WO 2009/099375PCT/SE2009/000063 Title: Method for production of separation media Field of the
invention The present invention is within the field of chromatography. More precisely, it relates to a 5
method foMYfPotiididis Bf separation media using a so called Spinning Dis®@¢&ERley§0MMzrein the
porosity of the beads may be selected in such a way that a desired biomolecule may be separated
from a complex sample. Background of the invention 10 Within biotechnology, one of the most widely
used sepiiatidrimetforsrisiohiiomafegrapitioniederm chromatography embraces a family of closely
related separation methods. The feature distinguishing chromatography from most other physical and
chemical methods of separation is that two mutually immiscible phases are brought into contact
whereiriteid phﬁselisrstﬁ:imary and the other mobile. The sample mixture, introduced into the mobile

phase, der a series 150f.jpter, artitions between the stationary and mobile phases
as it is gg‘n& Yﬁ%@&h the{gﬁéﬁﬁ?@ﬁg TEIOHAR ylﬁ@é’?ﬁ(ﬂ%% Toledifeteices in the
phﬁlcmmiéfmq&bﬁmneﬂmepMIGQmmedﬁﬁmiﬁlgﬁatb@ m@ﬂﬂeg@ﬁ&&mgpw&@ﬁp rate of
migration of the | u mponents erthei | uence moblle hase moying through a
column@orﬁamln% ﬂfg%tagfg %%a%/a E’gs dfé’fel Sﬁﬁﬁ‘é 2’ keé’ﬂfé?%}’olé‘i’ 20
dependmngamtidonte metiplevatmitie, statlonary phase. The Ieast retarded component elutes first, the
most strongly retained material elutes last. Separation is obtained when one component is retarded
sufficiently to prevent overlap with the zone of an adjacent solute as sample components elute from

the coIthk@Soﬁhd Ohllhmhi‘@grﬁphic methods suggested up to date are based on different modes of
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first, the most strongly retained material elutes last. Separation is obtained when one component

is retarded sufficiently to prevent overlap with the zone of an adjacent solute as sample

components elute from the column.

25  The chromatographic methods suggested up to date ere based on different modes of interaction
with a target. Thus, for example, in ion-exchange chromatography, the functional groups are
permanently bonded ionjc groups with their counter ions of opposite charge, while in
hydrophobic interaction chromatography (HIC), the interaction between the stationary phase and
the component to be separated is based on hydrophobicity. Other chromatographic separation

30  principles are well known to the skilled person in the art.

The station_ary phase, also known as the separation matrix, comprises a support, which is
commonly a plurality of essentially spherical particles, and ligands coupled to the support. In

most separation matrices, the support 1s porous to allow a larger amount of ligand and



3.8 (Tipp) 1/2 d - (1) co wherein d = drop diameter, D = disc diameter, co = angular velocity of disc, T
= surface tension of liquid, and p = density of liquid For separation of biomolecules, by
chromatographic and batch-wise procedures, the porosity of the beads is very important. One
advantage of polymeric media is the opportunity of gbre size variation over broad ranges. A general

rule, whighis. accepier Jty sHaRe v the Jisrastra. 5 égcﬁi%%ma@!amé% 98 ﬁ%%ﬁ%?@&%%%%ﬁl

molecules. Mass transfer in these pores is a result of diffusion processes an convection. It
would bertegithabiard oreaine heradieyiontivatideronay dre migdudestib atiombrobidiifereet sctive
medium 9 MAOHIC!IHOY ALAdaoRe BeAdsOH S, RIS RisadechnaiomeJlaiguld be
desirable to use a procedure by which the bead porosity cotld be optimized to exclude molecules
exceeding a certain chosen size, for example monoclonal antibodies. Summary The present

disclosurprgyifies amethadaimed neantalling e sabIiMLBIRCMSdIBMNGL,

maximizes the bead interaction for small molecules penetrating the beads ahd minimizes

interactid® YoEArardorse (tdonshpesniteatindptiei blgleomdiioneaid aretpfessthbfll thasddeolayarose
and the groduglion REBAESS QTLRRINYINGRISE M dia 'ﬁﬁ&%@%%t@&mgngg%% @%mi GFasity that

excludes large proteins, such as monoclonal antibodies. 3 Humanized niohoclona odies (mADbs)

hold sigrifeaie srerfdeteborsishani distcals Daehioseiingdriantshandegieffageddndneg purification
of mAbs J5 theinseRaraion o heshealprale) '?§&H&%ﬁ)igﬁéﬁgeﬁﬁﬂiﬁﬂg.uﬁ@a%%dtﬁmf?Sent

disclosuré enables the separation of pure mAbs from unwanted HCPS. Preferably, the Spinning Disc

media is(NyaierpPobsEeerteita SolodN8dYid rissdrA b SothB. h2add lobilineandlodede SpltmntPndsc
procedurg £oRSUE G50 & A dhehaacs ARk Aifl-ar QVIGE I@é{iea&iggz(l@?ther composition than the

core covers the core. In a first aspect, there is providéd a method for selective production of polymer
beads in a SPIRNIREDISE pracedure, wherein the beads have a porosity that prevents molecules larger
than 150°000 g/mq} to diffus@z into the beads, comprising the following steps: a) feeding a 4-8%
polysaccharide solution, which has a viscosity within 350-450 mPas, at 65-75C to one or more
spinning"BRSEERt 3001-3010 rpm to form polysaccharide beads; b) capturing said formed

polysacchariggbgads-ierarsaniinghaihs: wherginthe pamsily#idhe Rolsassharids Reaesdsia,
controlled by varying the temperature of the capturing between 15 and 27C, preferably between 17.5
and 24.604THe &oie pakiaméters are essential for controlling the porosity of the beads to the desired
limit, i.e. a limit that provides molecules larger than 150 000 g/mol, such as monoclonal antibodies, to
diffuse into the beads. The polysaccharide beads are preferably selected from agarose, carrageenan,
dextran, By v apeein bivarelranasgbliadiomateemnphiSuod palysacsh aricssiens Khowortsifg
physical dinked.net taneo 9]'”29.[ P WL ride beads
comprislegl1 agg%rﬁc?séeﬁand the\%%gé%tgg%lutionﬁ%t%gﬁg IS a 40- Ié%?%%%eegg&%@?%%@gg%%f ution at

65-75C, Yradabiy eippiond ety 708 naich mlvicebsily inawinpsBtn60 ghid shp Hstertibly BI7-4R1
mPas. \WO:pPQMUPRRSL E&I@E—?&Q%ggﬁ%é*cﬂz@ﬁ{ﬁ&b&a%ﬁfﬁﬁ%@% ﬁ&%%i% RIbgEsharaide

solution in step a) to said one or more Spinning Discs is at a rate of 120-17/0 inLimin
diffusion processes and not of convection. It would be desireable to obtain a porosity with a

narrow pore size distribution to obtain a selective medium. In the manufacturing of agarose
beads using the Spinning Disc technology, it would be desirable to use a procedure by which the
bead porosity could be optimized to exclude molecules exceeding a certain chosen size, for

example monoclonal antibodies.

Summary

The present disclosure provides a method aimed for controlling the porosity of Spinning Disc
media, which maximizes the bead interaction for small molecules penetrating the beads and
mimimizes the bead interaction for larger molecules not penetrating the beads. The media are
preferably based on agarose and the production process of Spinning Disc media is optimized to

obtain beads with a porosity that excludes large proteins, such as monoclonal antibodies.



In a preferred embodiment, the polysaccharide solution is activated, such as activated by CNBr, 5
N-hydroxy-succinimide esters, divinylsulfone, epoxy activation (for example allylation and bromination,
as described in the examples below) or by any other activation method known to the skilled person in
the art. The polysaccharide beads may be cross- ed3after step b) to obtain more rigid beads 10

Preferably, the, pelysasrhasids Qﬁ%ﬁ%@%ﬂ@ygfﬁglwmﬁﬁaﬁ 5%Laeyafﬁiggﬁmspe%cmsmsfe”ed

embodiment the polysaccharide beads are allylated and partially brominated and NaOH treated to

form a lidnost thepedtadiydaesn fHgd behdousipasiarapindhes soteiboipsaethafivetwstsdre
providedyiigmee.pil the dchisutat iU W il IGROS e I eres R AT gRRolecules

from reacting with the ligands on the core polysaccharide beads. This is an advantage in that the
mobile p @ﬁﬁ%@é‘i‘?@é@fmﬂ@Bﬁtimize the interaction between unwanted proteins and the core
ligands, and in that there is not risk that the wanted proteins are captured by the core ligands. Thus,
any mobile phase may be 20 selected for chromatographic separation or any supernatant for

batch-wiS&ctapaiatiba Spoésaiise medadtdratis iesreahioeshgatiehhd mdigriondetdrrats
antibodies) aandedatally gliminaiestsd pisdsrdtisremtaparoash hemLHlRIyhariB biggesired to

capture the large molecules within the pores. It was surprising that the present inventors could End a
porosity tREeXANIESTHERORATTIEE fhsvh tharreicsisieciiosdrea very precise way, i.e. no overlap of
wanted 25 molecules inside the beads or un-wanted molecules in the flow through or supernatant. Any
type of ligand may be coupled to the core of the beads, such as anion exchange, cation exchange,

affinity, HjdrdBHoBREfHtERSBPEAMH commhadion wiesorTredigings hrejyopticrary Becprovided
with ext%}ﬂﬁﬁ%g%B&q;%@éauré,h@ﬂ&@;m@5@&@%&%}9@4@2@%&@&5%{&%@&19@{@%, the
|

ion exchagé;ra ligands are weak anion exchange ligands provi with extenders, to incréase the

distance ¥OrH & Bt s dibarrdabdhebuds aasmytshndoldovipeoveraccessibility to the ligands as
well as to increase Jigapgislansiiysof 1B12:38IPRMESPRSh-ANGE i RIQWdRd & seRAIRtioNsMegi

comprising polymer beads produced according to the above method. In one émbodiment, the ligand is
an ion exchanger. PrefePabiyt §3weak alfi o exchse s vitkes AR Hn3SHem to fompreferred
embodiment, the polyspechiatidsig.agamse and the weak anion exchanger is DEAF and the extender
is dextran. In a third aspect, there is provided the use of the separation media according to the

disclosure for chrofaiapmE $ibitensire vesahatidn brdednacr tommarbalbshsreiribesired

porosity of the polysaccharide beads is controlled by varying the temperature of
the capturing between 15 and 27°C, preferably between 17.5 and 24.6°C.

The above parameters are essential for controlling the porosity of the beads to the desired limit,
1.e. a limit that provides molecules larger than 150 000 g/mol, such as monoclonal antibodies, to

diffuse into the beads.

The polysaccharide beads are preferably selected from agarose, carrageenan, dextran, alginate,
pectin, starch and galactomannans. Such polysaccharides are known to form physically cross-

linked networks spontaneously on cooling.

Preferably, the polysaccharide beads comprise agarose and the agarose solution in step a) is a 4-
8%s, preferably a 6% agarose solution at 65-75°C, preferably approximately 70°C, with a
viscosity within 350-450 mPas, preferably 397-421 mPas.

For purification of monoclonal antibodies, a porosity is selected that prevents molecules larger

than 150 000 g/mol to diffuse into the beads.



biomolecules. In one embodiment, undesired molecules diffiise into the beads while the desired
molecules do not. In this case the desired biomolecule may be IgG or monoclonal antibodies or other
large and d¥QiR88PIIRIFT6Iecules, such as virus or plasmids. The disclosureHE TBE2&i0065 to
bioprocess applications, such as purification of mopoclonal antibodies, but may also be used for
sample preparation, for example proteomic analysis of body fluids. In an alternative embodiment, the
desirec>refietiie sheifiusitnintd shel peldnwhiteifesolidesiradstp aptolsaifiencagannee dsmsdgmolecules
are low_abundant proteins wi ular, weights < 60 000g/mol, such as biomarkers. The low

abund fﬁ%?érﬁn%%?g i Oﬁ?ﬁ]@?%{gﬁ%% for example 2D electrophoresis and preferably analysed
using LC-MS. Brief description of the drawings Fig. 1. Schematic drawing illustrating agarose bead

formatipn using Spinni isc technology. Dome = glased.space suyroundin [ .
Capturg&:a Fﬁ?#e%nggg% an%/\/ |8I?ﬂ$egxgce% |6‘%gg?:lt%lg.nl‘—lfg%cﬁvﬁ%str%%%na%%éﬁe%éf%%\g tieoir?%%d ligand
(THA NHNSE6E3) Shadniplidg grecedivefdnShinging@isediratien fotehamesi€rlly@andd)3, see
below), WQ 2009/099375RPCT/SE2009/000063.6 Detai d?qrf iQti ' j formation
of agar %Oé%%a{i%aosnu%slr%ge %%:Dner% r% TSC Techin %%)6919, t égr%?[’a [ g%s%pée%e%%g %%Qﬁnl%%ﬁg%?%é%%?e for
achievitig bieididd néthondriaie sizes. While the cross-linked beads are aimed to be used for separation
purposes, the gelation mechanisms of the beads are of interest, 5since the final gel structure defines
the porosity. It is well known that a fast cooling rate of an agarose solution will lead to a phase
separafibe pelpecimyidp prediaiiey dm ormstslofiedieftd sigydateiszireniormdgiddsdng in a poor
porosity. The pore size in a bead is also dependent on the used concentration of the agarose solution.
The pore size increases as the concentration is decreased. 10 EXPERIMENTAL PART The present
examples:faeljiyo thdqebfrmittistrsdtvzeplr pospovidyd arith Shibuld mstbleswa sfierstepstiniiting the scope
of the present inventign as defined by the appended claims. All re ' and
elsewhgfg%eﬁﬁr ee%}eosen egf)déﬁcef c%gi%%c%%g]hc%ﬁg%%(/a?n%ﬁ g@?ﬁtg ée?ﬁ%égr%g&rj? c?(e%l‘r\{lg%%?p (;H 1:
PreparaiaDibf8gpinhindobise hnkokiah2@6% paizsesehsoidtibemisere used as starting material.
Temperature, cooling rate, viscosity, speed and agarose flow rate (to the disc) were investigated with
respect to the porosity response. A schematic picture of the Splinting Disc procedure is depicted in
Figs 1 (prigferit)y Bkperiragotabaccharide beads are provided with ligands, but the lid is not provided

with any ligands. The lid prevents the larger molecules from reacting with the ligands on the '

| core polysaccharide beads. This is an advantage in that the mobile phase can be chosen to

- optimize the interaction between unwanted proteins and the core ligands, and in that there is not
risk that the wanted proteins are captured by the core ligands. Thus, any mobile phase may be

20 selected for chromatographic separation or any supernatant for batch-wise separation. For

example, the interaction between the ligand and IgG (monocional antibodies) can be totally
eliminated. This is a different approach than prior art wherein it is desired to capture the large
molecules within the pores. It was surprising that the present inventors could find a porosity that
excludes non-wanted from wanted molecules in a very precise way, i.e. no overlap of wanted

25 molecules inside the beads or un-wanted molecules in the flow through or supernatant.

Any type of ligand may be coupled to the core of the beads, such as anion exchange, cation
exchange, affinity, hydrophobic interaction or any combination thereof. The ligands may
optionally be provided with extenders.

30 Preferably, the ligands are ion exchange ligands.

In a preferred embodiment, the ion exchange ligands are weak anion exchange ligands provided
with extenders, to increase the distance from the polysaccharide beads and the ligands and to

improve accessibility to the ligands as well as to increase ligand density.



25 The Spinning Disc apparatus was manufactured by ABB Industriservice according to given
specification (see below): Steel quality: SS 2343-02 (for all specified items)  Polymeric materials:
PTFE, polycarbonate (dome protection), EPDM (Ethylene Propylene 30Diene Monomer), silicon
rubber. Dome height: 900 min Capture basin diamefer: 2400 mm including water drain channel

Capture hasipSIRRes H,Wﬁ@éfy%ﬁédaa% jse AR 200 GenaTal sisedbickness:
maximum 5 2 mm WO 2009/099375PCT/SE2009/000063 7 Disc thiclmess at edges- 12 4 trim
includingassdngie thesskppraasthedcBhipssnoierahiberl gridstanfor rychanasarSsdaahition): 73

mm Up%ﬁg%w%w§§g%mmg{gpam@éﬂm Number of distribution needles: 6 5 Inner
diameter of needles: 0.7 nun The agarose solution was fed to six discs via needles By using six discs

instead &f grigcteiaed senkadieeahdbgPehsarihrrTisdsasarose Auliinaccakeanin S4eNanes &f the six

discs. Thissmeans thatihe,head sizg-Qriginating from each disc is the same. The speed range of the
discs was adjusted 10 within 3001 -3010 rpm and the relative humidity in the dome was 100%. If the

relative humidity is less than 100% there is a risk that water will be evaporated from the agarose

drops. Allylaterd6%agatrse sYHigasadivsied tae2ch &wish Mssasities-witbin, 307 2l mRag were

used to feed the spinning discs. The flow rates of the agarose solutions to the discs were adjusted
betweenchpumnateeraptin iy, brfrd cxisturePiati ek st el rsetiiesh i ssiEed 1524.6C. Five
prototypgs,wele-preduced and the porosities of the beads after cross-linking with epichlorohydrin are
presented in Table 1. The porosities of the prototypes were estimated with different dextrans and the
void volumes were obtained using blue dextran 2000. The Spinning 20 Disc prototypes were produced

to obtainpgrRsiigs, hiakRL AW R MENQMIRb UiEOReNBE B dhsRaads. dlizdsansdiial mplecules
with molecular weights exceedir:ggpproximatelylSO 000 g/mol should not diffuse into the beads.

25Table ot Tk Fosfib A dierapicaelerary tanddoksmoramterehtgbpdisrer other large

and desired biomolecules, such as virus or plasmids.

The disclosure is not restricted to bioprocess applications, such as purification of monoclonal
antibodies, but may also be used for sample preparation, for example p.roteomic analysis of body

fluids.

In an alternative embodiment, the desired molecules diffuse into the beads while the undesired
do not. In this case the desired molecules are low abundant proteins with molecular weights <
60 000g/mol, such as biomarkers. The low abundant proteins are then further purified on for

example 2D electrophoresis and preferably analysed using LC-MS.

Brief description of the drawings

Fig. 1. Schematic drawing illustrating agarose bead formation using Spinning Disc technology.
Dome = closed space surrounding the falling drops. Capture = water filled basin in which the

gelation occurs.

Fig. 2. Illustration of the activation and ligand (TMA = -N"(CH3)3) coupling procedure for
Spinning Disc beads (prototypes Q1, Q2 and Q3, see below).

Fig. 3. An illustrative picture of prototypes substituted with DEAE-dextran (DEAE-DX) in the

core of the beads.



Disc prototypes (A-E). 1 The volume of dextran standards, Vo = void volume and Vc = geometric
volume of the column. WO 2009/099375PCT/SE2009/000063 8 The patrticle size of choice for all five
prototypes%gﬂf%gaf‘ﬁs 5 um. Three of the prototypes (A, D and E) in TabE SR 8830 produce
media for capture of proteins with a molecular weight less than approximately 70 000 g/mol while
larger molecules such as immtmoglobulins (human IgG) should not be able to diffuse into the beads
and iniehetioptHerraingiond HheiBYIED of the beads. Example 2: Preparation of strong anion
exchapgenedia haseskap-sppingRise pepdstestretancrpitothashesidemiels 10 Volumes

of matrix refer to settled bed volume. Weights of matrix given_ in gram refer tq s %on %?/ weight. It is

under<TBBErtARE YRESR FTaTReEAT RSP YIS SRUHB A TS e BT e TS Aiiatfons, reaction
stirring,iskefesring e Asusaendesh melRksivenslismnsine hpmse plinpenathansitieeis, prompt to

damage the beads. Small-scale reactions (up to 20 ml. or g of gel) were performed in clgsed vials and

stifringFraserdecingd EelsBraiur AeiipeaiR P TN R MEHLIRNTHJRE Wdre! GeRUYFRE SAlysis of the

functiogaliysandithedesreinaionehibedraneniatationampedsaiomandbe tedeedof substitution
of ion exchanger groups on the beads In Fig.2, the g rf_gal synthetic procgéilérjgf)dﬁgjict d for creation of
- t

a OH-IRBEFEHAR MR SHESSHE IR ARRgERPrERRGS PARGEHATS) HRERE R Bk 8

presenggd,; 20 Ao Runaaiosrah P EabHReMliseeThigpat basad@paSRinsthg diseprattiyie A
Preparation of an OH-lid-ally! gel Allyl activation of Spinning Disc prototype A Spinning Disc prototype
A was Wﬁ@&%ith distilled water on a glass filter. The gel, 25 mL, was drained on the filter and
wgjghed into a 3- 25 necked round bottomed flask. NaOH (12.5 mL, 50%-solution) was added and
mechanical stirring started. Sodium borohydride, 0.1 g, and sodium sulphate, 2.9 g, were added to the
flask altRERIMENLIALLAIEDC on a water bath. After approximately one hour 27 5 mL of AGE was
added. The slurry was then left under vigorous stirring over night. After about 20 hours the slurry was

transferrgdia salassdiliasand he lsdodivsted: i o uashdewihi pceiit aoial dGY e 8onfiesjeswas
then washed with distilled water (X4E,, ethanol (x4

1she d distilled Wateé%(%ghe iyl gontent was then
determiFBHIBY TeaoRe 9690 RIGHFRE B BH0Y 5653 FEPED BS g WerethEF added with
a pipetigwarngodoae urSiiningir e paperexired ety mint lesdbyhieo! thiebhersin & yuaéeorsumed)
the gel was washed with distilled water on a glass filter.

Example 1: Preparation of Spinning Disc media

20 6% agarose sojutions were used as starting material. Temperature, cooling rate, viscosity, speed
and agarose flow rate (to the disc) were investigated with respect to the porosity response. A

schematic picture of the Spinning Disc procedure is depicted in Fig, 1 (prior art).

Experimental
25  The Spinning Disc apparatus was manufactured by ABB Industriservice according to given

specification (see below):

Steel quality: SS 2343-02 (for all specified items)

Polymeric materials: PTFE, polycarbonate (dome protection), EPDM (Ethylene Propylene
30  Diene Monomer), silicon rubber. -

Dome height: 900 mm

Capture basin diameter: 240b mm including water drain channel

Capture basin slope: 3°

Number of discs: 6
35  Disc diameter: 200 mm

General disc thickness: maximum 5.2 mm



The partially brorainated gel was transferred to a flask with water. NaOH (50%-solution) was then
added to pH >13 and the slurry were heated to 50C and left under stirring over night. After 5
approximat®§) WHESthe pH was adjusted to approximately 7 with acetRCAGEBOPYESition). The
gel was then washed with distilled water on a glassfilter. The remaining allyl content was then
deteimined by titration; 200 umol/mL Attachment of Q-groups to the core of the beads 10Q-coupling
(trimetAyisartivisbnassat higdeie) 2 #0mm1 indlddiigelf Gesiabe partial bronainated and NaOH treated gel)

was mgginistledaisainie alERERANIONOUR arP AL ling e haghn. Bromine ias

added urry emaining deeply orang lour. After 10 'minutes of stirring, sodium
formiatpapprossmataigmnrssrivascheabdrireighiveosiurry was completely discoloured. The gel was
then wag Q%g it distilled wateron aglass filter. 15 Drained brominated gel was weighed into a flask
and 5mLo ﬁ?lmefﬁaﬂammonium E(;:?ghloride (TMA-chloride, 65% aqueous solution) and 5 mL of 2 M
NaOH insstadidegteried piadiras tHemmadjusted to approximately 12.5 with NaOH (50%-solution). The
mixture was then left stirring in 50C over night. After 20 hours, the gel was washed with distilled water
and thergRlgride cARAGIOF RYGLNPE Qi wasdeterminasi Ry iration; L 00 R Ba8 IRk O, Dreparation
of prototypes 02 and Q3 based on Spinning Disc prototypé E and D, respectively Preparation of
OH-lid-aitlyhersrpageerpreBpintimeemeee gloro ype thearm oo saalaizbe vaxidiset SpinmagDibat
Prototyi e 2RI R RisGhsAiBRE R Was warhewithdistiled, @5@&@&@%&@%@(@3@9?, 100
mL,

mL, was drained on the filter and weighed into a 3- necked round bottomed flask. NaO

50%-sotdtion PRk ado b rapteRkedsaalety s tvimifiaitcdde Jomanvasdriffpd idkcodetivand sodium
sulphaig, 110 wekedonshin the dask aaddhe s heded i a0tk PR MR DAk. AflSk.

approximately'one hour 110 raL of AGE was 30added. The slurry was then left under vigorous stirring

over nigdtylatashk Shprarintatenitionssissted telGhy wad ithnivepriiipsordthinSS Titte! anBaneqse
adjusteghtoy %%&ﬂtﬁevgﬁlh&?glﬁ&%id.rf@oﬁ{%H}@sQﬁ*tW@ég%}%QewslﬁRﬁﬂﬂﬁ*ﬁQ%@é@%@%?f (x4), ethanol

(x4) and distilled water'(x4). The allyl content was then determined by titration; 292 umol/mL. WO
2009/094BEEGTsEP0S 000063 Y0180 e, WaBReHgEdIrReERIESK ek BODVAL &F distifed water
and 5 ggqgedm sulphate was added. 0.3 equivalents of bromine, 269 ptL, were then added with a
pipette during vigorous stirring. After approximately 5 minutes (when the bromine was consumed) the
gel was washed with distilled water on a glass filter. 5 The partially brominated gel was transferred to a

flask WW?I%E&%&%:%@%@Q%@%%P&M&% theneasidad dadld-sd3anchihe alurry was heated

to 50C and left stirring over night After approximately 18 hours the pH was adjusted to;ipproximately 7
with acecRleReigdue sotrrerntehangErtlad- them ROERHEES O RDE BIMOE WA SYe5h cALgRITER The
remainingraliyl cRIeH:WAS {H@Go‘i’@%miﬁt%dv@fé@%ﬁﬁd%ﬁ%@Bx%&b@@ﬂ@%ﬂﬁﬁépinning

Disc prototype D. Spinning Disc prototype D was washed with distilled water on a glass filtef. The gel,

56ML, Wigs BreRieBcs vaTe MsuEsHtneRIMEPHH S thatrelpHsUh S BaHerstP RARK INRORI At mL,
50%-sqitiggideapradsedanskmeshanicabsiifling flantedweipdidmBoRydrfes Brh e 19 Ds0sRHUM

sulphate, 5.7 g, were added to the flask and the
g/mol should not diffuse into the beads.

25 Table 1. The K,-value of five different dextran standards for different Spinning
Disc prototypes (A-E).
Kav"
value!
Mw Dx A B C D E

9890 0.655 (.645 0.655 0.638 0.666
43500 0.382 0.345 0.381 0.359 0.396
66700 0.276 0.241 0.284 0.256 (.292

123600 0.021 0.01 0.014 0.01 0.011
196300 0.013 0.067 0.009 0.009 0.007
! The K,-value vas calculated as; (Ve ~ Vo) (Ve — Vo) where Vi = retention

volume of dexiran standards, Vo = void volume and V¢ = geometric volume of the

column.



15 slurry heated to 50C on a water bath. After approximately one hour 55 mL of AGE was added. The
slurry was then left under vigorous stirring over night. After approximately 20 hours, the slurry was
transferred¥& 2YMEEFifer and the pH adjusted to around 7 v%'qh acetic aciB(BE¥PITALEE was then
washed with distilled water (x4), ethanol (x4) and gistilled water (x4). The allyl content was then
determined by titration; 330 nmol/mL 20 Partial bromination and NaOH treatment of allylated Spinning

Disc prBustypaicic Atylafeehoist T sLiveaswhesiresaifitd nksiah o Thres PH LG RERSE and Ig
SOdiurgéumﬁ 3% Peidled- Qe QR Rt QLN o ke WE R HREIL SRS i R piPEtte during

vigorous 'stirring. After approximately 5 minutes (when the bromine was consumed) the gel was

washetveiaties Sitle annersitenicdy 918 $99igsnot mBa MEsr BrolerHiRR 8GR AR HBIFERRIGPEHDD a flask
with Wﬂ%&l@%ﬂiéﬂ%ﬁ%%ﬁ@% then addesde Behalhanskihe sy was hsated a0k and left
stirring over night.” Atter approximately 18 hours the pH was adjusted to approximately 7 with acetic
achd (6084hsdiatidn). The gel was then washed with distilled water on a glass filter. 30 The remaining
allyl content was then determined by titration; 277 nmol/mL WO 2009/099375PCT/SE2009/000063 1
Attachment of Q-groups to the core of the beads Q-coupling of Spinning Disc prototype D (prototype
02). 10Enampr AinRreparFike ppenianteEchanaq aedia bated enppingingbiseheadse D) was

(

s -‘mk"

tolidsreclin sl o1 €FEH 12 : Ee-antEN O Eatet-SPH S =

mixed Wil ish\eg %{g’@g} ﬁ(}g@@g@g jyigorous overhead stirring took place. Bromine was added
until th& STurry exnibited ba persisient deeply orange/yellow colour, After 10 minutes of stirring, sodium
founiate (approximately 1.5 g) was added until the slurry was completely discoloured. The gel was

then waghed withr distiiedonater euiagiess ditehe Dininadstiominaied-asl wasaneigheddntefiask and
5 rut of trimethyl anunonium chloride (TMA-chloride, 65% aq(ueous solution) and 5 mL of 2 M NaOH

was ad¥EdvaisatpH ivaadersined e IR R RIS R I IOCEdoh YdRIBE AT Phe
miﬂur%\@fc&ﬁ%ﬂé,ﬁ&ﬁ{&@@dﬂé@% pueFrRighb M%db&%@,%ib@méﬂasﬁmsﬁﬁge\mm&aﬂed water

and the chloride capacity of the gel was determined by titration; 172 urnol/mL. Q-coupling of Spinning

Disc prowppba sHretniypecmsy ta damessr Brdsads g e A FTaay oS IR LR LY BISOH treated
Spinning Dige L iUAMREE ) asaxedwith siskiipdwaterdmie asberkamantyigareus overhead stirring

took place. Bromine was added until the slurry exhibited a persistent deeply orange/yellow colour.

After 16 amvenESsY saphngssuerr SO Aie MRl Rhite ircE gyaits & dHETrRERR Y was
complefelyidiseelopiadi-tag sbwasheriashrg witbrdistiiesvwater R a:ainssdiiteroahsBrained

brominated gel was weighed into a flask and 5 mL of trimethyl anunonjum chlaride (TMA-chloride,

65% adhebaaSoliide) ate SRE IR OrPeraLs daRiteshiop pSRaSIRE & Sfadtearth
approximataindd-SruiiiNaRHIAGY-Bekien): NRCRIXLIE WRscHie R feReSbkbngiibresented.

20  A. Preparation of prototype Q1 (see Fig. 2) based on Spinning Dise prototype A

Preparation of an OH-lid-allyl gel
AllVI activation of Spinning Disc prototype A. Spinning Disc prototype A was washed with
distilled water on a glass filter. The gel, 25 mL, was drained on the filter and weighed into a 3-
25  necked round bottomed flask. NaOH (12.5 mL, 50%-solution) was added and mechanical
stirring started. Sodium borohydride, 0.1 g, and sodium sulphate, 2.9 g, were added to the flask
and the sturry heated to 50°C on a water bath. After approximately one hour 27.5 mL of AGE
was added. The slurry was then left under vigorous stirring over night, After about 20 hours the
shurry was transferred to a glass filter and the pH adjusted to around 7 with acetic acid (60%).
30 The gel was then washed with distilled water (x4), ethanol (x4) and distilled water (x4). The
allyl content was then determined by titration; 262 pmol/mL.

Partial bromination and NaOH treatment. Allylated gel, 22 mL, was weighed into a flask and
80 ml. of distilled water and 1 g sodium sulphate was added. 0.3 equivalents of bromine, 89 uL,



50C over night. After 20 hours, the gel was washed with distilled water and the chloride capacity of the
gel was determined by titration; 182 umol/mL. 25 Example 3: Preparation of three weak anion
exchange WERE B pes DEAE Nth based on Spinning Risc prototypePE THREIGAIABH5 bf
OH-lid-allyl gel based on Spinning Disc prototypedE 30 Allyl activation of Spinning Disc prototype E.
Spinning Disc prototype E was washed with distilled water on a glass filter. The gel, 100 mL, was

drainedweretirerfitddeshetitheigipettindoring vigakes FoUMREDbSHEmRP ISR ACAOHBOEA (VdB%-solution)
was ad@g%%%@%ﬁ%&%@&j @g%@mgs Fegimherabyiides 04 gnand.seditm sulphate, 11.4 g,
ed to the ur

were a ask and the’s heated to 50C on a water bath. After approximately one hour,

110 miTof AGEallpbraniaod g 908 15mefrsH e dletovsd Peata Madld THe-saiviriagahen left
under r\%get‘{{ géf&ea%gngt ggsfaﬂ%te &fisy appraximaisly AR hoyrsdh %ﬁé@f%ﬂﬂ?g%%@?&é’lﬁ%%& glass

filter a e pH adj to around 7 with acetic acid (60%). The gel was then washed with distilled

wafer (spprethaniel (i) favasdtbeiidd wasedipayd Tharmrprématelt IuBhisentigeareiehiffed by titration; 292
iimoI/m&@tgﬁaﬂi%ggﬁm%ﬁ&g@&%%ﬁ%ﬁr&g{mg@%ﬁlIgﬁgega’g‘pyﬂrgép‘g Disc prototype E. Allylated
, W e

gel, 60 m S wel into a flask and 300 inL of distilled water and 5 g sodium sulphate was
added. Th8 wiicitged viwveanheas8on delwayiacd &y HansanwriGipnsételduring vigorous stirring.
After approximately 5 minutes (when the bromine was consumed) the gel was washed 10with distilled
water on a glass filter. The partially brominated gel was transferred to a flask with water solution.
NaOH @stashuuintioh Qnerounsriatiteedrs piHbe1Beads the slurry was heated to 50C and left under

stiging gg@iﬁ%-(ﬁﬁﬁmpp&mm&ﬁmaﬁ thambrwasadivsiqmhioarpIerimatahsd aith acetic

acid (6 n). The gel was then washed with distilled water on a glass filter. 15The remaining

allyl cohteRthiersiotbeelomssmaad pyth gl rstriBnmbakacmichesrBEREDRARTBEhe core
of the heads - Profgiyngs REAdQIphaeksl 3insY g84 dheRarialvbiprinated sadiaiidreated

Spinning Disc prototype E) was mixed with distilled water into a beaker and vggorous overhead stirring

took plasBeBidminutonnsiatire goditrie sigke axpnpremiclcl s eaa sdpnd SrEHEBHRIEY colour.
After 1Q,minptes of sfigng: sediumHoraiaie: @erraximaielid sigwasaddes itk ibeslirry was

completely discoloured. The gel was then washed with distilled water on a glass filter, 5 mL portions of

thes drafAesinsfobromeirericgaish e meeeditioeaskpadimbaitinydyipmmonium chloride
(TMA-chloride, 65% aqueous solution) and 5 mI of 2 M NaOH was added. The pH was then

adjusted to approximately 12.5 with NaOH (50%-solution). The mixture was then left stirring in
50°C over night. After 20 hours, the gel was washed with distilled water and the chloride
capacity of prototype Q1 was determined by titration, 160 umol/mL.

20
B. Preparation of prototypes Q2 and Q3 based on Spinning Disc prototype E and D. respectively

Preparation of OH-lid-allyl gel based on Spinning Disc prototype E and D

25 Al activation of Spinning Disc p;~orog)pe E. Spinning Disc prototype E was washed with
distilled water on a glass filter. The gel, 100 ml.,, was drained on the filter and weighed into a 3-
necked round bottomed flask. NaOH (50 mL, 50%-solution) was added and mechanical stirring
started. Sodium borohydride, 0.4 g, and sodium sulphate, 11.4 g, were added to the flask and
the sturry heated to 50°C on a water bath. After approximately one hour 110 mL of AGE was

30 added. The slurry was then left under vigorous stirring over night. After approximately 20 hours,
the slurry was transferred to a glass filter and the pH adjusted to around 7 with acetic acid
(60%). The gel was then washed with distilled water (x4), ethanol (x4) and distilled water (x4).
The allyl content was then determined by titration; 292 pmol/mL. l

35 Partial bromination and NaOH treatment of allvlated Spinning Disc prototype E. Allylated gel,



DEAE Dextran dissolved in 25 mL of water, total volume; 37 mL) according to the scheme 25 below
and stirred for 0.5 h at room temperature, followed by addition of 0 6 mL of 50% NaOH and 0.1 g
NaBH4, andQaMN§°4#'50C for 17 h. After washing with water,;0.5 M HC1 BGEHIEANA/ PO cr
capacities were determined by titration (see Table4). Prototype DEAE-I:1 mL DEAE Dextran solution

+ 9 nil, of water 30 Prototype DEAE-II: 4 mL DEAE Dextran solution + 6 mL of water Prototype
DEAE-f) mi.nvaDrsighebinian Saskitind 3000 0dBsdbxbrasy sEbdasobonssiripia WExample 4:

Prepargligniobuealicallan exdianass GO lol/RefQ Rrsaden SRR RiglabiRe A

Preparation of OH-lid-allyl gel based on Spinning Disc prototype A 5°Allyl activation of Spinning Disc
prototy pérANS gidistrap Dise pesehnpeinwess whesh i Wigmanstiied swatersedhy ask waeivashedgel, 25

mL, W%%%&%%&J'HE% wejghed into a 3- necked round bottomed flask. NaOH (12.5 mL,

50%-solution) was added and mechanical stirring started Sodium borohydride, O.légé and sodium

sutbhatéhemialie hyadigetdoctieva siaasiartne ©arfaficatth wwisp b pWaeEHD &R After an
equilibrgfionJime,ofAne heia 2d fiml 30 RGNS AdIRMERE SmmaRAhendgl ynder vigorously

stirring over night. After approximately 20 hours, the shiny was transferred to a %Iass filter and the pH

adjustenightadsirrcrrinmirasietic Bchopsoty rHhegetdizsah&nanpsraaaial dvithoeraingsikd), ethanol

(x4) angeistlladanaleT e e Ak GRRIH WS demaetesminarby A ation; 262 umol/mL. 15 Partial
bromination and NAOH treatment of allylated Spinning Disc prototype A. Allylated gel, 22 mL, was

weighe@hatsmdiaie sy lsomrnbrarsthireaifaieraedby s do preiéslas added. 0.3 equivalents

of,gromine, 89 uL, were then added with a pipette during vigorous stirring. After approximately 5
minutes (when the bromine had been consumed) the gel was washed with distilled water on a glass

filter. 20l flecaprivating pronimutailyes wdobmeskd rrairing Ask WREPWEEY. RECHBBbEEBIution) was

then adgleditoirbhzl 3A0githe shuryiwasdiested to whCiakRkeBstiringQveinigiinAfter@rproximately
18 hours the(g{H was adjusted to approximately 7 with acetic acid (60% solution). The giel_was then

washedeabsretneboremes dlask| MaGRid 2 STRE rEPaPREam MEsadedwik iherigRisthiieidy
titrationg2Q0-urgoiih e hiiasheent g}‘&ﬁ&'s@aﬁﬂﬁ &9191@&95@%}%&%@@@&9%&%%@ the

N-benzoyl-DL-homocysteine. 10 mL of drained gel (the partially brominated and NaOH treated

Sphning WiEdeHstbty PO 1K e Vs etk dist rearasimateko o Bakes A Wi Srabsvevefided stirring
took plage. Brapingwas addedwrtifieciEnSxbibitachReRBBRbproximately 20 hours, the

slurry was transferred to a glass filter and the pH adjusted to around 7 with acetic acid (60%).
 The gel was then washed with distilled water (x4), ethanol (x4) and distilled water (x4). The
allyl content was then determined by titration; 330 pmol/mL.
20
Partial bromination and NaOH treatment of allylated Spinning Disc proiotype D. Allylated gel,
10 mL, was weighed into a flask and 90 mL of distilled water and 1g sodium sulphate was
added. 0.3 equivalents of bromine, 51 1L, were then added with a pipette during vigorous
stirring. After approximately 5 minutes (when the bromine was consumed) the gel was washed
25 with distilled water on a glass filter.
The partially brominated gel was transferred to a flask with water. NaOH (50%-solution) was
then added to pH >13 and the slurry was heated to 50°C and left stirring over night. After
approximately 18 hours the pH was adjusted to approximately 7 with acetic acid (60% solution).
The gel was then washed with distilled water on a glass filter.

30  The remaining allyl content was then determined by titration; 277 umol/mL.



30deeply orange/yellow colour. After 10 minutes of stirring, sodium formiate (approximately 1.5 g) was
added until the slurry was completely discoloured. The gel was then washed with distilled water on a
glass fiIterWB%‘f’?ﬁ%‘%ﬁ@L-homocysteine thiolactone (3.64 g, 16.47 mmol) M%ﬁ%‘?&?{%’?ﬁfo a round
bottomed flask and NaOH (6 mL, 50% solution) apd distilled Water (38 mL)was added-during WO
2009/099375PCTISE2009/000063 14 stirring. The solution was then heated to 40C and was left
stirringiftiagtiens ob Rrigechprdmibaterr géf\%lfsh?ﬂftransferred to the solution (the pH of the mixture

was m@@é&gﬁﬁﬁgﬁﬁnﬂg%&% P18 WS sAIse D SQGnA beaanedmatehpadikiours the gel
IST

was washed wit led water on a glass filter (4x100 mL) The ionic capacity of the medium (see

structubeossnated ek NiaQHdtsaleh Frirming At Ptetot in dlinyes BUxedpveh dglilipditeniiBa 10

beaker and vigorous overhead stirring took place. Bromine was added until the slurry exhibited
5 apersistent deeply orange/yellow colour. After 10 minutes of stirring, sodium formiate
(approximately 1.5 g) was added until the shurry was completely discoloured. The gel was then
washed with distilled water on a glass filter.
Drained brominated gel was weighed into a flask and 5 mL of trimethyl ammonium chloride
(TMA-~chloride, 65% aqueous solution) and 5 mL of 2 M NaOH was added. The pH was then
10 adjusted to approximately 12.5 with NaOH (50%-solution). The mixture was then left stirring in
50°C over night. After 20 hours the gel was washed with distilied water and the chloride
capacity of the gel was determined by titration; 172 umol/mL.

O-coupling of Spinning Disc prototype E (prototype 3). 10 mL of drained gel (the partially

15  brominated and NaOH treated Spinning Disc prototype E) was mixed with distilled water into a
beaker and vigorous overhead stirring took place. Bromine was added until the slurry exhibited
a persistent deeply orange/yellow colour. After 10 minutes of stirring, sodium formiate
(approximately 1.5 g) was added until the slurry was completely discoloured. The gel was then
washed with distilled water on a glass filter.

20 Drained brominated gel was weighed into a flask and 5 mL of trimethyl ammonium chloride
(TMA-chloride, 65% aqueous solution) and 5 mL of 2 M NaOH was added. The pH was then
adjusted to approximately 12.5 with NaOH (50%-solution). The mixture was then left stirring in
50°C over night. After 20 hours, the gel was washed with distilled water and the chloride
capacity of the gel was determined by titration; 182 pmol/mL.

25

Example 3: Preparation of three weak anion exchange media (prototypes DEAE I-III}

based on Spinning Disc prototype E

Preparation of OH-lid-allyl gel based on Spinning Disc prototype E

30 Al activation of Spinning Disc prototype E. Spinning Disc prototype E was washed with
distilied water on a glass filter. The gel, 100 mL, was drained on the filter and weighed into a 3-
necked round bottomed flask. NaOH (50 mL, 50%-solution) was added and mechanical stirring
started. Sodium borohydride, 0.4 g, and sodium sulphate, 11.4 g, were added to the flask and
the shurry heated to 50°C on a water bath, After approximately one hour, 110 mL of AGE was



PURIFICATION OF MONOCLONAL ANTIBODIES BASED ON SPINNING DISC MEDIA DESIGNED
FOR CAPTURE OF HOST CELL PROTEINS A synthetic procedure for attachment of Q-groups
(-N(CH3)3Y48 #it&tPatécFin Fig. 2. 15The primary goal with the.test proced BF B8/ Yy that
proteins with a molecular weight less than ca 70 Q0 g/mol were able to diffuse into the core of the
beads while IgG was not able to diffuse into the beads at chromatographic conditions. Therefore, the
breakthddeghTtmpduitiesves thenSfinnider Digorproteiypss onstenisbted fvnapnitemaiehdiffdienssizes.
Four djfferent test proteins. (I BSA | ' imental The
media eﬁz Iy evézf%% e ,ev?/(ﬁ%%e% ea%:s"[s%1 g%%%%%ﬂﬂ%@g?%%ﬁ%giﬁ% %&ﬁ%)%?g columns and

the sarfgiitssdtigelwveas thempadhat avilbvdisitedwagenik/niatiarel Grirrnd disiisdmeisdifioration
ith b lution. The b t i [ 10% of the 25 ' UV detect
ot uffer St T BRHEOUOI ARRENINS HOLGIEH 810% of the 25 maximum LV detectr

signal € maximum signal was estimated by pumping the test solution directly into the
detector. The breakthrough capacity at 10% of absorbance maximum (Qbio%) was calculated

di he foilnula: Qbio% ~ %o 2 00063
g I e R R e e R

volumestimeLinvevasighemitiain){icltrad At ant af st adevion gl (31 erig GranesHpRALY 3738 Ve the
column, YA D  de-PHleiieada0 ioR Gy iets Wi AP ARpeRding A Wipdsiand coupled in
stirring. After approximately 5 minutes (when the bromine was consumed) the gel was washed
10 with distilled water on a glass filter. '
The partially brominated gel was transferred to a flask with water solution. NaOH (50%-
solution) was ’rheﬁ added to pH >13 and the slurry was heated to 50°C and left under stirring
over night. After approximately 18 hours, the pH was adjusted to approximately 7 with acetic
acid (60% solution). The gel was then washed with distilled water on a glass filter.

15  The remaining allyl content was then determined by titration; 245 pmol/ml.

Attachment of DEAE Dextran to the core of the beads — Prototypes DEAE I-1II
15 mL of drained gel (the partially brominated and NaOH treated Spinning Disc prototype E)
was mixed with distilled water into a beaker and vigorous overhead stirring took place. Bromine
20 was added until the shurry exhibited a persistent deeply orange/yellow colour. After 10 minutes
of stirring, sodium formiate (approximately 1.5 g) was added until the slurry was completely
discoloured. The gel was then washed with distilled water on a glass filter.
5 mL portions of the drained brominated gel were mixed with DEAE Dextran solution (15 g
DEAE Dextran dissolved in 25 mL of water, total volume; 37 mL) according to the scheme
25 below and stirred for 0.5 h at room temperature, followed by addition of 0.6 mL of 50% NaOIL
and 0.1 g NaBH., and stirring at 50°C for 17 h. After washing with water, 0.5 MHCland 1 mM
HCY, CI capacities were determined by titration (see Table 4).

Prototype DEAE-L 1 mL DEAE Dexiran solution + 9 mL of water
30 Prototype DEAE-Il: 4 mL DEAE Dextran solution + 6 mL of water
Prototype DEAE-II: 10 mL DEAE Dextran solution



1. Adsorption buffer for anion exchangers: 25 mM IRIS (pH 8.0) 2. Adsorption buffer for the cation
exchanger: 50 mM acetate (pH 4.0) plus addition of 0.15 M NaCl. 10 Sample The samples used were
human imM{A3YIEBAF19G, Gammanorm), bovine serum alpumin (BSA)PEVABHIMEMAE lactalbumin.
The proteins were dissolved in the adsorption buffgrs at a concentration of 4 mg/mL and only one
protein at a time was applred |nto the column 15 Instrument& Apparatus LC System AKTA explorer

: .0 _V 1.00 {mt. }#Column volume {m.1.,} Any 0.00 Block Start conditions 0.00 Base
SameAsMaln 0.00 Wave length 280 {nm } 254 {um} 215 {nrn} 0.00 Averaging Time 2.56 {sec} WO

2009108937 5P G T4 A9UAONRG L8 based on Spinsing Disc profotype A

5 Al activation of Spinning Disc prototype A. Spinning Disc prototype A was washed with
distilled water on a glass filter. The gel, 25 mL, was drained on the filter and weighed into a 3-
necked round bottomed flask. NaOH (12.5 mL, 50%-solution) was added and mechanical
stirring started. Sodium borohydride, 0.1 g, and sodium sulphate, 2.9 g, were added to the flask
and the slurry heated to 50°C on a water bath, After an equilibration time of one hour 27.5 L

10 of AGE was added. The slurry was then left under vigorously stirring over night. After

| approximately 20 hours, the slurry was transferred to a glass filter and the pH adjusted to around
7 with acetic acid (60%). The gel was then washed with distilled water (x4), ethanol (x4) and
distilled water (x4). The allyl content was then determined by titration; 262 umol/ml..

15 Partial bromination and NAOH treaiment of allylated Spinning Disc protoiype 4. Allylated gel,
22 ml, was weighed into a flask and 80 mL of distilled water and 1 g sodium sulphate was
added. 0.3 equivalents of bromine, 89 pL, were then added with a pipefte during vigorous
stirring. After approximately 5 minutes (when the bromine had been consumed) the gel was
washed with distilled water on a glass filter.

20 The partially brominated gel was transferred to a flask with water. NaOH (50%-solution) was
then added to pH >13 and the slurry was heated to 50°C and left stirring over night. After
approximately 18 hours the pH was adjusted to approximately 7 with acetic acid (60% solution).
The gel was then washed with distilled water on a glass filter.

The remaining allyl content was then determined by titration; 200 pmol/mL.

25
Afttachment of the ligand to the core of the beads
Coupling of N-benzoyl-DL-homocysteine. 10 mL of drained gel (the partially brominated and
NaOH treated Spinning Disc prototype A) was mixed with distilled water into a beaker and
vigorous overhead stirring took place. Bromine was added until the shury exhibited a persistent

30 deepty orange/yellow colour. After 10 minutes of stirring, sodium formiate (approximately 1.5
g) was added until the shurry was completely discoloured. The gel was then washed with
distilled water on a glass filter. |
N-benzoyl-DIL-homocysteine thiolactone (3.64 g, 16.47 mmol) was weighed into a round
bottomed flask and NaOH (6 mL, 50% solution) and distilled water (40 mL) was added during



16 0.00 Alarm Pressure Enable 3.00 IMPal 0.00 {MPa} 0.00 End Block 0.00 Block Column position
0.00 Block Equilibration 50.00 Base SameAsMain 0.00 PumpMillet Al 0.00 BufferValveAl All 0.00 Flow
0.3 {mL/mWP2HE/E8 Mark 0#column name 103.9 AutoZeroUV 5.0#EquilfSratibA%08#eEnd Block
0.00 Block Sample loading 0.00 Base volume 0.0Q Flow (1)#flow rate {mL/min} 150.00 Set Mark
O#sarnple 0.00 InjectionValve Inject 0.00 Watch UV Greater Than (100) #20 percent maxabs {mAu}
END BLORK T njctivay/tive oot 40 B3 E ralBresictost oo siotk E3mAMASH 0.00 Base

SamepsMain 9.00. Iniectignva 4 3 80 Waish QUMD IR mpAIIGLAL2A0.0Q By ffervalveAl
All 0.0 %%%eé)%eté*’s?é #Rn&én %é%ﬁggg percent ImAuIIQEND%%pLOCK 20.00 End Block 0.00 Block
Gradierit. 8 atdrie. GorPastugawasAsivriio 50°C. After approximately 22 hours the gel was washed

with distilled water on a glass filter (4x100 mL). The ionic capacity of the medium (see structure

5  ofthe core ligand below), was titrated; 184 pmol/mL.
O OH
OH ‘OH

PURIFICATION OF MONOCLONAL ANTIBODIES BASED ON SPINNING DISC MEDIA
DESIGNED FOR CAPTURE OF HOST CELL PROTEINS

1

A synthetic procedure for attachment of Q-groups (-N"(CHs)s) is illustrated in Fig. 2.

15  The primary goal with the test procedure was to verify that proteins with a molecular weight less
than ca 70 000 g/mol were able to diffuse into the core of the beads while IgG was not able to
diffuse into the beads at chromatographic conditions. Therefore, the breakthrough capacities of
the Spinning Disc prototypes were tested with proteins of different sizes. Four different test
proteins (IgG, BSA, ovalbumin and lactalbumin) were used.

20
Experimental
The media to be investigated, with respect to breakthrough capacity, were packed in HR 5/5

. columns and the sample solution was pumped at a flow rate of 0.3 mI/min through the column
after equilibration with buffer solution. The breakthrough capacity was evaluated at 10% of the

25 maximum UV detector signal (280 nm). The maximum UV signal was estimated by pumping
the test solution directly into the detector. The breakthrough capacity at 10% of absorbance

maximum (Qp10%) was calculated according to the formula:

" Quigw = {Trioe Tro) X C/V,
30



300.00 Purnpifinlet B1 0.00 Gradient 100 {%B} 2.00 {base} 0.00 Flow 0.30 {mllmin} 10.00 Gradient
0.00 {%B} 0.00 {base} 10.00 End Block WO 2009/099375PCT/SE2009/000063 17.0oc cuuZi /UUUUDj
OBlock Re&HiF4t5A™0.00 End Method Example 5: Breakthrough capaciBEEPEHENEIaMSN exchange
prototypes 5 One prototype (Q1) based on Spinning Disc [ﬁ&b{yp&A‘(iFableal‘; and-+ith Q-groups in
the core of the beads was produced according to Fig. 2. The breakthrough capacities for four proteins

were tegbet dndothis theuttsiengivsetnin) int Tk Dattbenpaniasinwate lomihernie TRBT#gest
proteing 190G ) ;ﬁﬁ g IH f% ﬁ%ﬁ I ' . [ 68 and 89
mg/mL&?&%ﬁ&?vﬁ%%féﬁe 2. B?égit rou%%ﬁc%%ﬁa%ities ogf oﬁ%?ﬁ%ﬁ%ﬁo{%;%{%mgﬁﬁichange

prototypEyprowlpes @i dlesign as depicted in Fig. 3 and based on Spinning Disc prototype A Protein
Molecular weight (g/mol) Breakthrough capacity (mg/mL) IgG 150 000

5 Two different adsorption buffers were used depending on the ligand coupled in the core of the
beads:
1. Adsorption buffer for anion exchangers: 25 mM TRIS (pH 8.0)
2. Adsorption buffer for the cation exchanger: 50 mM acetate (pH 4.0) plus addition of 0.15 M

NaCl.
16
Sample
The samples used were human immunoglobulin (IgG, Gammanorm), bovine serum albumin
(BSA), ovalbumin and lactalbumin. The proteins were dissolved in the adsorption buffers at a
concentration of 4 mg/mL and only one protein at a time was applied into the column.
15
Instrumental
- Apparatus
LC System: AKTA explorer 10 XT or equal
Software: UNICORN
20  Column: HR 5/5
Instrument parameters
Flow rate:- 0.3 mL/min

Detector cell: 10 mm
25  Wavelength: 280 nm

UNICORN method

The main method used is depicted below:

30 0.00 Base CV 1.00 {mL} #Column volume {mL} Any
8.00 Block Start conditions
0.00 Base SameAsMain
0.00 Wave length 280 {nm} 254 {nm} 215 {nm}
0.00 Averaging Time 2.56 {sec}



1.6 BSA 68 000 1.9 Ovalbumin 43500 68.0 Lactalbumin 14400 89.7 The results clearly indicate that
IgG did not diffuse into the beads and consequently, its 15 breakthrough capacity is low. This is in
accordanc¥® QA $E5ults presented in Table 1 showing that, dextrans wih HSiRANEPRSights
exceeding 126 000 g/mol, exhibit Kay-values loweyzthan 0.021. The results also indicated that host cell
proteins with molecular weights less than approximately 44000 g/mol will be captured by the ligands in
the core of thé.Beadsrmicepratotypeda @2 y3)b¥sedBaiSpinning Disc prototype D and E (Table
1), respectiveblog%l'\%eéq %Fo tested. Both prototypes were modified with Q-groups in the core of the
beads according to Fig. 5 see the synthesis section for more details). Table 3. Breakthrough capacity
(Quovd).fisr Bloek Pluitoims pesHiion exchange prototypes Q2 and Q3 design as depicted in Fig. 2 and

based 8!&«?@?3@1?%81%%5?18&’96 D and E, respectively. 25 Protein
5 0.00 Base SameAsMain

0.00 PumpATnlet Al
0.00 BufferValveAl All
0.00 Flow 0.3 {mL/min}
1.00 Set Mark (#column name

10 3.9 AutoZeroUV
5.0  #Equilibration volume End Biock

0.00 Block Sample loading

0.00 Base volume
0.00 Flow (D#flow rate {mL/min}

15 0.00 Set Mark (#sample
0.00 InjectionValve Inject *
0.00 Watch UV Greater Than (100) #20 percent maxabs {mAu} END BLOCK
49.00 InjectionValve Load
49.00 End Block

20 {.00 Block Column wash
0.00 Base SameAsMain
0.00 InjectionValve Load
0.00 Waich OFf UV
0.00 PumpAlnlet Al

25 0.00 BufferValveAl All
0.00 Watch UV Less Than (20) #5 percent {mAu} END BLOCK
20.00 End Block

0.06 Block Gradient elutien

0.00 Base SameAsMain

30 0.00 PumpBIniet B1
0.00 Gradient 100 {%B} 2.00 {base}
0.00 Flow 0.30 {mL/min}
10.00 Gradient 0.00 {%B} 0.00 {base}
10.00 End Block



Molecular weight (g/mol) Qb10% of Q2 (mg/mL) Q610% of Q3 (mg/mL) IgG 150 000 2.1 2.3 WO
2009/099375PCT/SE2009/000063 18 BSA 68 000 3.9 8.8 Ovalbumin 43500 41.2 58.1
WO 2009/099373 PCT/SE2009/000063

17 LI~ 7 Q!;‘,Luua‘fuuuuﬁ:j
0 Block Reequilibration
0.00 End Method

Example 5: Breakthrough capacity for strong anion exchange prototypes
5 One prototype (Q1) based on Spinning Disc prototype A (Table 1) and with Q-groups in the

core of the beads was produced according to Fig. 2. The breakthrough capacities for four
proteins were tested and the resuits are presented in Table 2. The capacities were low for the two
Jargest proteins IgG and BSA (<2 mg/mL) and the capacities for ovalbumin and lactalbumin
were 68 and 89 mg/mL, respectively.

10
Table 2. Breakthrough capacities for four proteins on an anion exchange prototype (proiotype
Q1) design as depicted in Fig. 3 and based on Spinning Disc prototype A

15

20

25

Protein

Molecular weight {g/mol}

Breakthrough capacity
(mg/mL)

1eG

150 000

1.6

BSA

68 000

1.9

i Ovalbumin

43500

68.0

Lactalbumin

14400

89.7

The results clearly indicate that IgG did not diffuse into the beads and consequently, its
breakthrough capacity is low. This is in accordance with the results presented in Table 1
showing that dextrans with molecular weights exceeding 126 000 g/mol exhibit Ku-values
lower than 0.021. The results also indicated that host cell proteins with molecular weights less
than approximately 44000 g/mol will be captured by the ligands in the core of the beads.

Two prototypes (Q2 and Q3) based on Spinning Disc prototype D and E (Table 1), respectively,
were also tested. Both prototypes were modified with Q-groups in the core of the beads

according to Fig. 2 (see the synthesis section for more details).

Table 3. Breakthrough capacity (Quiou) for three proteins on anion exchange prototypes Q2 and
Q3 design as depicted in Fig. 2 and based on Spinning Disc prototype D and E, respectively.

Protein

Molecular weight

(g/mol)

Qpiow of Q2
(mg/mL)

Qoo of Q3
(mg/mL)

1gG

150 000

21

2.3




Even these prototypes excluded IgG and showed high breakthrough capacities for ovalbumin. It was
also evident that a relatively high capacity (8 8 mg,/mL) was obtained for the anion exchanger based
on Spinninty BEEIBWTpe E. This is in accordance with the fata present@§ TPE2PEHEShowing that
this disc prototype resulted in a higher Kay-value {gr dextran with a molecular weight of 66700 g/mol
compared to prototype D. The results from prototype E show that BSA can diffuse inta the beads and
interacB®ih the anion excha§elifand. Therefarg.9new anion exch8gers including optimized ligand
constryct o it '4§M breakthrotugh acitreswere prgduced(See betow). 10 Example
6: Braaktt ﬂ@h capacity far Wesgpanion exchange prototypes The ligartd (DEAE) was attached to the
matrix via an extender by coupling DEAE-dextran to the interior of the beads In this case, dextran is
the extender,and DEAE (diethylami hyl) is the 15.ligand Three pratot ( t% r

DEAE-HERH B 748 B8 e oéjtﬁcégﬁirr%%oaﬁ% ?hoéw l%é}allsié (%5% he Os%/f'ﬁ&fﬁg %ﬁ?{;@gt%% fﬁ%@gdgtails)
were pragudes evideat thaototylaeis sehégb gaipos (Hith 1GiAD) avad epieteddifoFifie 3nFuble 4. Ligand

density (measured as, CFzcapacity).for three Qrot FQEP WPS, L ensity
(umol/ %}ﬁ%ﬁ%‘ai@lﬁﬂﬁ W@E&gﬁf)%}g lgo cclgr%r%g&&?% e al%%ﬁoﬁgesgﬁg%gd very
gooed réstiits.] Fhnthiedést: phist diyp extDEAE rélyliad rediighalgh-valvaditicdesirigGyIBSA and :
ovalbumin were 0.9, 181 ma/mL,, res tively. ' ellent
and a1 R b Y e the
breakthtaugis sapadityfise into the beads and interact with the anion exchange ligand. Therefore, new

anion exchangers including optimized ligand constructions to obtain higher BSA breakthrough

capacities were produced (see below).
10

Example 6: Breakthrough capacity for weak anion exchange protetypes

The ligand (DEAE) was attached to the matrix via an extender by coupling DEAE-dexiran to the
interior of the beads. In this case, dextran is the extender and DEAE (diethylaminoethyl) is the

15  ligand. Three prototypes (Table 4) where DEAE-dextran was coupled to the interior of the beads
(see the synthesis section for more details) were produced and all prototypes were equipped with
OH-lid as depicted in Fig. 3.

Table 4. Ligand density (measured as Cl'-capacity) for the three DEAE prototypes.

DEAE-Prototype ' Ligand density (umol/mL)
DEAE-I 11

DEAE-II ' 62

DEAE-IIL 190

20
According to Table 5 all prototypes yielded very good results. For the best prototype (DEAE-
IIT) the breakthrough capacities of IgG, BSA and ovalbumin were 0.9, 181, > 190 mg/mL,
respectively. The results presented in Table 5 are excellent and also indicate that even larger
proteins than BSA will have high breakthrough capacities while the breakthrough capacity for
25 1gGis lower than 2 mg/mL.



25 1gG is lower than 2 mg/mL WO 2009/099375PCT/SE2009/000063 19 Table 5. Breakthrough
capacities (Qbiove) for three proteins on the anion exchange prototypes DEAE-I, DEAE-II and
DEAF-II| d&&h#a8%sicted in Fig. 3 and based on Spinning Disc prototy P& ESPIARIOEN0 of DEAF-|

(mg/mL) Qb10 of DEAR-II (mg/roL) Qb10 of DEAI§9—III (ing/mL) 1gG 1.5 1.2 0.9 BSA 90 115 181
Ovalbumine 15.5 108 >190

Table 5. Breakthrough capacities (Qyp1004) for three proteins on the anion exchange prototypes
DEAE-L, DEAE-II and DEAE-TII design as depicted in Fig. 3 and based on Spinning Disc

prototype E.

Protein Quio of DEAE-I Quio 0f DEAE-II Qpio of DEAE-IIT
(mg/mL) (mg/mL) (mg/mL)

IegG 1.5 1.2 0.9

BSA 90 115 181

Ovalbumine 15.5 108 >190

Example 7: Breakthrough capacitv for cation exchange prototype (profotype COO?

A prototype (prototype COQ") including a high salt ligand (see the synthesis section) in the core
10 of the beads (Spinning Disc prototype A, Table 1) was tested. The breakthrough capacity was

investigated for IgG and ovalbumin and the mobile phase was acetate buffer (pH 4.0) with

addition of salf (0.15 M NaCl). The salt was added to verify that a high breakthrough capacity

also could be obtained at relatively high ionic strengths for ovalbumin. The capacity for IgG was

recorded to 1.7 mg/mL and for ovalbumin to approximately 39 mg/mL. The high salt ligand in
15  the core of the beads adsorbed ovalbumin as expected and a relatively high capacity was

observed. Furthermore, the breakthrough capacity for IgG was low as expected.



5 Example 7: Breakthrough capacity for cation exchange prototype (prototype COM A prototype
(prototype COQ") including a high salt ligand (see the synthesis section) in the core 10 of the beads
(Spinning Disc prototype A, Table 1) was tested. The breakthrough capacity was investigated for IgG
and ovalbumin and the mobile phase was acetate buffer (pH 4.0) with addition of salt (0.15 M NaC1).
The salt was added to verify that a high breakthrough,sapacity also could be obtained at relatively high
ionic strengths for ovalbumin. The capacity for IgG was recorded to 1 7 mg/mL and for ovalbumin to
approximately 39 ing/mL The high salt ligand in 15 the core of the beads adsorbed ovalbumin as

expected M&%&%W&&M%ﬁ&%ﬁ% wes-ehservedd i hspnaigs thadbrealdbirystheanadity for 19G

was low as expected. 20 CLAIMS 1. Method for selective production of polymer beads in a Spinning

Disc proesdafsvwhaersthchatpsarnkavelecplsrosrgHaaprsve A woetiteiifingdrndiF 150 000

g/mol t%@gﬁ?@&&&%@?@ﬁﬁ@@@%%@%@@ﬁ the following steps: a) feeding a 4-8% polysaccharide
soldtion, which has a viscosity within 350-450 inPas, at 65-75C to one or more s_pinnglgﬁdiscs at

3001-3010 rpm to#briqsingsadchirien wsaedheride splignunhiyaias e itoEhitnakde beads in a

capturing bath; wherejppthe &%@?@%@f&ﬂ@d@%é%hﬁﬂgg beads: isoearimliegd by asying the
temperature of the capturing between 15 and 27C, preferably between 17.5 and 24.6C. 2. Method
according to claim 1, ﬁﬂl@?éﬂﬁhﬁ’é%&%%charide Is selected from agarose, carrageenan, dextran,

alginate, pectin, stgjchandigglagtomAnERpsiysa-3nathochacso tingrioiciaini2 wibarsinihe
polysaccharide beads in step a) is a 6% agarose solution at approximately 70C, and, with a viscosity

of 307-421 mPas. 4. DWOHBI0AEEeRANGAFbHEIE PRAGE DF tRE AV JATHRS WdFEm EHEHEeRing of

said 20polysaccharide,sQlutien: iy $amaio Said oneonRiRISIPRINGRISES mata Hew rate of
120-170 mL/min 5. Method according to one or more of the above claims, wherein the polysaccharide

beads are cross-linked after step b). 25 6. Method according to claim 5, wherein, the polysaccharide

beads are previdedWithdids & Quier 1aygis afeksiRyBlccharide is selected from agarose,
carrageenan, dextran, alginate, pectin , starch and galactomannans.
15
3. Method according to claim 2, wherein the polysaccharide beads in step a) 1s a 6% agarose

solution at approximately 70°C, and, with a viscosity of 397-421 mPas.

4. Method according to one or more of the above claims, wherein the feeding of said
20 polysaccharide solution in step a) to said one or more Spinning Discs is at a flow rate of

120-170 mL/min.

5. Method according to one or more of the above ciaims, wherein the polysaccharide beads are
cross-linked after step b).
25
6. Method according to claim 5, wherein, the polysaccharide_: beads are provided with lids or

outer layers after step b).

7. Method according to claim 6, wherein the polysaccharide beads are allylated and partially

30 brominated and NaOH treated to form a lid on the core polysaccharide beads.



7. Method according to claim 6, wherein the polysaccharide beads are allylated and partially
30brominated and NaOH treated to form a lid on the core polysaccharide beads. 21 8. Method
according to claim 7, wherein the core polysaccharide beads are provided with ligands, such as ion
exchange ligands. 9. Method according to claim 8, wherein the polysaccharide beads are agarose

beads agd the.ign2R¥shANgS.igands arswaakirniorsxhangsdigands.proyidsd withuextgnders. 10.

Separation media comprising polymer beads produced according to one or more of the above claims.
1011. Separbf@rifeurd aciUrGHRI82941884; wherein the polysaccharide beads are agarose beads
provided with a weak anion exchanger comprising a large-size, charged polymer, such as DEAE (mw

500 000) with an extender comprising dextran. 12. Use of the separation media according to one or
more of %éf@&iﬁd@i@ﬂ%ﬁ%@%&aﬁb@@@ﬁk@ opbaasslwisde Jupdratisn o deshedbrambledoles

fromy undes"@}&ﬂﬂ@%ﬂ'@%ﬂ@me weak anion exchange ligands provided with extenders.

10. Separation media comprising polymer beads produced according to one or more of the

above claims.

10 11. Separation media according to claim 10, wherein the polysaccharide beads are agarose beads
provided with a weak anion exchanger comprising a large-size, charged polvmer, such as DEAE

(mw 500 000) with an extender comprising dextran.

12. Use of the separation media according to one or more of the claims 10-11 for

15 chromatographic or batch-wise separation of desired biomolecules from undesired

biomolecuies.



