 havin n _.i.nput hanpel. 4 at | east one output
channel 442 in HF=PHRE ’\R)éﬁe?bog'T S@??eﬁr?a?#?lﬁlcgam% ég%/élaﬁazlffm iasﬁ?i‘ rality of

i nput apert uf estodetier. ancbuse,phes At minyeradt waystie positap &etmandsd dé:védd3 ext endi ng
bet ween the input .channels 44Q, a t put annel 42 respectively and an
outer cwal I of LT IRGEs OB 34 R ol Moot R ond SRR, 1LY, 200,
IS positioned agkilhinrthelpniHutthaform, it oiiidietundbrstadd bonsofafrditdmeskitbinitfeol d sl eeve
422. Alternative he.input, channel 440 e. pasitl d _at..any point

al ong the Iongi?rt%‘fltn%?mgﬁ eg]f“%eew%%ﬁ%?igﬁ%lpa&l}g%ﬁfﬁﬁ?@ 1P?l‘[éudpreferred 15
enbodi nent, t heconmpmicaitdnavithelsowdet®finputiflngl t i oned between a plurality of

out put chag@el S 442. Olgi géleB Al gfpw vvrhé n.kElLGs. 168, are typically

n 15 d
| ocated at recessed ed&% al"ong 1 he outer vvalfﬁr 4@%] FReMani fol d sl eeve

422. Furt her norEGs. 1$; noAds addl 89Breinidbenpadithd chaetleratl ade mplurafityt ¢fe shaft 402

and around the jnjection i fi 1 nd_t PHL: s O f.1 2. The
o-rings 448 pr o?/hf’%eeré’ug’]étaalpgr%%esﬂrg%hﬁ%?‘ttﬁesgﬁeaﬁrﬁgléng #%%%%Jé"{s\/\%guﬁﬂtja he shaft 404
and t he chanberchd@Ber oliipet chenelfd64 o thd @ipnbapé@ge HE2 qpd thet thooveld the shafthe chanber

402 so t haf[ t héﬁ]tiiv%%é ou%&%mglwé %r%ergthetﬂnﬁ cgrnalgg cfoﬁécg:d %Ioﬁ%%(ﬂfﬁ)oi s in fluid
conmmuni cati.on wth
: - 15 As shown in FIG. 15, the CCD 400 is connected to the shaft 404
with a drive pulley 456. In FIG. 24, the CCD 400 mounts to a stand 458 and a
motor 460 is connected via a pulley belt (not shown) to drive the drive pulley 456.
The drive pulley 456 is mechanically fastened to the shaft 404, preferably using a
weld, an adhesive, a keyway, or other mechanical-type connection. The stand 458
20  positions the shaft 404 perpendicular to a gravitational force which is typically
accomplished by locating the shaft 404 parallel to the Earth's surface. The stand
458 is designed to restrict the shaft 404 from any movement, except rotational
movement, about the longitudinal axis of the shaft 404. The stand 458 mounts to
bearing assemblies 462 which allow the shaft 404 to rotate while maintaining its
25  position. In operation, the motor 460 is used to rotate the shaft 404 and one or
more chambers 402 atiached thereto about the longitudinal axis of the shaft 404.
The motor-460 is capable of rotating the shaft 404 at any rate desired by the user.
' In operation, the chamber 402 houses a chromatographic material,

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




the injection orifice 410 of the shaft 404, and each output channel 442 of
the manifold sleeve 422 is in fluid comunication with eachg Maypgbsorifice
412 25 located within the shaft 404. In such a position, the o-rings 448

| ocated between the manifold sleeve 422 and the sides 416 of the chanber
402 for MR BP3¥70%0hi ch prevents the input fluid from MSHYPZHh and
contam nating the output fluid. The plurality of input apertures 444,
extend fromthe input channel 440 to the outer 8 May 2006 WD 03/ 039702

PCT/ US02/ 36497 43 wal |l of the manifol Q4sl eeve 422. Simlarly, the
plurality of output apertures 446 extend fromthe output channel 442 to
the outer wall of the manifold sleeve 422. The mani fold sl eeve 422 is sized
to fit conpletely within the chanber 402, once both sides 416 of the

chamber 402 havgrfieon teahimie d02. 5The@6bN4, toffthe ith3ks pillsgbelt aide numer ous
ways to position, the ggg%’fold sl eev tiv te.to the shaft

422 1 el or X
404 as woul d beftiypade oty s afb?‘”o"t“ 2 ‘aﬁsgf’nes‘%f“ﬁ’ef th?tl‘f‘en&élﬁd.
Furthernore, itrai [4s hewuRdEGS 2AQQE: OYDOINE typicaldr fltlndes o shieid ér safdtyt he art
that there is nore than:one way t.Q acco i.sh_pl aci t he CC[3400 influid
communi cati on VWoPRMECE S 8’%@ ‘iVlﬁgUPa’f PHF%.W?L@ Sc?ﬁ??*?‘i‘g OF BPEFHAI cavity 418
of - the chant®er W at aFposin®sds bithe §tAdd358 hbwdel BA1IBy farasyI@Rvalfdftied can exi t
t he chanber 402 vja a uraljty of h er,out.put apertures 452. From
these aper t ur eshiflor spict; ¢pm & "éla'flﬁet’o h ¢ Sglﬁlgr%es?‘g@uﬁoﬂﬁpmgﬁannel 454 to
t he out put aperdnatiter 462 prodddshenthédhaD bghert be sfratdntaindbdt ievcd e out | et
- cavity 408, where t.he flui n be collected fromth é;(:lg 15 As shown
in FIG 15, thé"¥EF%d fogg‘ﬁng?ltﬁ]@%?a&fet%m eh@esfhfe‘l3 °r46§fe wi Pﬁggleigri ve pul | ey
456. |In FI G 24&haditee wek? 400 chambet si02 Ocoataint ahel chivhatghplic mmoeral. 460 i s
connected vj | 1 ey bel.t (not shown) to drive the drjve. ey 456. The
drive pull e];pa 4%6‘%%”1 C %Fﬁle&‘i\f)f ?fi%gqnﬁ?gﬁmtcgm%eé 45‘23??“%&&“%@ &f er abl.y
using a weld, fam ediesigvihe ratatkgychamber0d020t Ke rtheneleinben 40| is trytpted,connect i on.
The stand 458 20 pasitions,the shaft 404 perpendisul ar . vitational
force which is vaeﬁdﬁﬁ%%é%%“é&ﬁeggo %aﬁgi?hgglg?rgh%w? ﬁlémi’%af?etd%& par al | el
to the Earth's 4g0nficaiamt cabitg406, tha dhjecti&Borifise ¢ldsihg pledlitywf ipstaperbirest he shaft
404 from any nop nt cept._rotatio 4 all ongi t udi nal
axi s- of the sha ?’%@%ﬁg‘f “ﬁ&p%@]ﬁs %uﬁdggﬁéu%gﬁﬁeggéls%%%%#i es 462
whi ch al | ovi% het14éhahd préSdre o thedtuat maybd henitowit msing aipregsuieat gouge. The
' injection elements 414 telease the pressurized fluid proximate to the interior
surface of the internal cavity 418 of the chamber 402 preferably located the
furthest distance from the longitudinal axis of the shaft 404.
After the fluid has been released, the fluid flows from the
20  outermost portion of the internal cavity 418 of the chamber 402 inwardly toward

the plurality of chamber output apertures 452 located on the interior cavity 418 of
the chamber 402 adjacent to the manifold sleeve 422. When the design of the
chamber 402 is a triangular toroid, as set forth above, the fluid injected into the
chamber 402 decreases in velocity as it moves from the outermost portion of the
25  internal cavity 418 of the chamber 402 inwardly toward the longitudinal axis of
the shaft 404. The velocity of the fluid is reduced because the cross-sectional area
of the chamber 402 increases in size moving from the outermost portion of the
internal cavity 418 of the chamber 402 toward the Jongitudinal _axis of the shaft
404, Mjecting the pressurized fluid at the outermost portion of the internal cavity




25 position. In operation, the notor 460 is used to rotate the shaft 404
and one or nore chanbers 402 attached thereto about the | ongMaydiopgal axis
of the shaft 404. The notor 460 is capable of rotating the shaft 404 at
any rate desired by the user. In operation, the chanber 402 houses a '
chr omat od¥Y@PWP%kmt eri al, positioned between the ext eP¢H¥SI¥EMace of the
mani fol d sl eeve 422 and the interior 8 May 2006 WO 03/ 039702 PCT/ US02/ 36497
44 surface of the chanber 402. The notor 460, together with the pulley belt
and drive pulley 456, rotate the shaf}s5404 and at |east one chanmber 402 at
a desired rate. As shown in FIG 24, t%e CCD 400 typically includes a
shield or safety containnent chanber 464 which may include two hal ves and
may be hinged or 5 bolted at opposing ends of the stand 458 in order to

al l ow for easy 418mpvial chaxhber 162 paditioed the dnidsaftitt it nowt diffusn@rugicthanber 464.

The shield or safety. contalnnment hanb 464 pr ovi a.thermal barrier or
heat cont ai nneﬁ'?onﬁaé%'ia]cct@?qr%ftqeaﬁ?iﬂﬁe[%‘?‘Eﬁ‘?eﬁgﬁzaw% ﬁé’iﬁa\rlﬁt’ggc%%br%f’ﬁg% i nsi de the
shi el d or saf etaperapdtdal.nfesh theshaminees 4i3ethe fildetravhia ifreugh40@ambart ai ns t he

chr omat ogr aphi c ri O,Furthernpre, .the.shie r .saf .cont ai nnent
chanber 464 pr o‘i“gg‘{cg‘aq”%fd?s\ﬁi]tﬁlﬂlﬁlo %p“fap%%mc%%f“é@th?nn@@%le&? 81}a§t4lﬁ%1élachamers
402. As t he Xhahbetlei4dRiyid88, mbematledpid cpr lessiitcied GdmfthafCD 408. t ypi cal | y
delivered to each chanb ia_an i nput ube.. e_input cavity
406, the injection ori fﬁ%%%o%‘df%oésmﬁ?suﬁlglSP{P%%gftﬂ? ﬁ%?ﬁlégtgaetrt%%r &s 444, the
plurality of ouhpmatogpshytbad fos vatibts Brafickhepobear Thd €YD 460 mayjimbtde an el enent s
15 414.- The pres e of the fduid e nitor i sure gauge.
The injection Pé"l% Jéélrﬁsencf) %lp‘sz‘i ?ﬂe#%easoga% %rg ‘f)or g]!éehgi ?%’8M§| %?8&%0?%%[ mate to the
i nterior - surf atemabghihical fabaiomadr peessics.y 418 of the chanber 402 preferably
| ocated th furthest di,st r t ' ' [ L tlhe shaft 404.
After the f c'ui d has bee#ir%%gg%eg&?gotehgsfq@gb% #’g&g@flﬁdg)r% }?Hglfuyzdg out er nost
portion of the chambersdf? locasd adjacetl @ic afiotitchen aciimglesbet 482 i nwardly toward the
plurality of chanber ou €oh ALEHLOr cavity
418 of the chanber 4_02%% Jng@@ﬁe{&?@%ﬁ@?ﬁrﬁ lﬁl%g??qgﬁdg%g\?g 422.?V\hen t he
desi.gn of the ishasidein digmeters veile maimtnitem their orighayler deroidelt sheps; tth above, the
flutd 10 ected dobikeNCmaCATREN 46 IAGLAARRS & YALOK 'MedSpk! MOVES from

t he outernost portion of e 25 internal cavity 418 of the chanber 402
i nwar dl y t oMar ¢hromatographisial faiitiar or arepesses f

Thus, the present invention comprises methods of separation of

target molecules comprising compositions comprising chromatography beads,
particles, resins or gels that are used in apparatus described herein, Many
embodiments are disclosed he:;éin, and combinations of methods, compositions
20  and apparatus are contemplated by the present invention. '
Ag used herein and in the appended claims, the singular forms “a,”
“an,” and “the” include plural reference unless the context clearly indicates otherwise.
_ Thus, for example, reference to a “compound” is a reference to one or more such
compounds and includes equivalents thereof known to those skilled in the art, and so
25  forth.
Unless defined otherwise, all technical and scientific ferms used herein
have the same meaning as commonly undersicod o one of ordinary skill in the art to

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




the shaft 404. The velocity of the fluid is reduced because the
cross-sectional area of the chanber 402 increases in size myRdohgom t he
outernost portion of the internal cavity 418 of the chanber 402 toward the
| ongi tudi nal axis of the shaft 404. Injecting the pressurized fluid at the
out er nostWOBYHBPBA of the internal cavity 8 May 2006 WFETHRIF12
PCT/ US02/ 36497 45 418 of the chanber 402 positions the fluid so that it
nmust diffuse through the biomaterial before it |eaves the chanber 402 via
the plurality of chanber output apertg§es 452. From these apertures 452,
the fluid travel s through a chanber output channel 454 to the out put
aperture 412 and then through the shaft 404 via 5 the outlet cavity 408,
where the fluid can be collected fromthe CCD 400. The CCD 400 positions
and suspends t hg egaivdldn€ toetBosk lA@kritfed hbfein cat be auwd troihe pabiyee bethstingrof vigr i ous
beneficial purposes. The 400 .includ arti.cl es.conposed of one
or nore conponéﬂF?h@hgﬁﬁﬁ o] gg%ﬂ?ﬁ8MHﬁﬁ?%ﬁ§g88Wgﬁﬁ%§%I functions or
processes. 10 As nenti ongihublaties abdipatdaEineh@thedrbgrein ae ingpomted hewerml i ty of
chanbers 402 | qcated adj acent one .angt.her .an a.si pal However ,
t he chamber 403’y6f’f%’5?‘ﬁ?§%?etp§/’rp8?e o?ﬁ ﬁ%béj?%anﬂ%fdﬁ%nf’ Eog e’g}"“lmfﬁ’g?aﬁel%goe éﬁ\s di aneter,
whi | e nai nt & niang nhditetlelogiesitian grel describal i tta puldicdions, whish mightdigiusédz@ and
mai ntai n other biomaterials or | al. d . QA phi cal
functions or pr°8 SECESTRUES %e?tﬁggsgﬁéegel%tehﬁoﬁvg{rll‘%)#ugﬁéaggﬁrérrpaisl ses'odrg?gvt%hods of
separation of datlgeighawbihe ul axsproddgdrsblelydor thanvinolofuré pries tctbafinggiaieg
chr omat ogr aphy A L . I AS: t : ilzQ appar at us
descri bed heref%%%%éﬁ?ﬁﬁghaggfﬁ%% §f%%%§ﬁ?£%%%%%ﬂ&ﬂ%Fggﬁﬁﬁgﬁgﬁgg%binations
of net hods, cornpesiotsiamst enfliledsnantedpp such thgdosaredy vione efppbHpEdtity t he present
|nvention. Ap used hereil At udbidddf nAOBRIRRCA A mirldlo sipaguliar T or ms
"a," "an," and "the" i nci ude plural reference unless the context clearly
i ndi cates ot hermitlsdologyT potocols, pertielrs epistructs, epd reagrate dessribed hemipadnd” is a
reference to Oty RS KGR to%Q[ﬁi}Qfégbgéﬂ'QMe leRGhIES hs@uicial epls t her eof

[

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

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




have the sane neani ng as commonly understood to one of ordinary skill in
the art to which this invention belongs. Al though any net hoglstayd®usces,
and materials simlar 8 May 2006 WO 03/039702 PCT/ US02/ 36497 46 or
equi val ent to those described herein can be used in the practice or testing
of the iWMO&HPPWA, the preferred methods, devices and BeHEP3MY are now
described. Al publications and patents nentioned herein are incorporated
herein by reference for the purpose of describing and disclosing, for
exanpl e, the constructs 5 and net hodgfogies that are described in the
publications, which mght be used in connection with the presently
descri bed invention. The publications di scussed above and throughout the
text are provided solely for their disclosure prior to the filing date of
the present appbictiaisirenitediobddicogragmeind appsaring théarksnn ¢ pllfel #desan adni ssi on
that the inveptors.ar ti 1 edbntH Lsuer e by virtue
of prior inven $%ﬁ?7f8$ﬁ?gﬁgﬁﬁﬁh%égﬁ%%g?%?%%%§%ﬁgﬁﬂﬁﬂ?ghﬁﬁtention i's not
limted to theshpeidisirainus ofehoaotielyss beplssrdbe flevingliguid ftiag theconst ruct s,
and reagents dgsct] [ £k such may vary. It is also to be
ghaﬁlh%r f%rsir%n&{ it R B3

under st ood t ha nol ogy ‘used herein_ is for thg@w%gﬁy se of
describing farticul ar entsoitr ientssssdhy P?m%’éFIWs‘{fﬁ]?ﬁ bgdy, 5 1imt the
scope of the PLERG! utiiﬁb\i%wepﬂlev‘ﬁk*@niéﬂihﬂn 98 bixHed a6l sonlspvbyvihe appended
clainms. 15 Exanple I. Formation o

| a Chromat ogr aphy Be n al ytical -scal e
CCD unit equi pglwrolvrﬂﬁlMmaépceim‘aﬁer@bﬁ%??%‘g?gwgpa@?‘g‘ﬁ @fgﬁ%bi li zation
chanmber (total ,46l WiPexpanith féi‘-a)nvﬁﬁ&cﬂt%ﬂﬁﬁ otV fnh, &nivhst@fing3Matpbeddi anmet er
gl ass beads (Cat. No. 8P0029, i tehouse 20 Scignt@fb&, UK. The CCD unit
was turned on Bvidizatiommrs et dasprdeaher sithey Rerthenssglor a9 Pt %1% cerol - 0. 01

M sodi um D'ﬂgspwﬁﬂ_ bt b KulBrcohiafing\¥86 Trybdl Slhetik £ Grepdiod aphfisvagial  appear ance

of the immobilization chanber and its contents coul contisnuously
observed by neﬁﬂ%m@pcgﬁf6§8§@bp¢@ﬂﬁﬁﬁﬂﬁ&#3iWSW#MKF(gﬁgﬁﬁFg?gga%elOM/5

m Jmin, the gl ggss Reads menoetmebikkamsiaaber wabopaedde dhberbgess vhe

| ong-radius termnal portian of the. chanber. the fl was

i ncreased to 7thsibiedye kerbasjipigrtrdsatmad lé%ﬂélﬁéﬁ‘ “ ﬁ“%gtglxﬁnéotq%dgbevol ume of 3
ni L and becameghiveit Ble gabredd Sibb dpxadtit pat vay regBtrepifi secvidroreeSes in |iquid

flow rate from7-12 mM/mnpn r.esul t.ed.i irntual ly i medi ate stepw se
expansi ons léf fz]ﬁgneling or other fﬂw uregulanges in the }ﬁmdme%ﬁ)ed.y P

The ability to expand and coniract the glass bead array through

multiple cycles by means of flow rate changes at constant RPM and the regularity
of the dye penetration of the bed were taken as strong evidence that a classical
fluidized bed had been formed.
20
Example 2.. Ion Exchange Chromatography
The ability of a bed of 30 pm glass beads immobilized in an
analytical-scale CCD unit to exhibit jon-exchange chromatographic properties
was assessed in the following manmer. The CCD was operated at RPM =350 and
25 a7 mL/min flow of 50%-50% (v/v) glycerol - 0.01 M sodium phosphate buffer
(ph=7.0) was initiated after 2 mL of glass beads had been placed in the chamber.
After bed formation had been demonstrated (flow rate increased to 10 mI/min;
saw subsequent bed volume rise; decreased flow rate to 7 mL/min; saw bed

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




bed volune and an increase in bed brightness. Simlarly, stepwise flowrate
8 May 2006 WO 03/039702 PCT/ US02/ 36497 47 reductions resul t eglMay Joes
contraction and appearing to darken. At all flowrates between 7 and 12
m.lmn, there was a clearly observabl e division between the short-radius
term nus VW@ 0¥938794r r ay of gl ass beads and the flow ng | PEUVW2Est i ng t he
chanber at its short-radius output port. 5 In order to assess the
honogeneity of the bed fornmed by the nethod outlined above, the liquid
medi um was changed to 50% 50% (v/v) glgcerol - 0.01 Msodium acetate
buffer (ph= 5.0) and a 2 nL packed bed of glass beads was expanded to an
apparent volune of 4 nL, denonstrating that bed fluidization was not
dependent on either buffer chemcal or liquid pH Next, a 10 100 m
quantity of buf £8t Mendivai pliosphate Yaffar ypher?. O ae pvmed prte fha iedotdlbetisd owed i nto

the CCD at 7 ni éﬁMer '%sttﬁg scgutﬁ)gggsged%!)% 'the, 1&\%09’1? Eatlg amgerntixhglﬁbl ue- col or ed

liquid mediuminto the i mo was ObSErve € progress of
t he bl ue dye f remerlegsbepds topkpradely blanedlorr aﬁerabdm}li g HqtidEovepanded bed

coul d be obser Hﬁ@CDT\bﬁ rﬁﬂ&&fﬁﬁﬁ da/f Sd")]gv\{v‘g ﬁcérglorﬁﬂmssoaﬁﬁnﬁhosﬁﬂ%l ar with no

evi dence of _15 channeling or ot regul arities | e fluidized
bed. The abi?i t{uffeplbz 5{9?\‘61"@‘16*]1@@%@3&@@1 tThegledsheadl abreawasarastmy clelir ough

nul tiple cycl esoﬂiﬁb&ﬁ@@?e Rf af Jid&lﬂoﬁa@tl§m9rhaW9iTeSth@E ﬁ@ﬁ%?ﬂ%angp% ghd the
regularity of the dye penetration of ? aken as strong evidence

that a cl assi cait® CEPUmEi%ag gow elgpr H‘éfﬂwlfé]éﬁ: &@ﬂh’é’éﬂdl@@ ofglastyybads Yere | on
Exchange Chr orraétmmgmamm%mbﬁddtdye Rbledldl &8 g1ty 130 a1 ?lﬂﬁ'ﬁﬁw Peads

i mobilized in an tg cal -scale CCD unit to exhib I on- exchange
chr omat ogr aphi cpr’p?FB’ﬁE 0. Wishs Nerd dhesima liqwid floveintadhe GGP migs yeplaesdr . The CCD

was oper at et atwﬂPM%S@}éQv/@rgyo’e’rél ao? w%mlﬂl §doaw wﬁeﬁ@ﬂé §6§%ASVAIM) gl nyr ol -

0. 01 M sodi um phﬁ)‘gg_hhat egﬁgﬁf er vvas initi fter
gl ass beads had® cngr “Flﬁo}{ﬂl‘@“‘l?h%bﬁlﬁ the plue afpinpacthy E)‘Fﬁsfﬂ’ﬁ%n had been
dermonstrat ed (fdegan to &de. iAfer. EBSﬁdhaHQlo&sz ﬂs}ohgﬂ ihe cha3fb¥, HdbaRGMEAL bed vol une
ri se; decreased.flow rate tp gﬂq aw
glass beads were again clear and co orless to the naked eye. These resulis suggest
that the cationic blue dye binds with some affinity to the anionic plass surface at
15 neutral (and likely also at basic) pHs. As the pH of the flowing liquid is lowered,
these data show. that the increased hydrogen ion concentration in the flowing
liquid results in release of the bound dye into the liquid flow. |
Those skilled.in the art will now see that certain modifications can
be made to the invention herein disclosed with respect to the illustrated
20  embodiments, without departing from the spirit of the instant invention. And
while the invention has been described above with respect to the preferred
embodiments, it will be understood that the invention is adapted to numerous
reammangements, modifications, and alterations, all such arrangements,
modifications, and alterations are intended to be within the scope of the appended

25 clmms




volune lower) a 100 m, quantity of 1% trypan blue in 50% 50% (v/v)
glycerol 8 May 2006 V\D 03/ 039702 PCT/ US02/ 36497 48 0.01 M sg)malyrmp@osphate
buffer (ph= 7.0) was punped into the inmobilization chanber. this

sol ution passed through the i mobilization chanber, the clear, colorless
beads took on a dark blue color. After about 15 m'n, the liquid flowinto
the CCD was replaced with 50% 50% (v4y) glycerol - 0.01 M sodi um phosphate
5 buffer (ph= 7.0) without the dye material. The glass bead array was
washed clear of unbound dye for an additional 15 mn. Wile the liquid
flowinto and out of the CCD unit Wea¥™fow cl ear and col orless, the
fluidized bed of glass beads were still darkly stained with bound dye

mol ecul es,y_sl Ig%%dk&%gia%meﬁmukmpﬁﬁﬁ§ prior to the 15 mn. wash.
Next, the. |nput liquid flowinto the CCD was replaced 10 with 50%50%(v/v)
glycerol - 0. 12NP6riinmthseter@hy arrgss Ppﬁﬁk@wc%befm%ce@&ﬁuﬁﬁllﬁﬁ ent er ed

t he i Mobigejdagetetiy &namidas fiod BLa Ry ma@i z@lc&a@ra fohte wmcn%g Reals cenbE@an to

fade. Aft ad_flowed t he cha I rmobi | j zed gl ass
boads wer S ERHAE) @W%&ﬂ\e@fl@}ﬂf 68 Yot tﬁﬂgéﬁ%w*ﬁﬁéwwga #ll
suggest  ffiads abdvg onahé pamaesbhueexdylse ﬁtdadmbmﬁtiallﬁ mixeotaliz i lbayudle@ byhie ani oni c

I f t dlik I H of
The 11 owi AGVTFELITH v Bharea e o Bepatise ), O A cRerekiboge™ ©
hydr ogen waerciacradepdriidd ioimdépandehdy Suspeuded vaﬂlmmmedneeéied $l$p¢rn simslueae of the
bound dye ddﬁ%; t&&gldﬂﬁpg&:&%ﬁv\élluy}&s&ﬁéﬁh eép%%é{héu% flel otk Fmﬂﬁé"’mﬁee that

certain no Ications ¢ e I'nvention erelnd osed with
respect t &etdrréntr mdubenef 8¢ bed map hbhergibnehanged bitichanaing thedpras PANECIEr OB #ILt he
spirit of osi Nstant invention. And while the invention has been described
above vvitﬁ res ect to the preferred enbodinents, it will be understood
that the i nver pisingiadicisepapneans ligaidsomprisngdhe pggmolisgenent s, nodifi cati ons,
and al terati 0Q?sep%hﬁng%ﬁ%m?&gﬁ&ﬂ&q@f&t@me d’c@&!s%ftﬁ@&ﬂr&ﬂa’iogr@ﬂﬁ? b@d E&‘f ations are

intended to be " with he scope o] Rtende I ai ns. 2006 49
[54

CLAI MB d) retaining the separated portion of the heterogeneous hql.lld comprmng the fEl
| molecule,
2. Themethod of claim 1, wherein the chromatography particles are adsorbent particles.
3. The method of claim 2, wherein the actions of the chromatography bed separate the

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

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

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




1. Anethod for isolating a target nolecule, conprising, a) suspending
chromat ography particles in at |east one chanber in a centriguwgal2oberce
field wherein a continuous flow of a liquid acts to create a force which
opposes -the centrifugal force field and wherein a gravitational force
contributes to the resultant vector §ﬁnnation of all forces acting on the
particles, wherein the forces substantially imovbilize the particles by the
sumat i on of the vector forces acting on the particles, and farm ng a

chr omat ogr aiphy ezbﬁ& cheinfsiieichor@biuQ diotlt Bb@, buSelid) WORERARR Hadterfl HRAA Ged

w t hout the ne struc reln relatjion tqo ever oth article
o o1 ow 1 ¢ b e i Reeat R vidirr GuS it OBl of PRl 1 he

density andssah apmo@xﬁatds o baediasaast msﬁasanhx;a] chahge delbyydahadaulkﬂa@oﬁdﬁﬁest orce

par amet er es; d a. het neou npr si ng

t he target gér?rl[)“f %tﬁagg{a&%' q@e%é‘?’g‘ﬁoﬁlgq g“‘%’é’f‘@?’ﬁ“g@%%%‘ﬂ%"ic&h\ﬂ ‘%S'? ctions
of the chr estetubyr arly millschniresh dsu} extattalplnnngssummaeyanlatowd spmc-,tmaxmahf t he
het er ogene claim
1 whor ol oy pel tuth RTRLS REARIN, bl Ae RTER fom {060 RaRk T 2

rret hod of biddfiessagior.wherein the actions of the chr omat ogr aphy bed separ ate
the heterogeneous liquid by adsorbing the target nolecules to the
adsorbent particles. 4. The method of claim2, wherein the actions of the

chr omat ogr phy‘“ﬁ&ﬂh@éﬂé‘ﬁg‘f@“tgﬁ OW@E@P*HQ@%’HE}%@I iquid by allowi ng materials

that are not tmecdnang@tchmiaegwpﬁy PALNASH af MaQUER chddber GNE CERLMALH 3RRY bed.
5. The met&gqc:] of claim2, furth rising, eluting the adsorbed target

or €O
mol ecul e fPoHERRembATlYIBE AR IRSL#R PUEE and  col lecting the el uted target

nol ecul e. 6. Thenmeitioga I:ijn‘termdeaéom Bquidnio elieachiim liSe(k‘)lﬂardmgﬁ efemgame@mima brfpbind I
conpri ses ur e tissue extract m ca
reggtl on m udng?m i(ﬁcb taﬁcquf) %’fsﬁ X’%ﬁ%&ﬁ WS PO sﬁﬁﬁ’f"éﬁt’éﬁ 3"53@ E.
cull i ncI Ul coamd vdein s M@f@cmmumomokacwem Wﬁmﬁbfal] ﬁmesct

i mal, t,
on ! ) e BT T i By

ani mal , ant ce
- whol e hybrﬁu@mlﬁ af| rihﬁemla{ foéﬂqﬁ BETIOE lon ﬂwmmm wi@tdn cauh partide mMudftpemhnﬂml

cell cult %ﬁeﬁfe@%o 'eiﬁeed%} ﬂﬁmr{ WS if FEdiaE foSev o@m Prgérka? peanBgtdact s,

unknown source materi al reaction m xt u e urr| es, and
cul ture s&ﬁ@%&?’@h&‘m‘ﬁé‘mf‘a’f@éﬁ?ﬁ he pytcle padi e dagity woshmmféh%baﬂrmay be

easily changed by changing the force parameter on the particles;

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

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

8. The method of claim 7, further comprising,

a) providing a second chamber; and

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

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




7. A method for perform ng chromatography, conprising, a) containing
chromat ography particles in at |east one chanber in a centrignggl20b@rce
field, the chanber having an inlet and an outlet; b) introducing a

het er ogeneous liquid to the chanber through the inlet in aliquid stream
wherein a continuous flow of a liquid acts to create a force which opposes
the centrifugal force field and wheggin a gravitational force contributes
to the resultant vector summation of all forces acting on the particles,
wher ei n t amhaimeshs whsdrdntdsatiing oh thephititlesze the particles by the summation

of the vector §0r i.Ng, on.t rticle ereiLn each particle is

i ndependent |y d)scﬁ e%é’?%é%”ﬁ%%gﬁ%qﬁﬁ%%ﬁl&sac OP‘Z?’“@}&%'&B‘F ?“-‘E?‘PQE{)W e inrelation
to every ot here¢jpasohiing e twgal holcflorfronef dfithei drt liexiposalleaed ccralfibmsdef aces of
the partic ].nep Sgnsi ty and shape of the bed may be easily changed by
changi ng ?’h’g’m?fggrgelpar g:ﬁ%e't er on the particles; c) collecting the liquid
passi ng through the chanber and the particles, d) isolating a target

mol ecul e for oM Blletplt@lod bAQailn X irflercBhhRLed or fromthe chromatographic
‘particles. S. The nethod of claim 7, turther conprising, a) providing a
second chanmber® PENWIDG ) secopd ehampegiehr omat ogr aphy particles in the second

charmber. in a WeshdifddmdaRy pir®ld in thé R8oARRMNRE ihAMRBATodkh&!, and an
collected liquid to the chanber "t hrough t he

outlet; c) iptroducjng the

inlet in Q‘elcp e&‘a%wgﬁﬁp"%r" e a continuous flow of a liquid acts to
create a for ce)Whioditigpme SesrdehiroReifuldl b UubathamberCrouh @ledinRneh WKgHEI N a
gravitational force contri b@tesf Lo the resul t gnt VE.C or sumzatio ?f al |
forces adtTPRg“BR™ hEPPBROPT B9Vl 2 Wi Ags 10 FHRIS aptrre Whick ppRopsy i°5i}‘*'|"§8*’

i mobi | i z&rtetfzldend wherein algyavitirend vy cid6b6ieSh sunesaitbitoaciaf sumhedoned tlbr f or ces

i ! - P the. Ligui ; e
Second oninasRRE bh eBuciy, SLPRE didks Ml B sRBTSL B bR gl O,
ei t her t hammagon of tesoletienioeds asting gnche pakisles;chr omat ogr aphi ¢ particles. 9. The

met hod of cl aiamoﬁmﬁg%fﬁ%ﬂg&g@gﬁdg e s@znaawﬂeﬂggghgwg@oegﬁd chanber; and

b) containing chronatogr I'n the secc rin a
centrifugal f&}deelqting| e, tareeh endévaleb &pmh siflien ghanliquid eollemed an fam (e )

i nt roduci Agod ik giRE&neous liquid to the chanber through the inlet in a
liquid

10, The method of claim 7, further comprising,

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

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

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

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

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




stream wherein a continuous flow of a liquid acts to create a force which
opposes the centrifugal force field and wherein a gravitatigRgly dopsce
contributes to the resultant vector sunmation of all forces actfing on the
. particles, wherein the forces substantially inmobilize the particles by the
summation of the vector forces acting on the particles; d) collecting the

| i qui d passing through the second chapber and the particles, e) isolating a
target nolecule fromeither the liquid collected or fromthe

chromat ogr gphi Thp@ieihb® beslaiml . wilhn e tchofaefraglydlaficibs chifrisB e ARMRL Si NY,

a) introducing.the .collected liquid.to the chanber through the inlet in a
liquid st r‘@ﬂﬁ?ﬂl’ ao’)emﬁ’oqnlaé?ff‘?erf&“’(cﬁeaF#‘WW“S‘&@%?“H@*‘EWW“%@ gdet 85 chanber
and the paplasicd, aass, anehaeylaee pamhicnparidie, babiio Ganicg g g@ideChémpalast eps
until a pr‘%%%ieerﬂﬁidpeg bannatrjr{née% feilred . §r duc i% col | eched.. 11.. The

ot hod of TR OBt BP el Brraiils Pegioli ot sthMESEBle PHPRETS n at

| east one packiriser ctchsiah patddlesar affiaity ¢thnenattersphyt paniriesshape of t he

chromat ographic nmaterial. 12. The nethod of claim 7. wherein containing a
chromat ographic material in at |east one chanber conprises containing the.
chr omat ogri¥phi & maghod foradolating aaprpleins egniptisingf chanbers. 8 May 2006 52 13. The
met hod of ¢l ai g uncARY Glrflnddiforkh LAFBEOR" AR RPLLAHLS) £ URIASE rl!

- adsorbent pmaterial; a resin; an _ggarose particle; a silica pafticle, an

i on excharfifld Berain ¢ pamingpug, How opa Heldjacts 1|craie jaderce yhish opposestikrrepiifugele;

ani oni ¢ pakiké 1@ 8nd WikiPNjnGyiRA6al fok@SonPRUA ko RAFdsifhescoP AROLSS of al
particles, hydrophobic particles, hydrophilic particles, |igand exchange
particl es,f‘”f’%ri’-c‘b“&qni‘ﬁ@pa%%{?st whfreig thesforces %&W@ﬁbﬁ“ﬁ‘ﬂi’ﬂ#é@%@"@ks & theni ty

chr omat ogrsapipiopaitthecl@ir fddes AiNPbN0d fhlicled, 208 i@ A cROMEEIARhy GRAPI 1 Si Ng,

a) suspending. chr.omat.qgr.a rticles i | east e chanber in a

centrif ugéﬁhmgglr%?gh g%“gei?ds %Héﬁg‘%ﬁa)é S?BWP?#WH tfl}eoweg;}“rasuﬂ’?‘ﬁhflﬂméi@t Lto
create a fadaroe niegiotlep podds 1t dllewdend{fididnu galbosurd wralleufficet of anphridiesrdi n a
gravitatignal  f.or nt i pu t resul tant. vector summation_,of all
forces acﬁ}n&gﬂn% #ﬁéﬁ%ﬁrotfi% éeg,sm\%ﬁgff ggarrl’g"‘t%ﬁbé' %P%%%%gutgﬁé’ﬁﬁmg’gﬁ 98 Minobi | i ze
the parti gbiglehy the summation of the vector forces acting on the
particles, an - 17 . Wherein each particle is

i ndependent | y%géﬁ%nﬂgﬁ%\%&?houti@%éﬁﬁ%%nét%%%te‘%upport structure in relation
to every ot herc) senatating enet ¢r mbte gwtiony obthé heempine@ digsidr by tho safdns sfitleaces of

the parti g‘h&n%’% b&. dansity and shape of the bed may be changed by
changi ng the %@g}-pgdfgﬁeter on the particles;

d) retaining a separated portion comprising the protein.

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

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

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

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




b) addi ng a heterogeneous liquid conprising a protein, c) separating one or
nore portions of the heterogeneous liquid by the actions of gRey2006
chromat ography bed; and d) retaining a separated portion conprisSing the
protein. 15. The nethod of C aim 14, wherein the actions of the

chromat ogr aphy bed separate the protein fromthe heterogeneous |liquid. 16.
The met hod of C aim 14, wherein the gRhromatography particles are adsorbent
particles. 17. The nmethod of Claim 16, wherein the actions of the

chr omat ogr apdwatdgeghysepar ate the heterogeneous |iquid by adsorbing the
protein to the adsorbent particles. |IS. The nethod of Claim 16, wherein the
actions of the chromatography bed separate the heterogeneous |iquid by

al | owi ng n¥X er led methddalf Chine 1 fidtrtehemprigigi n t o pass through the 8 May 2006
53 chr omat ogr a . ‘ th f Qikm. 16, further.conprising,
eluting the re?g%( uﬁ?%q%%% ‘t?dl %%%5%%%2%% Rr?%lg%‘rngt%ﬁaﬁsﬁe E’?af‘hciesa gor bent
particles; andecoligging theteluted ptohein.el ut ed protein. 20. The nethod of C aim 16,
wherein the chromatography particles are i mmunoadsorbent particles. 21.
The met hod of O aim 14, wherein the chromatography particles conprise, an
‘adsor bent 20mat B methedz0fr(daipn16, arkersivatho ssoperearipby eartigles prei immupesdsortehte,  an
ion exchar]jggjcuggrti cle, a gel; a bead, plastics, glass, nethacryl ate;
anionic particles, cationic particles, polar particles, nonpolar

particles, hydrophobic particles, hydrophilic particles, |igand exchange
particles21i onfieaiditiod @f CR#&h (14 ChieSein fhic é&oﬁé&ﬁ,{rréﬁ{& PRropRE bdrfirRS Afaddftkiini ty
chromat ogr a th_ Farliclps. 22. ,‘{h_e §Eset hod of aim 14, wherein the

het erogenf%‘%g | T FOPOP LIPS Bately asllica Pariplelan ipn exclinee eafriact eclchddcal
reaction mlaxicsir glass,s meibkeriiatet bniotia phreiclen | catimio ganaise pola ghgicics| ndnysat e, E.

coli .inclusion.bod . IS secre frombacteria, .yeast, Lnsect,

ani mal, of %P%m“ p ‘éh?%c Pg{‘@@#g"syafé’l’ ﬁﬁ%ﬁ%ﬁgﬁgathg?do‘?x%ﬁﬁ? BFFEICS, JURATNE e ct
ani mal , oparpélesnsizecetihdion praiaks offidity kbvomaiegraghe particled. | ul ar  honpgenat es,
hybri doma fernentation |iquids, myeloma cell culture, animal cell culture
liquids, mlk, animl tissue extracts, plant tissue extracts, unknown
sour ce nmaBdri dhe metipdiolCibimulde whaeip the halempdanedus biguid coumisesriberssidck uisdlie zed bed
bi oreact o ; e r 4 ri.stng, a)
cont ai ni néx“@ﬁf?zhﬁéf?;";%af o PPl 8 MR b5 TBROGRAR erc L

cent ri f ughiusion bodies, products secreted from bacteria, yeast, insect, animal, or plam cells, or Hssue

homogenates of bacteria, yeast, insect, animal, or plant cells, yeast cell homogenares, cellular

homogenartes, hybridoma fermentation liquids, myeloma cell calture, animal cell culture liquids,
milk, animal ussue exiracts, planmt vissue extracts, unknown source materials, and culiure
supernatant from a continuous fluidized bed bioreacior.

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




force field, the chanmber having an inlet and an outlet; b) introducing a
het erogeneous liquid to the chanber through the inlet in a |g®§uydoost ream
wherein a continuous flow of a liquid acts to create a force which opposes
the centrifugal force field and wherein a gravitational force contributes
to the resultant vector summation of all forces acting on the particles,
wherein the forces substantially immhilize the particles by the sunmmation
of The vector forces acting on the particles, wherein each particle is

i ndependensgispengedViitho@0BEnsd faussypendrttud nhreladonttb evare sflerf @iticRUP P for

structure pfcibgledids@P 1 rLh Gl.es.t | L ow fq fficient
exposure toﬁgllﬁeg%dﬁ a'éegl g%f&%%e&?%ﬁ%ﬁe&g%& c}e g‘y%%%@? °§H‘8%§%5‘6% f the
bed may bethapgsd Ry ehingins b Smsinageteonfior jesiclssir amet er on the particles; c)
col I ecting the | qudoRedihiguliR4eR ak-hen HRAARG fhe particles, and d)
i solating a protei n)f,rom elt heq_ﬁl tpﬁ%?i qul glﬁgo egf%@qlgr&&rc%?ha%e

chr omat ogr aphi ¢ par®ielassg a pawirfrom siberibsdiopid collestemop Gom fherchtomatogreplie i si ng,
a) providiggickssecond chanber; and b) containing chromatography particles
in the second chanber in a centrifugal force field, the chanber having an
inlet and an outlet; c¢) introducing the collected liquid to the chanber

t hrough t h&. i nlfed méthodanf Il 28, finger @@itisiNd)er ei n a conti nuous flow of a
liquid acts to cre force ich opposes the centrifugal force field
and wherein a gr avi%grf’l%glﬁgfigﬁcg'\?lgg%mﬂh%eﬁtag‘i?but es to the resultant vector
summation of all fprousniag thmgaomahhammieled inclhe secoud elisiber Inhecdhpitiges

subst anti Yid il] H,ﬂ I the summation of the vector
forces ac?#%gﬁ%%wgﬁg%%r? i c%g’g?[ﬁeiiﬂﬂcagfbf@%’ti ng the liquid passing through

t he second chanber chingodusme phg edlledtesisliquis) withothambergthmugh Gednle ikraoliuiE t her
the |iqui dy6el We&LIEH ctlinfid Qb REs BRELIRLS | o  helupred met hod
of Claim23, furt h!er cC(_)lglrpri giib%’g?aﬁ prgv%ﬁ?ﬁgﬁgcegﬁg&%ﬁg&g%a%‘gﬁ?ﬁgﬁd b)
cont ai ni ndoEhRhEKadeERTS apdistions] Brre coptutives o Piultthtiveowr sunmagiot efdlr i f ugal

force fi elfsleestahithgCAAADBLiIAY WG Ml 188t i Lk ' ing the
het er ogeneouﬂsS Jigggt'hd tgimhe cﬁ,anlber t}ﬁnoﬁgﬁ&tﬁ%@ %E%?&Fr?@ap&q}?%(&?g’&stream
wher ei n a "FERIHOR QOIS VaeTon ifress acting prythe BUl4ss to create a force which opposes
the centrifugal faysRecih@ihe i@Rdpashigs BioRgAhdefdlcRIMIRPAI thOfARILONT i but es

to the resultant vector. . . ]
€ zso?auug a protein from either the liquid collected or from the chromatographic

particles,

25, The method of Claim 23, further comprising,

a) providing a second chamber; and

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

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

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

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




summation of all forces acting on the particles, wherein the forces
substantially immobilize the particles by the summation of gReywepkor
forces acting on the particles; d) collecting the liquid paSS|ng t hr ough
t he second chanber and the particles, e) isolating a protein fromeither -
the liquid collected or fromthe chromatographic 8 May 2006 55 particles.
26- The nethod of Caim 23, further ggnprising, a) introducing the
collected liquid to the chanber through the inlet in a liquid stream b)
col | ecti ngpdripges! i qui d passing through the second chanmber and the particles;
and c¢) repeatlng the introducing and collecting steps until a
predeter m ned anount of desired product is collected. 27. The nethod of

d aim 23, I&wthmfnmmapﬁkmmmgsfmhaﬂgmq@gag | east one force in at | east one

chanber to affect ejt. t.he. density.or. shape, of the chromat ographi.c
material . 28. The nBth 5““6‘?“&?8&??\" ixsh‘l%é‘f g\er‘fh@lh‘?f ﬂ’i"i‘l\'ig Q]beamlﬁ"h%b?rﬁﬂ‘&‘br aphi ¢

materi al isweae, | east one chanber conprises containing the chronatographic

material in a plurgli, T m 2 ereln
t he chromat ogr aphy é &{ef:@{get%hgqoqﬁg?sﬁ' Iéléa‘%duﬁh %g@?g@ﬁw%&g&%ﬁm 3{% %& n;
agar ose particle; gﬁpﬁﬂt@aﬁpmmmuganénoliegmnges@hMe ppdmmnhieé,amauzgef a

bead, pl %&:&eﬁ%mdgdt?s%%uec%t hacrylate ; anionic particles, cationic
particles, polar particles, nonpolar particles, hydrophobic particles,

hydrophilic particles, |i gand exchange parti cles, ion-pairing particles,

si ze_excl ysi onTRARKhE ELI 23 ﬁhﬁerwm hééﬁl%ﬁé boréel ifi % 1e§9m The
eneous I| conprises a purified

nmet hod of Clahl3 é% V\{(]Terelnt e heter

feed st o&RAmber Oaffect sipher tig fensiy o5 shappp Wluﬁmaﬁﬁﬁogenat e, bacteri al

| ysate, E. coli inclusion bodies, pr oduct s secreted from bacteria, yeast,

i nsect, aninal |.ant. cel or tissue h enates of , hacteria, yeast,

i nsect, a%:s mal Thccﬂ’ ﬂ&d@ﬁﬁa@gglﬁ e €0 ﬁ‘f“ﬂ'@rae%’%fg?&g@ﬂ&ﬁwp aldpy leagipieyr e
liquid, whdmbercopprisekortainisgrbe éxdmacdephicpatenbl it b platly@fbizamks. unknown
source materials, chem cal reaction mxtures, and culture supernatant from

a conti nuous fIU|d|zed bed bi oreactor.
29.  The method of Claim 23, wherein the chromarography particles comprise, an adsorben

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

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






