COUNTERCURRENT TANGENTI AL CHROVATOGRAPHYMETHODS, SYSTEMS, AND APPARATUS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application is a PCT

appl i cat iwo 2andioed7ai ns priority fromU. S. Serial No. 12pP¢0A1S2019/021266 ed on
March 14, 2009 and entitled "COUNTERCURRENT TANGENTI AL CHROVATOGRAPHY
METHODS, SYSTEMS, AND APPARATUS," the entirety of which is hereby

i ncorporated by reference herein. FIELD OF THE | NVENTI ON [ 0002] The present
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chr omat ogr aphy using countercurren om1to facilitate separation of the

desired product and enhance efficiency of the entire chromatography
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chr omat ogr aphy whi ch was recently adopted by the industry. [0006] Second,
upstream t echnol ogy has inproved trenendously in the sane tine period - the
bi oreactors are larger (up_to 20,000 liters and the titers are nuch
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and other proteins, approximately 15-20% annually. This growth is due to expanding drug pipelines, as well as more
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efficient cell lines and bioreactor growth optimizations. The annual bio-production costs are currently estimated at
$2.6 billion. One of the most significant investments a drug manufacturer has to make is process chromatography
(approximately 30% or $8 50 million annually).

[0004] Chromatography is an integral part of drug production; its purpose in the biotechnology industry is to
purify the product proteins from contaminating species. The industry has started to recognize that the efficiency of
the chromatography steps which are used to purify the product proteins are no longer keeping up with production
demands. There are multiple reasons for this:

[0005] First, no significant improvements have been made to the column chromatography process in the past 30
years — most of the work in the industry has been focused on new resin development. A notable exception is
membrane chromatography which was recently adopted by the industry.

[0006] Second, upstream technology has improved tremendously in the same time period — the bioreactors are

larger (up to 20,000 liters), and the titers are much higher (up to 15 g/ compared with 1-2 g/L five years ago). As a



above reasons result in a nmuch heavier |oad for the downstream
purification. [0007] Third, colum chromatography has i nherent physi cal
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(connnn Protein A resin capacity for nonocl onal antibodies) a single cycle
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[0009] Therefore, it was recognized by the present inventor that a breakthrough in the state of the art would
include solutions to the above problems. It was recognized that the industry needs 1) larger scale of operation; 2)
faster processing time; 3) disposability; 4) reduction of media/resin expenses; and 5) a reduction of capital

equipment investment.

[0010] It is against this background that various embodiments of the present invention were developed.

BRIEF SUMMARY OF THE INVENTION
[0011] Therefore, one embodiment of the present invention is a scalable, reliable and disposable technology that
utilizes a principle of recycling to significantly increase process efficiency, increase the scale of operation, and

decrease resin costs.



i nterconnected tangential flow filters and static m xers. The
chromat ography resin flows through this nodule in a single pass, while
sim |l ar openatwioms7t o a regul ar chronmat ographi c processprarTaspaoieraed on
the resin (binding, washing, elution, regeneration, and equilibration). The
buffers for these operations are punped into the nodule in a countercurrent
direction to the flow of resin, and perneate solutions froml ater stages
are riﬁﬁg!ed back into previous stages. This creates concentratijon
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pernmeate solution fromthe elution operation is the purified product stream
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enbodi nent of the present invention is a nodule 100 for countercurrent
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(105); a second mxer m xi'ng t retentate F'rom t he st age
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(107); and a stage Il filter (108) for concentrating an output fromthe
secongoe3f evcedrdlB) ohDefodeidftor Shea@erdt linve@lof I @thRdhil @hfo ¥dubSrelrhar ARditl.e
fromthe stage Il filter via a second output port (110), wherein stage |
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out put port (109). [0014] Another enbodi ment of the present invention is
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unpurified rodu t solution. [0015] Another enbodi nent of the present
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descri bed above wherein the second m xer receives clean buffer sol ution.
stage II filter (108) for concentrating an output from the second mixer (106) to produce stage II retentate which exits
the module from the stage II filter via a second output port (110), wherein stage II permeate solution exits the
module from the stage II filter via a third output port (109).
[0014] Another embodiment of the present invention is the module described above wherein the input solution
comprises resin and unpurified product solution.
[0015] Another embodiment of the present invention is the module described above wherein the stage I permeate
solution is waste.
[0016] Another embodiment of the present invention is the module described above wherein the stage I permeate
solution is product.
[0017] Another embodiment of the present invention is the module described above wherein the second mixer
receives clean buffer solution.
[0018] Another embodiment of the present invention is the module described above wherein the second mixer

does not receive clean buffer solution.



[ 0018] Anot her enbodi ment of the present invention is the nodul e descri bed
above wherein the second m xer does not receive clean buffer

sol uti on.\WwOQaB}102A670t her enbodi nent of the present i nventcomseaobkeesrodul e
descri bed above wherein the third output port (109) is connected via a punp
(112) and a three-way valve (111) to the second input port (103). (See
Figure 1.) [0020] Anot her enbodi nent of the present invention is the nodul e

descri @@3 above wherein the three-way val ve sends an output fromthe
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tangential chromatography; a first resin tank (302) for storing clean resin
connecgtoey ($0 Faukilyst i nput port (101) of the nodul e; an input tank (304)
for storing input solution connected to the first input port (101); a punp
(112) [66M | axnbihé¢rembaiayenva@lihegreschil ihyentiditi€the OBdi@GicscrigEdab® e Godéen ihe prede T pio¢rtand 103)
with a third output port (109) of the nodul e; a second resin tank (325) for
st or i nig st hltec onnpesntedieoilassecond out put port (110) of the nodule via a
punp 3) and the three-way valve (317), and connected to the first input
port é[Q Yot ancther wobdineni plathe myeend 10OSUBY is @ prieduetd) thankouligogientf greential
capturijng product solution connected via a three-way valve (307) and _a punp
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(325) and punp (323). [0023] Another enbodi nent the present invention is
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tangenti al chromatography stage conprising a third m xer (530) and a third
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[ 0024] O her enbodi ments of the present invention include the nethods
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port (107) of the module via a pump (314), wherein the first resin tank (302) is connected via 3-way valve (317) to
second resin tank (325) and pump (323).

[0023] Another embodiment of the present invention is the system described above further comprising an
additional countercurrent tangential chromatography stage comprising a third mixer (530) and a third filter (532), for
increasing efficiency of the system. (See Figure 5.)

[0024] Other embodiments of the present invention include the methods corresponding to the systems above, the
systems constructed from the modules described above, and the methods of operation of the systems and modules
described above. Other features and advantages of the various embodiments of the present invention will be
apparent from the following more particular description of embodiments of the invention as illustrated in the

accompanying drawings.



apparent fromthe follow ng nore particul ar description of enbodi nents of
the invention as illustrated in the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAORMNBAOFQO25] Figure 1 shows a nodul e for countPeTaiseo10m0L7266
tangenti al chromatography according to one enbodi ment of the present

i nvention. [0026] Figure 2A shows direction of flow in the nodul e during

bi ndi ng node, while Figure 2B shows direction of flowin the nodule during

el ution, washing, equili Eﬁ%iﬂg’ ?pﬂ i des. [0027] Figure 3
shows a bl ock diagranlofﬁa ount cuPﬁéﬁtpﬁéﬁééﬁﬁﬁgg chr omat ogr aphy system
oper at in b h mode. according to one . enbodinment of the present.
nvent PO ySboe] SRt an e R PRl Sl RS bimen o

count %e%%gn@imen{i(ﬁngenti al chromat ogr aphy system of Figure 3. [0029] Figure
5 shows a bl ock diagram of anot her countercurrent tangential chromatography
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Figure 6 shows a bl ock di agram of another countercurrent tangenti al

chr ot gy ia i ynoSSdueng e, atkihing, dqiligaidh, iakogscrmaepdeaccor di ng to yet

anot her enbodi ment of the present invention. [0031] Figures 7A, 7B, and 7C
show 400270 Wwidaad 3 shofs @bl@k dResis o0f confitir@fitGatbén@sl ichibangemhy gt bpeaitind @ghephy
operating in batch node, according to yet another enbodi nent of the present
i nvenmiognaccqr@y @32 pneinpedieenBof dlepsenianfehtomchart of a process of countercurrent
tangenti al chromatography operating in continuous node, according to yet
anot hdP0284¥igarereshewsahothen Blogkrdiagiamor theepsrierpuignt 1n@@ 84 hr@hangraehyFysdiovidigessul t s
of a mat hematical nodel of a two-stage countercurrent tangenti al

chr omd OGS diiguye Sspeverhiosk disgraih agpnptber coratcisrrgrcppskrig] dfomplagramhy ssismtacioripgrt i on,
showing a ratio of buffer to resin flowrates (ganma) vs. percent yield for
varioﬁ‘m?f%@Pﬁﬁm%8E$??@PﬁﬁW§mmf0034] Figure 10 shows results of a

mat he j . nmodel of a three-stage countercurrent tangenti al .
chr onﬁ@d’j ?ﬂﬁ‘f{ﬁ ‘gég‘ﬁfsearﬁl%fé&%%r&ﬁ“ﬂ P ertcﬂ@tebcPF?%iaﬁe%@ o erany SEERYPFANPERAT i on,
showi . i f resif f : vs. percent yield for
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meani ngs throughout t
operating in batch mode, according to yet another embodiment of the present invention.

[0032] Figure 8 shows a flowchart of a process of countercurrent tangential chromatography operating in
continuous mode, according to yet another embodiment of the present invention.

[0033] Figure 9 shows results of a mathematical model of a two-stage countercurrent tangential chromatography
system according to the principles of the present invention, showing a ratio of buffer to resin flow-rates (gamma) vs.
percent yield for various sieving coefficients.

[0034] Figure 10 shows results of a mathematical model of a three-stage countercurrent tangential
chromatography system according to the principles of the present invention, showing a ratio of buffer to resin flow-

rates (gamma) vs. percent yield for various sieving coefficients.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Definitions: The following terms of art shall have the below ascribed meanings throughout this

Specification.

[0036] Binding mode is a stage of operation during which resin and unpurified product form a reversible complex.



Specification. [0036] Binding node is a stage of operation during which
resin and unpurified product forma reversible conplex.[0037] Washi ng node
is a stageoabioopedrat i on during which resin with bound protastois2washed
with a washing buffer to rid the resin of inpurities. [0038] Elution node
is a stage of operation during which the conplex of resin and the product
is reversed and the purified product is collected. [0039] Regener ati on node
|s a jé@ﬂ@ of operation during which the resin is cleaned for_ the purpose
Fiﬁgﬁiﬁ%ﬁé%aﬁ?ﬁPE@”mF%UWBPgFﬁﬁi?$&ﬁ%ﬁ?%ﬂﬁ?ﬁﬁﬂ§lf§w%@%Y%b%W%?mg
operatbu%gmr Q%Hy@gcgn%he systemis equilibrated in a neutral buffer.
[ 0041] R §unnary of the Inventlon section, in the present
o tud & %%ré ke A R T SRR Al
The c@&qggbggﬁgpgmmﬁg5|n fl ows through thls nmodul e in a single pass, while
simlar operations to a regular chromatographic process are perfornmed on
the rqg03y] RREAGhIRE molas MM of §ledtidnQring U8 MR F&iiOfoanNE 1R GMIpbdc BF Rk 8  The
buffers for these operations are punped into the nodule in a countercurrent
di rectidt®nycte® the flow of resin, and perneate solutions fromlater stages
are recycl ed back into previous stages. This creates concentration
gr adi ¢0040] iEquitifigiopendeesd sgs ol opdrition Suria§ whibiethd smge Riequallbraidd am deittal @iffer. i N t he
countercurrent direction to resin flow, thus saving buffer volunme and
i ncr ed804g AproedBmShessiuingiy @fiiby Invéhhien speomiatheprsohtitviins tiferchommigognghhngjumn is
washi ng, uilibration and regeneration operations are put to waste. The
per neaftpéﬁc&s&ym esilefthap senpibie oletvigtar glreopleieaéctsd tingentif dlopyuitier jaadistic G’QHERESL T§<t ream
which js collected in a segarate roduct tank. [0042] Accordingly, ure 1
shows “OBHFERLEEr Ao, YoF fo¥retoritit é’YhélEIr {t OPENGENE] & |regu s
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and the I'n utio any 1 npu m por’t none I 'ndi ng
node) vakgs it wed dp&&logsea@ %@ﬁﬂe@ i %€ odi@2in aTJ&@ntQHﬁiQMthé&lmottﬁEeﬂ@& @ftﬂe§n haer
102 enters a tangential flow filter 104, from which the perneate exits the
nodul @erakatpohitionk Gdm 1aldl etagee tue Ricaded blidk aitd pravige ftbhdedl THisl cvated dohdetfatidDdadistsfired
into static m xer 106, which nay receive pure buffer at port 107. The

out putthefpemeits scdittipes ofrihg éngeh b ﬂi)\s fifleargin the tcoingrctigmgénttioalto ki, ihus ewind B&ler f r om
whi ch perneate is punped via 112 out of the nodule at port_ 109.

Thr ee- Vwa]g}e o {pereapipg pfogesatefﬁ%%d ni)hs paﬁn}ﬁét& golptfogsy e topding WSW% teguikbragiogy ang o
port 103. The retentate fro

Tegeneration operations arc put to Was{n tI%Q rmea e solutlon from the elution operation is the purified product

stream which is collected in a separate product tank.

[0042] Accordingly, Figure 1 shows a block diagram of a module 100 for countercurrent tangential
chromatography (inside the dotted line). Input solution enters at port 101, and the input solution and any input from
port 103 (none during binding mode) are mixed inside static mixer 102. The output from the static mixer 102 enters
a tangential flow filter 104, from which the permeate exits the module at port 105. The retentate from tangential
flow filter 104 is fed into static mixer 106, which may receive pure buffer at port 107. The output from static mixer
106 is fed into a tangential flow filter 108, from which permeate is pumped via pump 112 out of the module at port
109. Three-way valve 111 is utilized to direct flow either to waste 113 or to port 103. The retentate from tangential
flow filter 108 exits the module at port 110. During washing, elution, equilibration and regeneration, three-way
valve 111 directs the flow to port 103, where it mixes with input 101 in static mixer 102. During binding, three-way

valve 111 directs the flow to waste 113.



flow filter 108 exits the nodule at port 110. During washing, elution,

equi libration and regeneration, three-way valve 111 directs the flowto
port 103,woftreroeiord77m xes with input 101 in static m xer PC@AIS200/027266

bi ndi ng, three-way valve 111 directs the flow to waste 113.[0043] Figure 2A
shows direction of flow in nodule 100 of figure 1 during binding node. Note
t he single- pass nature of the flow, and the fact that no fl ow enters at

port %gﬁ port 107, The mi xture of resin and nonﬁfurlfled product
sol ut | 431&%@%@ ZétSh‘E"Ff'éhchélf"% offjord gRIIP o fepre k drringiriing e Negojhe 51F$1%W§S

thr OU%h ! Io% tlii 1%1%1 téci act t {) f{;r)gvaé%tg%sl { I01t~t|l 1?61@ 1¥\?057t ?hearglxtgre 0% reg'u(i) ? d non purl\ﬁ%d

t hr oug M xer roug mnth perireat e exi as waste

at por I’od&@ QOIL\IHOQ' elgé}rgpth\]: 1!;% RH0%nt 3k 86T @ﬁé(ug}{ "ﬂll%? léh% ]fﬂ)ws %Mgk?ﬁl'te& $od ?Q—Q‘:utee at
t he rlght t hrough port 110. 044] Figure 2B shows direction of f

modul exififls Gddid 41@ore 133, inews tm\&a@hm;a@ 104, 6gRNRO@Mh I, 108 Rdh ekt &iak hoRasRdes.
Not e the single-pass nature of the flow, and the fact that flowis recycled
i n a cotiVerneunp eltndihrcewty wive Irlpandooits theh@@ulk at tpoieht HO&h peral Ipunp 112 and

t hree-way valve 111. Note how in this configuration, clean buffer solution
ent er 40844] geeute 2BOTowsalvettipred ol édméylyfef16¢ dwiog elticorwaslite regenaatiquornt! ed@Bratiiot e
al so the countercurrent nature of the flow, where the sol ution being

pr oced¥ed- NPEWs sPeepast B4 Qi Y. i hfagithag s rw‘ﬁlqdén t %’éV‘EfF%mlﬁlﬁ?ofl‘é’rfmm
solutlon | ows omr eft Vi 2
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countercurrent tangential c ronatograp y system 300 operating in batch node

accor dihhg teQolaiatbias perhednsmnt-Qfrichihe ipriasernt, whny &6fcic® ButfdViibe 1d0from
operates in the same way as shown and described in relation to Figure 1.

| nput rigiord-left @b pohp MAcud Gred-OQy-vaved N frecdiechioh thatpisl NosntS0BrenS Obthalk - t3ddbt fidunp
303 punps resin fromfirst resin tank 302. Punp 313 punps resin from second
resi n of antolBEBeinpgiegrs8G5 punps unpurified product solution frominput tank
304. Port_ 103 of nodul e 100 is connected via three-way valve 111 and punp
112 t dOM tFicres Bevsrpiledkeliagw, of 4 sousiseswiren] fingeptglrieonrlospgis tsesi@x F Xoperiee gy st em

f d whi ch d
Fo a DHFCEGeFo0ie ey oyt (Y ar v s0oh: Toubnibebate oo 'SrE806t t ank
309 4,
300 ang Has! & 300 ROK, 407.] PSELKES, 1 NBUL01  TRAMLE, 00 BYTR, B

ich 1s connected to eCIUI el ution

tank 3¢Qp anduhBIRANR irdih iftyd reki Mdkk 382 Pih3 14 Phi¥i8Sresdil Bom Fbdnd réddSakinds Ihp 363Ut put
fromport 110 is punped via punp 323 and three-way valve 317 to the first
r esi n ptuapkin@fiBedprcivet ssletam@mrigsi tink BWAKPo32B3 of module 100 is connected via three-way valve
111 and pump 112 to port 109 of module 100, as shown in Figure 1. Waste exits the system at 113. Output from port
105 is connected to pump 306, which is connected to a three-way valve 307. Three-way valve 307 is connected to
product tank 309 and waste 308. Port 107 receives input into module 100 via pump 314, which is connected to
equilibration tank 316, washing tank 318, elution tank 320 and regeneration tank 322 via valves 315, 317, 319 and

321. Output from port 110 is pumped via pump 323 and three-way valve 317 to the first resin tank 302 and a second
resin tank 325.

[0046] The system in Figure 3 is designed to treat the resin using a batch-mode operation. The resin is sequentially
treated by different chromatographic processes (binding, washing, elution, regeneration, and equilibration) as it
cycles from the first resin tank 302 to the second resin tank 325 and vice versa. For example, during the first stage
(binding), resin passes from tank 302 to tank 325 from left to right through module 100 via pump 303. During the

next stage (washing) resin passes from tank 325 to tank 302 from left to right through module 100 via pump 313.



[ 0046] The systemin Figure 3 is designed to treat the resin using a
bat ch- node operation. The resin is sequentially treated by different
chr omat ogwephiociopsracesses (bi ndi ng, washi ng, el ution, regenscaviosr2ss and
equilibration) as it cycles fromthe first resin tank 302 to the second
resin tank 325 and vice versa. For exanple, during the first stage
(binding), resin passes fronltank 302 to tank 325 fron1|eft to right
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punp %g,éanl;@aqu R&LinS feﬂ%sregeﬁér%h Qi eql BUERE! wsgfamaemlegwd uBGALAOMhion.
alternate tanks in a simlar nmanner. The countércurrent “operation during
washi 1y 0047?lp@ﬂeqnsho&se@gaa&rfﬁ%&agmo AP che %ameLmern%hgmla@ Lﬂnqxa@og%mty&ém &fofih & ency
and buffer conservation Figure 4 shows bl ock diragram 400 of the
count ergatn et thé atag@mmoa{re &“moemat(mgﬁ@mh Yighy atlﬁaansmmlguﬁ shbigue@x@ptioatitah t he
internal structure of nodule 100 shown. Figure 4 is identical to Figure 3
wi t h tikentexdeptoodre hat sloheadimFigernal s of nodul e 100 are shown as in Figure
1. [0048] Figure 5 shows a bl ock di agram 500 of another countercurrent

t anger @948l Fahroneibegr oty disyst &if GO0t comgicagnahoichiel cerirodiaentysiof Sthe
present invention. This enbodinent is simlar to quures.3 and 4, except

f or adﬁﬁo’[diné AnQHTeT epPodiagit ©f BhBEseTitiRiEH Y- Téltsﬁﬁlé"dﬁ’rlenbléﬁl Atlare igrent anf1 i g¢feat foon,

r..530, .filter. 532, nd three
ot or SBifB TR 1 G B RuEe el o B SE U ot e %Jf%sﬂ%
shown .5 @ygaweessﬁ RBESALES o flodh HRRAES. AABL OGS4 Ind BidodhSH BB
Figures 3 and 4 e exception t hat ow passes through a thir stage,
whi ch ob@ﬁésmla@m@rams@ 1®thé by6ikie BGYm aNGouee ¢ LRBS R 8h BUELSliotihdt k1bw Blsted roupt
i ntroduces sonme conplexity into the design. Mathematical nodeling described
bel owashigivisgd, lvaich irsiemes proxe cffh@ncytahd derestalgés:r itioduc 8g inodappoec calpleity
i nprovenment in process efficiency while introducing substantial conplexity.
Hence,nterie desigha Matiismaticalsmedgiing desgiiber] delpt shivs | teat adreondds Agn thesetstaees prodvees pl es
of the present invention ang*mnthln t he sgagﬁ of. the present invention, are
not dé ?Pﬁédm?ﬂFFﬁ%F”m?ﬁﬁi fwﬁWd@P%m%m?H bsyangig! GeRp! t&gﬁﬁﬁ?gﬁﬁtHF'ﬁﬁ%ther
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node, to yet present 1 nvention

610 (' @kﬁgﬂqgngg@g@&hﬁmggo ("washi ng stage"), 630 ("elutlon stage"), 640
("regeneration stage") and 650 ("equilibration stage") operate in an

anal 0geesy| FRNREIhdw ablde BREKAD BNinGficr CREH B A SO0 o drApBHEy8Sm dperadfy and
2B. The thICk bl ack Iine on nodul es 620, 630, 640 and 650 represent a

connegd ¢odthuafs n@dd, hdcordin® totypiuhotind Ehbofl R Jof e phes@ntSieediagl Mojaltt 6 0@ THindfnd Q3k")vi a
punmp ( 112) and three-way valve ( 111) on each nodul e shown. These punps
and t BReEwgvhipe viedeVe® 0 dickitignotags h@hth(“fegeneration stage™) and 650 (“equilibration stage™) operate in

an analogous manner to the operation of module 100 shown in Figures 1, 2A and 2B. The thick black line on
modules 620, 630, 640 and 650 represent a connection of a third output port (109) and a second input port (103) via
pump (112) and three-way valve (111) on each module shown. These pumps and three-way valves are not shown in
Figure 6 for clarity, but they are present in each module 620, 630, 640 and 650 as shown in Figure 1. Note that
module 610 (“binding stage”) does not have its third output port (609) nor its second input port (607)
interconnected, since in this module both port 609 and port 607 go to waste.

[0050] Binding stage module 610 is connected at port 605 via pump 604 to non-purified product tank 602, via
pump 606 to resin tank 608, and via three-way valve 658 and pump 657 to equilibration buffer tank 656. Ports 607

and 609 on module 610 go to waste.



Figure 6 for clarity, but they are present in each nodul e 620, 630, 640 and
650 as shown in Figure 1. Note that nodule 610 ("binding stage") does not
have its wbizoth/wad7put port (609) nor its second input pect/USe@nN27266

i nterconnected, since in this nodule both port 609 and port 607 go to
waste. [0050] Binding stage nodule 610 is connected at port 605 via punp
604 to non-purified product tank 602, via punp 606 to resin tank 608, and

Vi a tT@@grway val ve 658 and punp 657 to equilibration buffer tank 656.
Ports ]éWHl%ﬁ@@BHmﬂﬂﬁﬂ@és @”@%mﬂﬁnﬁé%F%pT@D@iPOW%@ﬁWh@m§Fé@Emﬁﬁﬁﬁm% 620

s conpect e ,B813 Vi a 12 .t u of the binding
st age n%e dm? ule%i(b OI’ tgogsztf Wast Vla tpum}\ol\éZSZt 87as 1n§% %ﬁg ?;Vla é) IB%?%%f:gom

ent er S, afn Refit: fiddravi @ punp 626 from washi ng buffer tank 624. [0052]

El ution stage nodul e 630 is connected at port 625 via punp 624 to out put

ort f o ] &by s
p 9% 2;]’ ElM8® Elag@gno'aﬁlél@ﬁ) RGME&a02 Qort EsUtid ?.Ehp%ﬁ i EhuyRNb&I &23ak wIaQﬁnrﬁ; @g% OVI a

punp romelution buffer tank 638. Purified product exits nodu at
port 6@Rduly bB. Puip HBE chidk at fiodueh pshebBYRNt aiithn 632 a0 8B3 purReq po@icadsiton
nodul e 640 is connected at port 635 via punp 634 to output port 633 of
nodul enc880e30WEBte2Tewd usp 436 ipoptod4Brage mipeidp 646. Regeneration buffer
enters at port 645 via punp 641 fromregeneration buffer tank 642. [0054]
Equi | il0% iRezeneroipa ned 5@ iissomorirvent pech3avia ponit 6364c9mwapomm)of@¢@ult 630oWryrut
port 647 of regeneration nodule 640. Resin is out of port 651 via
punp 659 2 prig4 WépWﬁgﬂﬁ]gf%W%EEk?%ﬁﬁmﬁﬂﬁF”W@?ﬂﬁﬂwgpBﬂﬂ%@ﬂm$?€ﬁpﬁﬁﬁﬁf@m%SO
at po%52661 via punp 653. Equilibration buffer enters at port 659 via the

t hree-way val ve 658 and the punp 657 fromthe equilibration buffer tank

656. 49@& ]Egﬁqfﬁbrglon ll CF %rém{nec er? rt%¥9S\§1a? %n%{@ %?0% u% por’t 64%11“ re%energtlog ?n%ldlﬁ ned

to tr reS|n 'n natin

al t er Rad iR 199&1%{}5%@34t5%nf6'5f $ib p&@%sﬁ & tﬁeefegpgorag%%ﬁ 668awa§e is wﬁpeé ¥isth &1 ad
Figure 6 is designed to treat the resin/product in a single continuous

pass, 690 itPort &S ivia pliky®sH3 NigjulieRtidndubk Shtyts it HEIBORE thcabtdwdyatlke &8 8nd thdysuai gbr
nDduIes 610, 620, 630, 640, and 650, and returning to resin tank 608. The
cont i rivouls cpalkityatien pfifct ek 68 st em shown in Figure 6 allows a fixed amount of
resin to be used for processing an essentially unlimted amunt of

unpur i[093d Asecodinatt ynlkajeeattenp pf Figwre 3.t wach| i Hestgneripto gfeattthperesiwirpduct i QBGSY}ing
Figures 7A, 7B, and 7C show a flowchart of a process 700 of countercurrent
t ange ﬁﬁtplaqnodehwlglﬁﬁtnﬁ?%ﬁ%,between the first and the second resin tanks, the system of Figure 6 is designed to

treat the resin/product in a single continuous pass, with resin flowing continuously from the resin tank 608, through
modules 610, 620, 630, 640, and 650, and returning to resin tank 608. The continuous nature of the system shown in
Figure 6 allows a fixed amount of resin to be used for processing an essentially unlimited amount of unpurified
product, subject only to the lifetime of the resin.

[0056] Figures 7A, 7B, and 7C show a flowchart of a process 700 of countercurrent tangential chromatography
operating in batch mode, according to yet another embodiment of the present invention. Process 700 begins at step
702. The system is flushed with equilibration buffer, as shown in step 704. In step 706, the binding stage is started
(emphasis in bold). Resin and non-purified product is pumped into the system at appropriate flow rates, as shown in
step 708. The permeate solutions are discarded from all stages as waste during the binding stage only, as shown in
step 710. The resin is collected with bound product as shown in step 712.

[0057] In step 714, the washing stage is started (emphasis in bold). The system is flushed with washing buffer, as
shown in step 716. The countercurrent permeate is recycled and utilized during the washing stage to improve

process efficiency and conserve buffer solution according to the principles of the present invention, as shown in step



operating in batch node, according to yet another enbodi nent of the present
i nvention. Process 700 begins at step 702. The systemis flushed with

equi | i br avpaniobwfd7er, as shown in step 704. I n step 706pCThiS20i0nei2eg st age
is started (enphasis in bold). Resin and non-purified product is punped
into the systemat appropriate flow rates, as shown in step 708. The
perneate solutions are discarded fronlall stages as maste during the

B: gglun/'?S Slse% e %rrrllpéé Wlt%%%ung V%guclt ?@6%%1%‘%1’16] 1rst s‘&a?ée 0 I}lrig}% eFlh re 19W1X§scv¥/1ﬁutqhe rgcypl CP ound
start ngsh(lﬁ%hﬁ§ho%vn il stgbobg) Themgheﬁ Y3 S Ibamzl lolldmﬁg C(\,Me&fgi aR I‘I‘ikspgmp 'tﬁtﬂz Ghile 8S
shown in step 716. The countercurrent perneate is recycled and utilized
dur|ngmhﬁﬁe%@ﬁ&hpgy§Mag@“a@3g@mﬁ@mgw@mggess ef fici ency and conserve buffer
solution according to the principles of the present invention, as shown in
st ep718058Res kup 128, (RUNIRRE stidetihistQu ehpikio duld). baikydidt © fitdnel Fir Sitios bAQE aOf
the system where it mxes with the recycled wash buffer, as shown in step
724. TFhenwagdpedo. rBs ceunigictienbsuiredte progusitand susdiiurieg the dution stagean drider &d imp@sd N
tank, while perneate solution is discarded as waste, as shown in step 726.
[ 0058Prors tiefrey g (o Ve PHisT Whia ageovingn SeraPt- eRFsie A 48k Brofus ipgyimityd bagthe
system in step 730.

i wth eluti.on buf
count é?t%l?l? {j‘étﬁfagep%ﬁ?é%ﬁe@ ey 188‘9%?|Wé%q“§ﬁeayc 686@%‘81 GUPInY S8 “bsl““ﬁt ?on stage in

order ro roce efficienc rve buffer tion
ahown (P TE RS S bRESR o B ot Hpr et R gonpee il Pl b by i .
stage I@gmitsl&ﬁleéé/dqﬁﬁg%eccyl\i{a?%qﬁténf{ amh&%m%ﬁﬂgt e recycl ed el usi on sol ution, as

shown 1 n step 73 In step 736, perneate solution fromthe first

stage 0@6“} 9111 Lt&)%@ Qh&%geggrﬁgy g’[&ge %OJtelIlt%d @{ﬁpl(agm%ﬁs St He @ysggll 19 }lushéa%!h Qe g'e&ratlon
collected in the second resin tank, as shown in step 738. [0060] 1n step

740, tshigioheg ek atsicp MoS trag@uht& skt ﬁpérﬁleate( ISRPRRS hrfd r&u@edmaﬂn@)the ré@a@rﬁy&w@mm S
flushed with regeneration solution, as shown in step 742. The
count@nbunn&mWep@mﬂsémgmnsmd@@w@h@dm&hddmmmssdm@umnmg7#héhc®gen@m&@ﬁ®m)
stage, in order to inprove process efficiency and to conserve buffer

sol ut itsriirst Baeessthn' Tines$tte e Pepcled Tepencragie selufian. gsuhpyendn Flet 1361 Fes primesie sostienge,
wher e .i (ﬁes with the recyel | ed regeneration solution, as shown in step
746. THEPSARETE VTP i di scarded as waste, as shown in step 748.

[ 0061] te the r ect in the first resin t

Cerpn Al 5B gbihe e et & e Tramayihe’ah b Rossin Frb T Sisabr
resin.,;[,0962] okl 5§%Iy, the equilibration process using equilibration buffer
may be repeate nore cycles are required, as shown in step 752.

Al ter ’16662‘{ %hnﬁlly, fd ‘:ldulilfbgﬁ(?nt ﬂr&@ss H!n%%ﬁtﬁﬁbr%y bLQfér IH%’I’ ‘Je Qé‘p@%eg 1%&9@%1%92&@19&11%@ Iayt ron

if the resin requires
shown in step 752. Alternatively, equilibration process may be performed with storage solution if the resin requires

storage, as shown in step 752. The process 700 ends in step 754.

[0063] Figure 8 shows a flowchart of a process 800 of countercurrent tangential chromatography operating in
continuous mode, according to yet another embodiment of the present invention. Process 800 begins in step 802.
The binding stage (Module 610 of Figure 6) is flushed with equilibration buffer, as shown in step 804. The washing
stage (Module 620 of Figure 6) is flushed with washing buffer, as shown in step 806. The elution stage (Module
630 of Figure 6) is flushed with elution buffer, as shown in step 808. The regeneration stage (Module 640 of Figure
6) is flushed with regeneration buffer, as shown in step 810. The equilibration stage (Module 650 of Figure 6) is
flushed with equilibration buffer, as shown in step 812. Resin and non-purified product are fed at the appropriate
flow rates into the first stage of the system (Module 610 of Figure 6), as shown in step 814. All buffer solutions are

fed into the appropriate stages at appropriate flow rates, as shown in step 816. The purified product is collected
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storage, as shown in step 752. The process 700 ends in step 754. [0063]
Figure 8 shows a flowhart of a process 800 of countercurrent tangenti al
chr omat ogwepbhw/op@rati ng i n conti nuous node, accordi hg POTHSR01ANS2KEr
enbodi nent of the present invention. Process 800 begins in step 802. The

bi ndi ng stage (Mddule 610 of Figure 6) is flushed wth equilibration
buffer, as shown in step 804. The washi ng stage (I\/bdul e 620 of Figure 6) is

]E :\/gznﬁrgm\,\%&ﬁtl?n B {]}9 dblu Oof F as Shg\Ymall o{lllersq\lg{% S0 LHl% Suafef scarde tt(l) Vg%tea;%al%ﬁm &a ep

808. Héf? 8[86%13%5@1% Isﬁ%mslg @Q)‘? IL(IIMQQ %nﬁnu@ 3/ 191ftll %E QL ﬁmﬁéd 15b§dutt sUﬁh(ﬁldis \%ntqhetely

regeneration buffer, as shown Inh step he equi li'bration stage (Mdul e

650 Ofcoﬂ';‘hrﬂddra@s}@)NnhrﬁsteEBL[BhﬁQereisQO(Eﬁﬂd1hlst&f@2.| on buffer, as shown in step
812. Resin and non-purified product are fed at the appropri ate flow rates

i nt o tMEDHIINGt stage of the system (Mddul e 610 of Figure 6), as shown in
step 814. Al buffer solutions are fed into the appropriate stages at
appr o 00 @rddhaweovaty ésone atths mosimporans tostplrigd6in clhwatpamphy. iTeid ishe@uba dite pragein
coll ectedfromthe elution stage (Mddule 630 of Figure 6), while all other
buf f ermoseHgsteoh SIS Higk vacdd dertier EesregreRly POREHHOTIA haye & fre@eg . of FtHest@AY r e

systemis. kept nin tin ousl unti | e non urlfled roduct sol ution
2 oMb RrE s B o b sORh ek Tiep b B ERB6 s 1 ot ep
822. |'|ng fg0064 Pr oduct r ecover é‘cﬁ one of the nost inportant cost
drive hiCONERGGTRBIYS VR s B S lse the protein nol ecul es are of

t h h
L S R R e e R e

reCOV%ﬁerr%taﬁ%pn% c&nb&slwtﬁéo‘?%pwaﬂiég%wn (the el ution stage). [0065] The
foll owm ng assunptions were nmade 1n this nodel: [0066] 1. The tangenti al

flow ([Gdg7) 2meriRL BRES: Jr BesbPfon TPHUL BB IRAL fort Qe RERPEEIS the slurry of resin
and elution buffer at appropriate conversion factors (upwards of 80% .

[ 0067][06%8] Bhe i H&kds & rRfendR BOTBE h@ibRE istRRIPANE buofhGRMlg from the resin
is fast. []0068 3. %he si eving coefficient of the TI§F menbrane i s constant

throuqtmmght Thd§sthh RCESEspalH@EI] 4. The systemis "dead-space” free.
[0070] The inpact on the percent yield (%recovery) of the follow ng

var i ahd@r| ahenB¥PbonhestdR yicRi(s (BB of thdBibkIng LariablkdBRp16:@d in tlismddpe rati o of
elution buffer flowrate to resin buffer flow rate, and governs the

di [ ut i[oe719f1. t RearfiOE6d the il JrefutidhHaGE Motk WRSIA bINGr 86w taGl 0 6yvernd Mk Silution
vari abl e can be controlled by the operator.
of the product, buffer usage, and washing efficiency. This variable can be controlled by the operator.

[0072] 2.  “s” is the sieving coefficient of the TFF membrane for the product molecule. s equals the product
concentration in the permeate divided by the product concentration in the retentate. This is an inherent property of
the membrane and cannot be changed by the operator.

[0073] 3. “N” is the number of stages; the present model explores a two-stage and a three-stage system in
operation. As the number of stages increases, the washing efficiency and product recovery increases, with all other
variables are held constant. However, more stages increase the complexity and cost of the system.

[0074] Model equations were derived by using material balances and solving for % yield. It became convenient to
introduce a new variable o, =vy-s.

[0075] Equation 1 shows the percent-yield for a two-stage system as a function of o:

(1) %Yield = (1 —;) *100%
(I+a+a’)
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[0072] 2. "s" is the sieving coefficient of the TFF nmenbrane for the
product nol ecule s equals the product concentration in the perneate divided
by the prwdueoto/waosicentration in the retentate. This i s aoTiush@omat26pr operty
of the menbrane and cannot be changed by the operator. [0073] 3. "N' is the
nunber of stages; the present nodel explores a two-stage and a three-stage
systemin operation. As the nunber of stages increases, the washing

effici QfX and product recovery increases, with all other variables are

hel d d@ §iéﬁ&@m$%ﬂ%V%kﬂmﬁﬁF@w@@5§@gwﬁﬁgﬁﬁﬁg%“ﬁﬁ%m%ﬁﬁﬁWexity and cost of the
system [0074] Mbdel equations were derixed by using material bal ances and
solving for %yield. It beggp € enient to igty@ece a new vari able a=
ys. [0075] Equation 1 shows the per@emt+yiela ) or a two-stage systemas a
function of a: (1) %ield =(1 - I-- - ) *100% 0076] Equation 2 shows the
percent-yield for a three-stage systemas a function of a: (2) %ield = (1
- 1-) [0@0F0r{dured @ arkiel 0kBow) thE QO br this HABEScaBma gl iskE: BRpWAdh Ruribis Whd Rrceft (i S
nodel ; gamma (g) is the independent variable, and percent (% vyield is the
dependgehtis hadipadibe varlRgle. denént yicle lodve ure\eesragt dor g@niér sitveg chaficigpdaibbihenogélevi ng
coefficients for both nodels ( = 0.5, 0.7, 0.8, 1.0). [0078] Figure 9 shows
t he résul-i-.9.7f&% 18-t wo- st age countercurrent tangential chromatography system
showing the ratio of buffer to resin flowrates (ganm) vs. percent yield
for s i[&%&i Figes e shpvesi teqyeslis fora gyosstagg copntergurgnt tqnegntial[ygraipershy sysem BovarechEs t he

results. for t hree- st age countercurr t angentjal ch t ogr aphy system
showi ﬁadlotog%‘ﬁ%é? fg" ﬁ?w-ﬁﬁ? ?gél?lm%BS' ngﬁnwﬁ%wew&t%@ﬁwgm§3@ X ‘9gé3cent yield
for sigyi .coefficients s = 0.5, 0.7, 0.8, 1.0..1Q080] The results of the
roder ISR ik RISy i BisdppispimSifions B QRGBT e ne e

t wo- s - L Vi L Chents I, these

pr ocos Lasr A b % hALAR Bh A8 SHE ARy LB FRRL L L SHPRAT0 e The
menbr 3@ 4EE s of (N SodVabe MMRULALRL Y GHPPAMHO HBiARG, WoH il D8l Lher & be
expected to pass the product nolecule relatively freely. The two-stage
Syst enwoubésynieadsiaviky @ér8icnBubfiete fretck@aft cktibdo b@yitihannd: beokhneessiwge
systemto achieve the sane percent (% vyield. Therefore, the recomended
oper attiengengpaunereusdgih tfiosystam twynld $t agpeopsipst @ihwiogld dhetefordbe @pdtefl or paas thipedicst age

system the recomended operating gamma (g) is 3 to 4.
molecule relatively freely. The two-stage system would need a higher buffer to feed ratio (y) than the three-stage

system to achieve the same percent (%) yield. Therefore, the recommended operating gamma (y) for a two-stage

system is 4 to 6, and for a three-stage system the recommended operating gamma (y) is 3 to 4.

[0081] A modeling example is described here of protein A capture of 20,000 L bioreactor harvest, 5 g/L IgG
concentration, in a three-stage countercurrent tangential chromatography system operating in batch mode, as shown

in Figure 5. This example is illustrative of one of many modes of operation of the present invention.

[0082] This modeling example makes the following assumptions:

[0083] 1. Residence time = 0.5 min (hypothetical “small” protein A bead)

[0084] 2. Resin capacity =30 g/L

[0085] 3. General Electric® hollow fibers are used as the TFF membrane. The areas and hold up volumes are
used from existing large scale General Electric® modules.

[0086] 4. Flux = 100 LMH

[0087] 5. An 80% conversion factor is assumed in the TFF filters.
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[ 0081] A nodeling exanple is described here of protein A capture of 20,000
L bioreactor harvest, 5 g/L 1gG concentration, in a three-stage

count er cuwopento/wastgent i al chr omat ogr aphy syst em oper at i rgTius2@iaetz66rode, as
shown in Figure 5. This exanple is illustrative of one of many nodes of
operation of the present invention. [0082] This nodeling exanple makes the
follow ng assunptions: [0083] 1. Residence tinme = 0.5 mn (hypotheti cal
"smal IT" folage ein A b tad) [0084] 2. Resin capacity = 30 g/L [0085] 3. General
El ectr@ggﬁﬁﬁﬂ%@%‘%&iﬁbers are used as the TFF menbrane. The areas and hol d
up volunes are used fromexisting |large scale General Electric(r) nodul es.

[ 0086]yoflme Fl ux = 100 LMH [0087hgofp.. AN 80% C@hiRg i factor is assunggsjd

t he THhrdiddricer s. Tabl e 1. Mdel i nggiesults Vol une 20000 L Bi nding stage tine
0. 175 thepoderoduct cone. 5 g/ L Todoay product ol sVW&sivolvet @me 4 ResiaoL
Vol unewstal(veyand2@0 L Tot al Menbr @9e2ar ea 300 WehinAeediiime st age Ti ne 0. 10120 ins S
# of dtbtpess Washing dilution fadtor 4 Elution Volune 4 Resin Vol unmes (RV)
1200 LVa@gpiHionBitine 300 L El utigff stage Ti meuen opmpt Resimolimes (R paci t y 189k g/ L
Regene%;ﬁlgleﬂrﬂf Buf fer volume ( 4 ﬁg)"l_opti onal 99§ Teux 100 LMH Wash 7
0.120 hrs™t cycle processes 9 5/ MAB One %be%tio\(@dﬁ&%w%? tiopal 1200 L
Equi l ifgation Buffer volunme (4 Rém3i200 Was i 0. 120 hrs Resi dencgpé pdre
0.5 m dhe Stididodssesni xer vol ume 100 lg kgmas

One cycle Volume 1800 L Equilibration Buffer volume (4 RV) 1200
Wash Time 0.120 hrs

Residence time 0.5 min

Static mixer volume 100 L

Total Flow 200 L/min

Resin Flow rate 28.6 L/min Total Cycle time 0.66 hrs

Feed Flow rate 171.4 Umin # of cycles 12

Feed Flux 34.3 LMH Total Processing Time 79 hrs

[0088] The results of this model show the following:

[0089] 1. 20,000 L of unpurified product can be processed with 300 L of resin which represents a factor of 4
decrease from conventional column chromatography.

[0090] 2. The operation can be performed in a single 8-hr shift.

[0091] 3. Number of cycles can be decreased by increasing resin volume.

[0092] 4. Efficiency and process time could be increased by increasing flux.

[0093] The inventor recognizes numerous and substantial advantages of the present invention to the downstream
purification process, including:

[0094] 1. Current technology could be readily adapted to this process because existing components are readily
available in the market. Namely, the tangential flow filters (cassettes, hollow fibers and ceramic membranes) and
chromatography resins are readily available. It might be advantageous to develop a new line of resins specifically
designed for this invention by using smaller beads than in conventional column chromatography. This would nullify
mass transfer limitations, increase dynamic binding capacity, and make the process more efficient.

[0095] 2. Tangential chromatography systems according to the principles of this invention may be scaled as
large as necessary, similarly to any tangential flow system. This is not the case with conventional column

chromatography — the largest scalable columns in the market are currently limited to 2 meters in diameter.
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Total Flow 200 LVm n Resin Flowrate 28.6 L/mn Total Cycle tinme 0.66 hrs
Feed Flow rate 171.4 LVm n # of cycles 12 Feed Flux 34.3 LWVH Tot al

Processi ‘igoOBDme107679 hrs [ 0088] The results of this nodelPCThusaoinioer266
followi ng: [0089] 1. 20,000 L of unpurified product can be processed with
300 L of resin which represents a factor of 4 decrease from conventi onal

col um chromat ography. [0090] 2. The operation can be performed in a single
8-hrn386+% [ 0091] 3. Nunber of cycles can be decreased by increasing resin
vol u éQZFb@“m@¥?P@i%H@Vmﬁﬁﬂiﬁﬁ%@@§?°F?ﬂ%q%b&P&e68%? Peh@dn higure 6
|ncreq§ %$s1emme8¥ or, recognizes nunerous and substanti a

len and requ malleT System size.
advant a%e esent | nvenf (Sl ]treh 3 S ream pUI’I fication process,

i ncl ujs(;%?é 4[ C}%erl 1s POty n%jlrtg r%qul ¥h1 h 11(1) la (c) le?e(l) uc{ dqlp?sbbel\e mann 1s 1as‘ eaéQL%s%mucth lpz

proce cause exi sting conpo en s ar avai e mar
Nane! Yimodnd&r e 98 Rl forl thi@¥hefatidel 1B Sn &m&%&%%mpnp tﬂlQ\W)ufld Hehs fo@agap@ﬁjéﬁ{n c
menbr anes) and chromat ography resins are readily available. It m ght be
advantageausastion eensedeapsia). NeWitohalg 1o tadec@SiaNGowSHIRE of kb syaldesilgnegded @a t hi s
invention by using smaller beads than in conventional colum

chr ongitspgetégdhays asTaills woul d nul lify mass transfer linitations, increase
dynam c¢ bi nding capacity, and nmake the process nore eff|C|ent [ 0095] 2.
Tangerd®9%8] 5c hrlberest ofpeamdvyld by st @des ofareazoifudé legerttion frhenysntiond iclpbmsogiphy, biusing
invention may be scaled as | arge as necessary, sinmlarly to any tangenti al
fIOM/§§§F%ﬁ?”#ﬁW?gﬂgﬂﬁBWmﬁh%”%ase with conventional col um chronatography -
t he iﬁﬁﬁﬁt scal able colums in the market are currently limted t

nmet er &Pﬁﬂ%?é@eF@ﬁ@é?wgmr@%ﬁ??ﬁGHH%“%&H@“@@&#F@F@H??%HW“F@hBéH%$%W+
chronatfgﬂ%g,(m%sc ge d%'ég?qg as shown in Figure 6. In general, continuous
processes Ar SF19ED Shd require a snaller systen15|ze [ 0097] 4.

Th.er e. &]bdait erbté aIJatefl_ltoN(g l‘41n786 E' f OStOSJgé &ﬁ% 1a%n&t?egp ITgnggn‘qu @ §1%p‘llg]1§a-%£][{8%r

Thi s ause nuch snmall er anounts resin are-need I'S operation
t han 'd&c@&L W BRG0P T PLARMon ( tMkSpaR ik, REe1fidsUS a fpfzeesgmﬁermraﬁgjnrﬁcalﬁbrnds
such as ion exchange resins). Addltlonally, the tangential flow |ters at
snmal | emhics caltess e ﬂﬂodzs&)@ tMBlﬁdﬂlemf aﬂindy &ﬂﬁ&&)@ﬂa@ybﬁﬁh@eﬁﬁl Wed- ﬂiltratlon, and is capable

fl
%alo %{nﬁouL Broc

of being operated on a continuous flow or semi-continuous-flow basis, for use in the purification (or separation) of
molecules of biological interest. The process of the present invention is verifiably different because of the
countercurrent and single-pass nature, along with various other improvements. The process described in U.S. Patent
No. 4,780,210 is not suitable for the biotech market.

[00101] U.S. Patent Nos. 6,139,746 and 6,214,221 to Henry B. Kopf (hereinafter “the Kopf patents”) describe
a process and apparatus for purifying a target substance from a source liquid using a cross-filter element system.
The Kopf patents, as shown in Figures 2, 5 and 6, describe a system and process for contacting a source liquid with
resin, allowing the resin to bind desired fraction of target substances, re-circulating the resin in a cross-flow filter
system and ultimately recovering the target substance from the resin. Counter-current tangential chromatography
(CTC) shows at least three distinctions from these patents: First, CTC is a process and system based on continuous
and steady-state treatment of the materials (single pass); second, CTC utilizes a counter-current recycling loop for
recycling buffer to the start of the process; and third, CTC uses static mixing or static mixers for combining the resin

and source liquid, as opposed to stirred or complete flow mixing. These are each discussed in turn below:

[00102]  Continuous and steady-state processing: CTC allows a one-pass, continuous and steady-state

resolution for resin and target product as it flows through the CTC system. The resin processing and product
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[0098] 5. The use of resin could be an order of magnitude |lower than in
conventional chronmat ography, causing significant cost savings by as nuch as
80% [ 00980 20tvemed7or e, t he present inventor recogni zes RUTAISOUS/027266
applications of the present invention to the $850+ m | lion/year process
chromat ography market. [00100] U.S. Patent No. 4,780,210 to Jen-Chang Hsia
entitled "Tangenti al flom/affinity ultra-filtration" describes a process
for tr u artlcul rel at es rocess f

bi ochebei Bkt cbiSh whien B bRt o dB g el BIRESE

af f I nIS§7SYCmg/BIr09€rSrS%£ Oﬂ{e Bb’pa@eg‘g I }a'lﬂ)gg B&téhavlllseua!n& [H%tetldy SEa'ECafL‘dCQSrS]ln{f o ge Ileﬁn C%%Ip? Of

bei ng operated on a continuous flow or sem -continuous-flow basis, for use
i Nt heyspur didol aat sRBifit ReusS@P@ALALE @R) D nofBb8G Waisle) buthhot nUkGah it RifRiast .
The process of the present invention is verifiably different because of the
count gkxble remplopndidsiangloépipaisypaat ure, along with various ot her

i nprovenents. The process described in U S. Patent No. 4,780,210 is not

sui t ad0@&108br prtd 5 paink doop: [(D0710kribes 8. cdRatenmtrerNo®w G¢td 38, Fler and
6,214,221 to Henry B. Kopf (hereinafter "the Kopf patents") describe a

pr oc e $ENPRENCHH pEbe SAUDIST-FEPN BOIr FreAss A gonaentratiop epdien dheapaEsats yobrng osburrsntiel qui d
uslng oss-filter elenegt %%stenl The opflgatents as s 1 Fi res

RN R T - 8l e e B A G A A
WI t h r&?elasas pr@éeis%mci@& tﬁgdeﬁlﬁ%sﬂﬁéﬁhst sﬂovm a@gve%%%dg glgpoﬁ'tfﬁ?r(fﬁege Iﬂalmg f target

substances re-circufatin eresinina cro ow filter system and

ul ti maphedoq) re%ﬂ%@&xﬁ éﬂ@%&‘%ﬁ%ﬁm§y9§&ﬁﬂﬁﬁa£ﬁ&ﬂkkﬂ&x&ﬁéh&msS@@Bﬁ&&u&&h{ent

t angent 1 al ~ chromat ogr aphy shows at | east three distinctions from
these paactnemes and=lesS timprérbfaedts  AMPriAHESHteanth HY® tBHHLRAGEU R Parcd Mith NHO BN
steady-state treatnment of the materials (single pass); second, CTC utilizes
a counhgemeputidnefithe CEC yy6lennag nbtaigpevicosly, the dyppf sirmgprdis idt @merbige tohentisions dpeofiont he
process; and third, CTC uses static mxing or static m xers for conbining

t he r ddherchihelscpsuipiarbdt egess i 2 MsbBRsgdTEen depicss the paneling pnits giist: et aitF¢do@sseinki ng.
These are each discussed in turn bel ow.. [00102] Continuous and steady-state
proceé@?%ﬁgaﬁﬁﬁnﬁwf%&gc THW@“%%%@‘a%%%@ﬁkﬁgug %Wﬁgs?%ﬁﬁvﬂingémF@E%i ‘t on

for %ereas 1tta%ed 8ssel ty (sjlél(\:x;tl eadsstrlbutlon 0 \c/\(% a%tﬁré? sh I%Q dmonghslyoﬁ:uem thf-:r Q %at!:c? sin
processi ng and productseparation I's hi I'cien rovl

ef fi civadi idtigkdme tRRBNAMTERRY i MIQUS/ A %a@l@d Yoosde@eR1ySHS LHB LdN &Ql% 5

The Kopf patents rely upon batch-w se and unsteady state processing of the
r esi n.syskhas Kepf, bayiat @miaksio Hiaileaf Sip eftalibc whiolcl SR RasgTeHahge{ for fhe WTOEYstem,

non- porous particles, but the CTC systemis sufficiently flexible to enpl oy
a W devhrch hggdungfiong anitsitle} ae felpjpely inexpensive and indeed may be treated as disposable.

INDUSTRIAL APPLICABILITY AND ADVANTAGES OF THE PRESENT INVENTION

[00105] The countercurrent tangential chromatography (CTC) method provides a means for obtaining some of
the benefits of chromatographic purification within a framework free of the normal packed column format. The
scheme employs contactor — separator functional units that allow better control of contacting times than do
alternative approaches based on agitated vessels. Such units can be especially effective in allowing matching of
flow rates suitable for optimal binding efficiency. Subsequent steps (wash, elution, regeneration, equilibration) are
performed in the same format. The structure overall appears best suited for capture steps, and offers the advantages
of reduced capital costs, facile scale-up and use of disposable components.

[00106] Chromatography as operated in the preparative bind-elute mode is inherently a batch process, the
design of which must balance the advantages of rapid mass transfer against the disadvantages of rapid momentum

transfer (manifested as a high pressure drop). This trade-off results in limitations on flow rate, particle size and
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[ 00103] Counter-current recycling |oop: CTC describes a counter-current

fl ow between buffer and resin/perneate. The counter-current flow creates a
concent r avpaniognadrent in the permeate sol utions of thepcangeomwioat2eé | ow
filters in the counter-current direction to resin flow. This
counter-current flow saves buffer volunme and increases process efficiency.
Model i ng results shown above provide support for these clains. [00104]

o ot S P TS n SOt EA B B WA ol PR Rl gt °

SYSt €My S dPsiwARREABFh! Bh¥% (CRTRARE M ek NEnRAIGH] sbiRL&IRRALRLyON Of the

CTC system as noted previously, the Kopf structure’is not anenable to

co nti No@LH) 0P %ltﬁ(gdgg fhe bﬁc@@%%ac&i%n% Me@a?ofg o baltth '%9&4?101% RAK SodtiRuots Wﬂq{] e
filtration device, the contacting units differ: an agitated vessel in Kopf
and a aBb pdstile M XBllcatiod o GReontddli8g St Fdrhd¥nxeltich derdibe, Ranank agee is alpb@s ng
good control of the contacting tinme, whereas the agitated vessel yields a
wi de dlistd the bdvtitaa obf low-ool traccdhiomgtogriprg systeirto @ddist ilage, volheofi@l.dup i n t he
agitated vessel is higher; the corresponding holdup in the CTC units is
smal | d00108bns 8teibasicIGFC cotietingaypittiad melositeqafalanhef aKopiilibsys stegn cogachi g kerratobut
that also locks in the scale of the operation, which is nore easily changed
for thetcificugyls Pl NP eferaad ol fibe Aatimilin pepaation ypits gprsideratl g iepiypey djspersion

i nexpensi ve. and indeed may be treated as djsposable. | NDUSTRI .

APPL| R TP AR AOVANIRAES 0 SFHE PESENP PAVENTIEA T DOTOR] < s e

count %&gﬁ&gﬁgggtr&gg%ﬁ&t‘%ﬁlfaﬁ%&%hg&gm' (CTC) nethod provides a neans for
e

obt ai ni ng sone o enefits of chromatographic purification within a

fr am?V[@Gﬁ)ﬂ r eq{eﬂgceﬁl&? off Bicm!-be(ﬁ) @%%gcﬂthMGﬁ-gfo@tsysteﬂzhs%mﬁlgi‘sase 0E n%ﬂpéogéfﬁint
contactor - separator functional units that allow better control of

cont aGkdifreductRSr bt §0, it tdaid pes@pPRé amhesnhasadcoizcagntbatied vesse! s.
Such units can be especially effective in allowing matching of flow rates
Sui t albdrdasfeomaspipinsipradspdoiaipddunige leddingci ency. Subsequent steps (wash, el ution,
regeneration, equilibration) are perfornmed in the sane format. The

st r uct[09E0bv ermbtherappaagesf vedie is vk kaidsysicapt thy @ilist epentrobthdvaffedrignct e
advant ages of reduced caﬁﬁ;i al costs, facile scal e-up and use of disposable

CompoEAE POBTOBT- CHig el Bl a1y Adstoiel Bt SUFTHS YHE fF St gprocescs
bind-el yte node i.s inherently.a batch process, the design of which nust
bal andB LAY St EyEa s Rl ik <R PRSP R Ao HEE ¥ R Tl iAo
rapi d u Rk s%egl%sailﬁs tﬁe%@/!rit%%&l%%a airidd Eﬂegﬁ}. pressure drop). This

trade-off results in mtations on ow rate, particle size andcolum

| _e”_gt *}001’1*151 le Eﬂﬁlﬁ%ﬂgQQée T%a%l%&%&uﬂjn%l Bh&es § Qlajglugdpitafl @ngés%eﬁt, @osbeflje%yge(gi)}?&ﬁaiﬂgyt ion
[imt colum dianeteéer. e CIC franework all ows several of these |l ssues to

be ci rcBddper endtRdntiaBsdiMaéable @3 C it tioasl UsitsNgots QR niddekiahd NaY (bR 6b@NS are available

in a variety of sizes, making scale-up possible.

EXPERIMENTAL RESULTS

[00112] Materials & Methods: All the chromatographic experiments were carried out with strong anion

exchange resin, Macro-Prep® 25Q which was donated by Bio-Rad Laboratories (Hercules, CA). The nominal
particle size of this resin is 25 micrometer with nominal pore size as 725 Angstrom. MidiCros® hollow fiber
modules (Product Number — X32E-901-02N) were donated by Spectrum Laboratories (Rancho Dominguez, CA).
Each hollow fiber module housed ten polyethersulfone fibers with 0.2 micron pore size and was approximately 64
cm long with 1 mm inner diameter giving total surface area of 200 cm® per module. Static mixtures are 11.25 inch
long with 0.4 inch inner diameter and were purchased from Koflo Corp (Cary, IL). Bovine serum albumin (A7906)

and myoglobin (M0630) from horse skeletal muscle were purchased from Sigma-Aldrich (St. Louis, MO). The
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[ 00107] Al though the basic CTC contacting unit is anenable to batch
operation, fully continuous operation is also possible via replication of

t he cont awDi2n/wmé7y. For phar maceuti cal operations, conPCmUSAEI0ORRL@ti on is
i nportant due to the advantage of a | ow vol unme chronmat ography systemto
process a large volune of feed. [00108] The basic CTC contacting unit is a
nodern equi val ent of an equilibrium stage contactor - separator unit,

i 5 PRoRe U RSPt oS B iR aPePBR B ey gt She S rifEHover

contr @ake%f ang %Qttag’fan' ﬂﬂgspkétm§nobmi c@}gta? U ‘?T %_tlkeﬁ h? %goﬂ'géh tv@ottei Hbtﬁl%ﬁi ffoth IQJXILI @;\[ﬁiﬁe

relativel'y conplete mass transfer  even wt alrly short contacting nes.

[ 0010%ianRReplvaceBmiti@f syRACHREsRQALEDOERCE drf) GvitMatrdistlyilleheNhaceid MYSHE Mhe
elimnates the main constraint against reduction of particle size, nanely
col umpHpif és salrtieon Grsopeasutddusingariiielngr Onpamiodd K0 Apiug el ne@nant edjussd dy adglitionwi g f or
faster mass transfer, especially during |oading. 400.110]. Anot her advant age
of | od8HALP MNAOH aswetiredyi Bightiowy Sicegth §lwiop pdfentsisipiepgred by disephtinegiprremiigte derntine!

bal ance_of resin flow and feed flow Wth the dilute feeds and rel atively
hi gh é%fb“ét‘b?hf‘i“g"sa'? THP 21 B et rhorehaoulF 8dsses, 1 oading a packed

colum to near full capacity requires feeding nmany columm vol unes at | ow

flowr ereas the use of a resin suspension allows the flowratio to
be. il Srhed A raery cofgarty el RIS % Buedhbsl aimdlotes o
ma) or thQIRIIlIIB@Iﬁ‘OIIH r;lysgfbgﬂ}? Qtt2’80 thl upiﬁ E%Ltﬁ)gﬁ)%np%r Sm&llb%l{ion &%%@ Ereﬁ&idfor BSA by
potentially disposable CIC functional ‘units. Both static m xers and hol | ow
fiber ssmouh&s iRb@eray @hlclilc@blofbaite YadihEh BIA c&icé@StionsrokiicNgcl e lcBotfography
possi bl e. EXPERI MENTAL RESULTS [00112] Materials & Methods: Al the

¢ hr omataogedip Quaptitetivple rhatpeaths sawpleecot@red dethg outstage CHC sbeeenTor tamiraemcextdsange
resin, Macro-Prep(r) 25Q which was donated by Bi o-Rad Laboratories

( Her cgvegobirciyn Agitpnd 1 98 MPR@ Pysisarith Stnstdst 208, 19304 ¢ permpestignpolugn fom (G dleglireter

W th m nal pare size as 725 Angstrom Mdi Cros(r) hollow fiber nodul es

(Pr odE@Qpaﬂajn%‘g enﬁ Wl %OPP? GoNy*¢ ?ne&f%ﬁt&%r&iﬁly wgéévétail Gt rdroFiosgon
R ) . i h .

( anc:ﬂﬁtwpe%rﬁsg%ﬁcg 1%%((}5;%@%1 geaﬁg Q)hISEUPEILCq% JOIIIQ\% ; ho%gt'é .Ib%fer Qtlr‘ég%ats 14 as mobile rTpﬁhase at

pol yet hersu w'th m cron pore size and was approxi nmately 64

cm | ongyWid 4 _O.Ilm/rhiﬂ.n &0 ngur@ﬁ&tsﬁ{pleg 'ngle fe®8} a ]_%H&f ACEs AR e_ﬁﬁlenz @6 SiPefd&
nodul e. Static m xtures are 11.25 inch long with 0.4 inch inner dianeter

and wene cquitncha seditdredosn Kakhta 2@osepes(Bans, delebidr. at Bad hih @or petdiitd@bdatiariors. (4/906)

appropriate calibration curve was used to calculate the concentrations of BSA and myoglobin from the peak areas.

[00114] Two-stage CTC Experiment: A pump drives concentrated slurry from the feed tank to 1st static

mixture where it gets mixed with the permeate stream from 2nd hollow fiber module in appropriate ratio. The 1st
static mixer provides good mixing between the concentrated fresh resin slurry and the permeate stream from 2nd
hollow fiber unit along with the sufficient residence time. The well-mixed diluted slurry from 1st static mixture
enters the 1st hollow fiber unit and gets divided in to two streams: concentrated resin slurry as retentate stream and
resin-free permeate stream. The permeate stream from the 1st hollow fiber module is collected in the tank as either
product or waste. The retentate stream of 1st hollow fiber module enters the 2nd static mixture where it again gets
mixed with fresh buffer (in case of washing or elution step) or feed protein solution (in case of binding step) in an
appropriate ratio. The diluted slurry from 2nd static mixture enters the 2nd hollow fiber module and gets divided in
to two streams: the retentate stream which consists of concentrated resin slurry and resin-free permeate stream. The

permeate from the 2nd hollow fiber module is directed towards the st static mixture while the retentate is collected
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and nyogl obin (M)630) from horse skeletal mnmuscle were purchased from
Sigma-Aldrich (St. Louis, M) . Thephosphate buffer was prepared by

di ssol vi nyoappriopiirat e quantities of sodi um phosphat e dipbadiseolhept2ahydr at e
(J. T. Baker) and potassi um phosphate nonobasic crystal (J.T. Baker) in

dei oni zed wat er obtai ned from NANOpure Di anond water purification system
(Barnstead Thernolyne Corp) with a resistivity greater than 18 MMcm The
pH of .t he sol uti S _measur usi ng a, Ther Qri on nodel OApl us .pH

et or et i Bl G e P ook TR pes  §ente el it FRAPORAR S oni o
str _eng&/(hchgllmgf beQrHeaQuéll_lfm%ran %sﬁfeecﬂgﬂ'sea?roi\nﬁ}{hedfnm%\é'ag QveARRT.ORY! tﬁé ﬁlew%t\lf&é, of
sodiumchloride (J.T. Baker) 1n 20 ionic strength phosphate buffer at pH
7. [ OQibdidkedAmiad preskise seSA concentrations in the sanples collected from

bi ndi ng kinetics experinents were determ ned from absorbance at 280 nm

usi ng [G0EIPF¢Ct ROPING ICONBIEE koparkiiod @l 1hd biadr) PdteldWykeh (BBA/NG bR daslibadn ABSADYith
serial dilution in order to convert the absorbance reading into BSA
concemSAguiip ns29.53i e yielk of 1Wsi. dihcardticd madadigy ap kypewagitalseds vac guamntoiazat wike] y
anal yze the sanples collected during two-stage CIC process for the presence
of BSA”and myogl obin. An Agilent 1100 HPLC system with Superdex 200, 10/300
gel perpeation colum from CGE Heal t hcare (Uppasal a, Sweden) was used for
the sil9®U&kcI dsrwtingdheiaborrhgshyisdrrdrremiiec bn dserdrd adrheyassh pgrence to
resol uti.on between BSA and ogl ohi n ks.. 0,15 M NaC in 50 hosphat e
b £ e P A R e oy B4 MRSOT S pnaRd BT P B Groo e Ry R REE0

M Cr 0Lk &g AR LSRRI Brel B EHLLRUCLiRURELHAE 185 15 % 3 A0 IR BT bl
from Superdex 200 colum was nonitored on Agifent 1200 sSeries W-Vis

det ectaREord@gly? OfeshiPedi@alPi@ERId MeriQNELIMCF @di RABing MNIAPRERRY ik At @ ligdhioRbahd ON
curve was used to cal culate the concentrati ons of BSA and nyogl obin from

t he peakenaineasn. [ 00114] Two-stage CTC Experinent: A punp drives
concentrated slurry fromthe feed tank to 1st static m xture where it gets
m xed [08kIT] t heFinpléy;, mbét e Sveneanhak bemp2hichlaip koew afid dxemribeipdith efeicnce ap parigplad at e
ratio. The 1st static m xer provides qood m Xi ng between the concentrated

f r esh cpbfipen’s thereply ital by pderpeqdrimdhase Stlled Enfie rofT 2aeEPuh ober shgngds e the fantngl ong
with the sufficient residence tine. The well-mxed diluted slurry from 1st
ot at i QO PR e RSBttt o Ui e S e B 0B ¢ v
streans: concentrated resin slurry as retentate stream and resin-free
pernmeate stream The perneate streamfromthe 1st hollow fiber nodule is
collected in the tank as either product or waste. The retentate stream of
1st hollow fiber nodule enters the 2nd static m xture where it again gets
m xed with fresh buffer (in case of washing or elution step) or feed
protein solution (in case of binding step) in an appropriate ratio. The
diluted slurry from2nd static m xture enters the 2nd hol |l ow fi ber nodul e
and gets divided in

18



to two streans: the retentate stream which consists of concentrated resin
slurry and resin-free perneate stream The perneate fromthe 2nd hol | ow

fi ber nodwbeoigiodirect ed towards the 1st static m xturepémiuseomier2set ent at e
is collectedin a separate tank for further processing. Hollow fiber

menbr ane nodul es were used in constant flux node using a two-channel
pernmeate punp and pressure drops along the nenbrane as well as across the
menbr ane were nonitored using pressgigﬂﬁ nsors. [00115] Results: Conplete
separation of the binary protein sy §BSA/nyogIobin) has been achi eved
with BSA purity of 99.5% and yield of 93% Theoretical nodeling and

exper i meWhals chgeedlit s were shown to agree within 5% [00116] Accordingly,
whil e the nethods di scl osed herein have been descri bed and shown with
reference to parfdieu b toutpeirhl 0RsiRRRbOEERILY, Bondripad: t i cul ar order, it wll
be understood that these operations may be conbi ned, sub-divided, or
re-ordered to fadrsnng@gpir(&lefot recoptidfzad sipwisttitout departing fromthe teachings
of the present invention. Accordingly, unless specifically indicated
herein, the ordérst ae @20 dpinvgnsohe npe sgpior atth eresydled splgfiondromjafeqoad ingH of t he
present |nvent|on g 117% Finally, while the invention has been
partlcuI%?ﬂyBEWBWﬂm:ﬁ SHRSEMBYY with reference to partlcular enbodi ment s

thereof, it wlly, ? qei[o% 8%81;%¥ntrtatlh'§st§e ?Jé#bln <&flo dletﬂh\tM ﬁoc?urcé dt'éé A hALL OUS

ot her changes in orn1an out arting from

the spirjfer@ghes p@&ea@&l& e mofY et tﬁélstageﬁﬁlgem Ped ohPutpoheappended

cl ai ns. CLAI M5 6h is clained is: 1. A nodule for countercurrent tangenti al
ChronatOgraphyas@@ﬂ@ﬁhﬁUn@ﬁnanﬁtgm&w@ﬂpﬁ%m@@ﬁ&n@&@%&Iﬁ&fﬂb@@ﬂhMbﬂ@mﬂn i nput
solution; a first mxer (102) for mxing the input solution with a recycled
sol ut i onbutfeipivBondemanidrdimpprort PG i to prede) a onpmaduewwunafdi r st m xed output; a
stage | filter (104) for concentrating the first m xed output to produce
stage | retent 4t8¢ WHEF &) a‘ﬁe@nirana%%ﬁé%f?@ TR QPpHig PY?S%ISTégefIF HiffeKe stage

| filter a r 105 a second ng the
Linge 1 vEESadsbh iRt oBRTE kAR besthaRGER o T Lk nb i Hhec 0 tihs 19
sol uti Onexﬁtg tﬂmngdﬂemoﬁl%el s{agé"ﬁ ﬁlﬁ:?(ll& (h;]rg)gl.)tpurt &mR[(@Sjuce a second m xed out pl'It

and a stage |1 I'ter for concentrating the second m xed output to
produce stage II retentate

2. The module of claim 1, wherein the input solution comprises resin and unpurified product

solution.

3. The module of claim 1, wherein the stage I permeate is waste.

4. The module of claim 1, wherein the stage I permeate is product.

5. The module of claim 1, wherein the second mixer (106) receives clean buffer solution.

6. The module of claim 1, wherein the second mixer (106) does not receive clean buffer solution.

7. The module of claim 1, wherein the third output port (109) is connected via a pump (112) and a

three-way valve (111) to the second input port (103).
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which exits the nodule fromthe stage Il filter via a second output port
(110), wherein stage Il perneate exits the nodule fromthe stage Il filter
via a thiwoouwpod77port (109). 2. The nodul e of clai m 1pCriuse@on2t2be i nput
solution conprises resin and unpurified product solution. 3. The nodul e of
claim1l1, wherein the stage | perneate is waste. 4. The nodul e of claiml,
wherein the stage | perneate is product 5. The nodul e of clain11 mherein

the SGCOgId m X%{IC\% do 1% of crlaelr(r:l V}//heersem(%he g%‘}?%&%lger (l?lg Els an outeuq fr8 e ae rt]h OfltF)

claim 1, "wherein econ m-xXer recei _
solutlonmm%uw{ ?n@ﬁn tﬁkgb%jm&@§£ghg the third output port (109) i's
connected via a punp hree-way val ve ( 111) to the second

i nput port (103).8. The nodule of cIa|n17 wherein the three-way val ve
(111) sends an output fromthe third output port (109) either to waste
(113) or9to théhsegoRdf daputwhpeintthe(shk@3)flteq104T e tirpded 1efilef (1608)aicnangsntisiher ei n
the stage | filter (104) and the stage Il filter (108) are tangential flow
filters.flovgfiltehe nodul e of claim 1, wherein the first nmixer (102) and the
second m xer (106) are static mxers. 11. A system for countercurrent
tangenti al chromatography, conprising: a nodule for countercurrent

tangent'gJtCthE?%ggk%RQ%m1?\hk&%f @%H@x %ﬂﬁh%§9%?w&%dnﬁ&91bQﬂHJ§§fso4)

connect e i nput port I nput tan

for storjpgsunpurified product solution connected to the first input port
(101) of the nodule; a punp (112) and a three-way valve ( 111)

i nterconnecting a second input port (103) with a third output port (109) of
the nodul e; a second resin tank (325) for storing resin connected to a
second oUt put powtten{ d@yntafurreh eangrpichl Praompitcgraphypepmprifi223) and a t hr ee- way

val ve (317), and connected to the first input port (101) of the nodule via
a punp (313); a module for countercurrent tangential chromatography;

a first resin tank (302) for storing resin connected to a first input port (101) of the module;

an input tank (304) for storing unpurified product solution connected to the first input port (101)
of the module;

a pump (112) and a three-way valve (111) interconnecting a second input port (103) with a third
output port (109) of the module;

a second resin tank (325) for storing resin connected to a second output port (110) of the
module via a pump (323) and a three-way valve (317), and connected to the first input port (101) of the
module via a pump (313);

a product tank (309) for capturing purified product solution connected via a three-way valve
(307) and a pump (306) to the first output port (105) of the module; and

one or more buffer tanks for storing buffer solution connected to the third input port (107) of the

module via a pump (314).

12. The system of claim 11, wherein the module for countercurrent tangential chromatography
comprises:
a first mixer (102) for mixing an input solution with a recycled solution from a second input

port (103) to produce a first mixed output;

20



a product tank (309) for capturing purified product solution connected via
a three-way valve (307) and a punp (306) to the first output port (105) of
t he nodulwo 2arvdiooste or nore buffer tanks for storing bufPCerssabworizes
connected to the third input port (107) of the nodule via a punp (314). 12.
The system of claim 11, wherein the nodule for countercurrent tangenti al
chr omat ogr aphy conprises a first m xer (102) for nixing an i nput sol ution
with a recycled am a s cond. i 03 duce a first
i xed ot put + & segub iR BT e g BBhkufl bed SoTbuet A e d

out put t@he%Ps%Q £ e%e@:g%m s tﬂe%oglﬂg ﬁ'&ﬁ" the\é\fg&rl?lltg} Vﬁtaqgé% OL!LtpL{? E(gr{T(g@St gongé%'te[i §1at he .
nodul e fromtheée s?age lter via a first output port f connected vi a
a punp (%ﬁ%(%ﬁn@ath%%yw(%&th&e(;ﬁ@;@tarﬂ{Q3d9be product tank (309); a
second m xer (106) for mxing the stage | retentate fromthe stage | filter
(104) and an optdconalixdo(Dé)der n§:0hatbd soie Fretomtafrdniihe dagk hlet (1pO L 4 DPGOhalt O
produce a second m xed out put, wherein the second input port (107) is
connect ebiieipsotipen figrea bird ot @obUPDée Podink s seoard ahiied Sptagyeviereinfthd seeopd pe8) f or
concentrating the second m xed output to produce stage Il retentate which
exits th@“%ﬂ%h?8“??8ﬁ¥¥%§m%?éﬁﬁﬂwggﬁ?*%@w’V|a a second output port (110),

wherein st age | lstag Tigg% (ﬁ)]%gf& E\lgﬁlce‘iqpagm g"ééc nd 195@0 % tt§$ﬁ Cﬁestlrag ﬁ !‘eﬁe%tratew aa

third output port e sys aim conprising: an

addi t i onghicCQUNMNE FbdHie! BT thi ﬁ%@ eiNtiicAtia § @Jcm%@wpa@ M 0)S (WvBGEN GEUNT heithAg @
third mxer (530) and a third filter (532) for increasing efficiency of the

system &ds thdmomtchooh theGtag LD LI €k € third @ngut poarygent i al chr omat ogr aphy,
conprising: receiving an input solution froma first input port (101);

m xing the input solution with a recycled solution froma second i nput port
(103) to produce a first m xed output; concentrating the first m xed out put
to prodube st Rgevieryabelapylatiarhoydompesng’ st age | perneate exits via a first
out put port (10

an agalflonal countercurrent tangential chromatography stage comprising a third mixer (530) and a

third filter (532) for increasing efficiency of the system.

14. A method for countercurrent tangential chromatography, comprising:

receiving an input solution from a first input port (101);

mixing the input solution with a recycled solution from a second input port (103) to produce a
first mixed output;

concentrating the first mixed output to produce stage I retentate, wherein stage I permeate exits
via a first output port (105);

mixing the stage I retentate and an optional buffer solution from a third input port (107) to
produce a second mixed output; and

concentrating the second mixed output to produce stage II retentate which exits via a second

output port (110), wherein stage Il permeate exits via a third output port (109).

15. The method of claim 14, further comprising;

an equilibration step including flushing with a neutral buffer before a binding step.
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m xing the stage | retentate and an optional buffer solution froma third

i nput port (107) to produce a second m xed output; and concentrating the
second mweadooutopiry t o produce stage |1 retentate whi chpexiusgomwioar2a6 second
out put port (110), wherein stage Il perneate exits via a third output port
(109). 15. The nethod of claim 14, further conprising: an equilibration
step including flushing wwth a neutral buffer before a binding step.16. The
met hod o{ clalq% t further conpri ses: punping the

ei n in
resin froma fipe Tam)sf%m éﬁ%’gﬁ ﬂ?ﬁmg ém?uﬁmfmn “Product at appropriate

flow rates; di geardiNg.AefAEALS d&h o ald the%@]a@ﬁe@pﬁodw@%@asm%aﬂg 69 ka!te@ct i ng
the resin mnth bound product 1 n a second res he net hod of
claim 14, wher @istrdi3@eBEhi:d10a15188 of Wiostehan conprises: flushing with the
washi ng buffer; punping the resin with bound product into a first stage,
wher e the resi moliastink thb @sinditpba@ddigddummixescon tekin ragicycl ed washi ng buffer from
a second stage; collecting the washed resin with bound product in a first
resin tank; and discarding perneate fromthe first stage as waste. 18. The
met hod of cla|n114 wherein the elution ste urther conprises: flushing
with el utfon bJ??%?mﬂBEﬂ%?ﬁﬁ“@ﬁ@n fesr mﬁﬁﬂﬁgﬂﬁhﬁﬂmﬂ?%duct into a first

stage, where t i product m xes with recycled elution
buffer froma ?%%gﬁghg?ggéﬂmggrggctlng perneate fromthe first stage as the

purified produ %ﬁmpn%ntﬂe £0h Lagbing pltoh&t F®Sd fstl sBe@ vR&E @1 QGsrnexﬁ{hrboﬁlﬁrﬂfoduétg The
met hod of claim 14, further conprising: a regeneration step during which
t he resi fixksSvithe@ad@dvaiiide blfttd §8m bk Becendit cycl e. 20. The nethod of claim 19,

wherein the regeneration step further conprises: flushing with regeneration
sol uti on; collecting the washed resin with bound product in a first resin tank; and

discarding permeate from the first stage as waste.

18. The method of claim 14, wherein the elution step further comprises:

flushing with elution buffer;

pumping the resin with bound product into a first stage, where the resin with bound product
mixes with recycled elution buffer from a second stage;

collecting permeate from the first stage as the purified product; and

collecting the resin in a second resin tank.

19. The method of claim 14, further comprising;

a regeneration step during which the resin is cleaned for reuse in a next cycle.

20. The method of claim 19, wherein the regeneration step further comprises:

flushing with regeneration solution;

pumping the resin into a first stage, where the resin mixes with recycled regeneration solution
from a second stage;

discarding permeate from the first stage as waste; and

collecting the resin in a first resin tank.
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punping the resin into a first stage, where the resin mxes wth recycled
regeneration solution froma second stage; discarding perneate fromthe
first stayoeam/maere; and collecting the resin in a fir®CTrussemw/ezek. 21.
The met hod of claim 19, further conprising: an additional equilibration
step including flushing wwth equilibration buffer after the regeneration
step if additional cycles are required. 22. The nethod of claim 19, further
conprising: a stor ep.including flushing with storage solution if the
resin redui res%é%%%g)ggfctlanglé,?ur!hercom 18ing:

an additional equilibration step including flushing with equilibration buffer after the

regeneration step if additional cycles are required.

22, The method of claim 19, further comprising;

a storage step including flushing with storage solution if the resin requires storage.
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