lon-exchanger material of high salt-tolerance The present invention relates to a crosslinked
sulphonated 5 polymer or a crosslinked sulphonated polymer coated with a crosslinked polymer
containing amino groups for use as an ion exchanger material of high salt tolerance for separating off
macromolecules from a solution which originates from a biological source. 10 The Coulomb interaction
of ion exchanger resins is the interaction used the most in chromatographic purification processes. In

ion exchanger resinsmig)lq[ceg;rgﬂgﬁ %l{cqn%%ggggg agigsﬂgnéﬁxggﬂq sulp ggg%cid), strong bases

(for 15 example quaternary amines), weak acids (e.g. carboxylic acids) and weak bases (e.g. primary
or tertiary amines) are preferably applied covalently as groups to a rigid matrix material. These ionic

groups inigracL i somaletmentan unctionalgroups of dye molahlesta e purified. yhich are 20

thus bonded to the ion exchanger resin. The elution of the target molecules Dby ionic interaction
is convertiohdllgachieved ByFincredse inthekalabademrationsin the@lifihgwgent sso that the

target m‘&'?B%'Qﬁﬁ%@éc%?éﬁQE Of fare;corpesponding saltlones).Relatjaly law salt 23,

concentrations of less than 150 mmo1/1 are conventionallysufficient to break the Coulomb interaction
and to elfiteCteltafjet hdleule .Depehdial oftthe ofigitaRhesmikeure Srva VeHich thethdget 30

molecules 10 heseparated, thessalt.cansentration gan already be higher thag,copcentrations which
can conventionally be used for the elution. This usually has the disadvantage that the target molecules

do not b&hdteHed6r eXENTTer resin in the presence of the high salt concentration. In 35 particular,
solygions which are obtained from biological

The Ccoulomb interaction of ion exchanger resins is the
interaction used the most in chromatographic purification
processes. In ion exchanger ryresing, ilonic groups, such as
strong acids {for example sulphonic acid), strong bases (for

15  example guaternary amineg), weak acids {(e.g. carboxylic acids)
and weak bases {(e.g. primary or tertiary amines) are
preferably applied covalently as groups to a rigid matrix
material. Thesge ionic groups interact with complementary
functional groups of the molecules to be purified, which are

20 thus bonded to the ion exchanger resin. The elution of the
target molecules bonded by ionic interaction is conventionally
achieved by an increase in the salt concentration in the
eluting agent, so that the target molecule is replaced by one
or more corresponding salt ion{s). Relatively low salt

25 concentrations of less than 150 mmol/l are conventionally
sufficient to break the Coulomb interacticon and to elute the

target molecule.

Depending on the origin of the mixture from which the target

30 molecule 1s to be separated, the salt concentration can
already be higher than concentrations which can conventionally
be used for the elution. This usually has the disadvantage
that the targst molecules do not bond to the ilon exchanger
resin in the presence of the high salt concentration. In

35 particular, solutions which are obtained from bioclogical



sources, such as fermentation liquids, body fluids or plant extracts, the conductivity (electrical
conductivity; a parameter corresponding to the salt concentration) is usually too high for the direct use
of ion exchanger chromatography. 5 An undesirable dilution step is therefore often necessary in order
to reduce the conductivity of the mixture (reduction in the salt concentration). There are numerous
Known afdaiafable sorsexelrarfgerresing 1 0awhich ave. dapalbledf bbhdingssubstarices at a relatively
%%{feéié‘é C%<ncg)t\£vjpvtotda.te are no longer

high salt concentration. Neverthgless ;all ‘?Qfé‘ﬁ@?sﬁ o

capable of bonding biological macromolecules, such as, for example, insu m,B(/\?ithaan adequate loading
capacity i EsAcertrations of Afsre dhay 15250l of sodientchlorde ) Sadiumschddride is to be

mentionataete; oply by wayf expple: rngiple Lowewer. athet salls By alsg hepresent in this

molar amount. Furthermore, the ion exchanger resins used are known to date are not stable
ovePthe £htite 51 FAAGE RIrEm pH 150 2008 ahd thérefsréwamnot be emptoyetbaniversally. It was

thereforeaebject ot the presentdnventionto-provide :progess for separgting;off magromolecules, in

which the macromolecules can be separated off directly from a solution 25 which originates from
biological 86urtas tit FRFRFHdFe 8Eirable for the ion exchanger material used to be stable over a
pH range of from 1 to 14. Due to its high salt tolerance, the ion exchanger material should render it
possible that no additional dilution step has to be carried 30 out in order to reduce the salt
concentrati6r SSGdiFa Proeseifo il Fisve 16 ativarithie thatithe cosRhREIBNertTFoRthe additional

dilution step and derthepsacassing obwastersubstances-in the purification.of mixtures, ¢amprising salt
could be reduced. i
salt concentration. Nevertheless, all the ion exchanger resins
known to date are no longer capable of bonding biological
macromolecules, such as, for example, insulin, with an
adeguate leoading capacity at concentrations of more than
15 250 mmel/l of sodium chloride. Sodium chloride is to be
mentioned here only by way of example; in principle, however,
other salts may also be present in this molar amount.
Furthermore, the ion exchanger resinsg used which are known to

date are not stable over the entire pH range of from pH 1 tc

20 14 and therefore cannot be employed universally.

It was therefore an cobject of the present invention to provide
a process for separating off macromclecules, in which the
macromolecules can be separated off directly from a solution

25 which originates from biclogical scurces. It is furthermore
desirable for the ion exchanger material used to be stable
over a pH range of from 1 to 14. Due to its high salt
tolerance, the ion exchanger material should render it
pogsible that no additional dilution step has to be carried

30  out in order to reduce the salt concentration. Such a process
would have the advantage that the costs for solvents for the
additional dilution step and for the processing of waste
gubstances in the purification of mixtures comprising salt
could be reduced.

35



To achieve the object mentioned, the present application provides the use of a crosslinked
sulphonated polymer for separating off a macromolecule from a solution which originates from a
biological source, wherein the crosslinked 5 sulphonated polymer contains a sulphonated aromatic
unit, which is substituted by an aliphatic radical or unsubstituted, bonded to its basic framework. In
other wolds, 3981 pragent Applidation trelated tooa process< Ofoe separating bifce: macromolecule from a

solution which.ofigi from.a biolqgi re Ing linked.sulphonated polymer containing
which.originates from.a bolggical squrce pisin sgﬁ%%%éﬁ& ;syigh oY

a sulphonated aromatic unit, which is substituted by an atic radical 'or Uhsubsti uted, bonded to its
basic frafeRorR.CES B cEdrEing mathednvariion. tnatremolkecatebidréamdernstobd as meaning

molecules,which haye armglecyilar yysight.of greater than %E%&%! 1@ 10,900, %%ﬂ%%a

macromolecule is particularly preferablya biomolecule, such as, for example, 20 peptides and
protéins, DNANRNAE §dlyaatrRaidesarid ipspoly sacthhndes, siich @) or lexamplé, .endotoxins. The

term "SeparaURg Off iL40de wadeistans an meaningbath ths jsolationiourfication of a,farggt molecule
oru

from the 25 solution and the removal of undesirable macromolecules from the solution, so that the
target molBG IR Fehfains i thapififiedxBriiohs - The basic framework of the crosslinked sulphonated
polymer can 30 be any known polymeric basic framework which is made of hydrocarbon-containing

recurring_units. The basic framework of the polymer is understood as meaning the main chain of the
pmymen%Bvﬁﬁ&%guﬁ%ﬁﬁﬁxL%%%h%%esent application relates Lo a process

10  for separating off a macromolecule from a sclution which
originates from a biological source using a crosslinked
sulphonated polymer containing a sulphonated aromatic unit,
which is substituted by an aliphatic radical or unsubstituted,
bonded to its basic framework.

15
According to the invention, macromeolecules are understood as
meaning molecules which have a molecular weight of greater
than or egual to 10,000 g/mol. The macromolecule is
particularly preferably a biomolecule, such as, for example,

20 peptides and proteins, DNA, RNA, polysaccharides and

lipopolysaccharides, such as, for example, endotoxins.

The term "separating off" is to be understood as meaning both
the isolation/purification of a target molecule from the

25 solution and the removal of undesirable macromolecules from
the solution, so that the target molecule remains in the

purified solution.

The basic framework of the crosslinked sulphonated polymer can
30  Dbe any known poelymeric basic framework which is made of

hydrocarbon-containing recurring units.

The basic framework of the polymer is understood as meaning
the main chain of the polymer, to which sub-groups, such as

35 the sulphonated aromatic unit, can be bondsd in the form of



the sulphonated aromatic unit, can be bonded in the form of side chains. In addition to the
sulphonated aromatic unit, the polymer can also contain still further side chains, which are not to be
considered as the basic framework but - as stated - are to be counted as side chains. In other words,
the basic 5 framework includes all atoms which build up the main chain of the polymer and are linked
with at leastiwvocfurthes at [Bastbivalentatoms ohthesmajrichain cSingtesbending atams, stich as

hydroge gtprir;ggé%gvfgg}lb nd to ms mentioned are likewise counted as atoms of the basic
frameworrill. In the case 1 “"W%eremt%e%tc%?)%sﬁn 3E—:}(Lj?su ;L)lﬁ:oEElaefgd %6%/%&%? %Fo“’s’sli‘r’flgglf %ol?gt?/rene, the
linked viny® tinits wotlld-ba thelbasic framewerkizrt the fsuphonatéd phenyl greupswoeld be the side

chains. 1ydrgegrbopcantagingfecuinaiitsre yiletsigad asneaning all qongeivable
compounds which are built up predominantly from carbon and hydrogen, but may also comprise
hetefo atbrnTHelinking oftie securting Lpits to/aipslymer dsh be effeetetebyrany:know £

polymerizationprogess. Freg 20,radical,caionic,qr %ﬂor&ggﬁi%wy'psﬁ%%@ igtpait%%@'y
preferred according to the invention. The basic framework is particularly preferably a polyvinyl
framewoRd TheBasi@framework iSgreferablycaefossliméetBasi® frafiework fserthat aotdsslinked

polymer isfored.Jgdhe 25.case of:q: pelyyinyliramewaik inparticylar, dhe crosslinking arises by
copolymerization of a monomer containing vinyl groups with a monomer which contains two vinyl
groups. HoWEYerS ft i§ R PYicipId alst-e8tfceiabie fora polynier 3Hieiy higs alinedlbasie framework

first to be,preparetrhe-3Q subsequent cigsslinking gap then,be cagried-guthy reaction of functional

groups in the side chain with a crosslinking ‘rear%sent. . The crosslinked sulphonated polymer used
according to i35 fiventioR preferaliy contains sulphénit deilgretipsis thesic

framework and the sulphonated phenyl groups would be the side

chains.

15 Hydrocarbon-containing recurring units are understood as
meaning all conceivable compounds which are built up
predominantly from carbon and hydrogen, but may also comprise
hetero atoms. The linking of the recurring units to a polymer
can be effected by any known polymerizaticn process. Free

20 radical, cationic or anionic olefin polymerization is
particularly preferred according to the invention. The basic
framework is particularly preferably a polyvinyl framework.
The basic framewcrk is preferably a crosslinked basic
framework, so that a crosslinked polymer is formed. In the

25  case of a polyvinyl framework in particular, the crosslinking
arises by copolymerization of a monomer containing vinyl
groups with a monomer which contains two vinyl groups.
However, it is in principle alsc conceivable for a polymer
which has a linear basic framework first to be prepared. The

30 subsequent crosslinking can then be carried out by reaction of
functional groups in the side chain with a crosslinking

reagent.

The crosslinked sulphonated polymer used according to the

35 invention preferably contains sulphonic acid groups in the



side chain. The side chains in the crosslinked sulphonated polymer according to the invention are
sulphonated aromatic units, as described in detail bglow. The sulphonated aromatic units are
preferably bonded to the basic framework by a 5 covalent single bond. The sulphonated aromatic units
can furthermore be substituted by an aliphatic radical. It is particularly preferable for the sulphonated
aromatic £mits to he bondeédalirectly taha atemiof thebasicdramewardchya toraleat siagle bond. 10

In the pr se‘[;; invention an aromatic unit is understaod as meani mono- or polycyclic aromatic ring
system \gﬁc IS subs%’?u(ij‘eréfjL W%n ﬁipn%ﬁc %élafiggltolr%%sﬁggtitﬁ%gg? %13 aetgéinte%%\‘%/ﬁijscfnvention, an
aromaticwingtsysterm is1¢5 emélersiood: as meanindg pieferablynan andmatie sing $ystesmbaving 6 to 60
carbon a{%g%sorgg%a%l/¥ ?Gftegr%% r%%%%@ldprggerggl%/] %gos %((): cg&%c%\e%tg%s.g hese aromatic ring

systems can be monocyclic or polytyclic, i.e." they can have one ring (€.9. en;?f) 8r two or more
rings, whithvedrealsobefaised 20(elg. ashthyl) prcowdlently nkett(ecg Whiphenyd);or comprise a
combination-of used anddinked;tings. Prefarred aromatg ring systems;are, for gxample, phenyl,
biphenyl, triphenyl, naphthyl, anthracyl, binapgt%y, 25 pﬁheémant rél, ﬁ%%?géh'e%tﬁrfll, pyrene,
dihydropyrenel ersene Yparyrrrer tdtfacehe rpemacené tienzpyrehes flgornecanthindeneg.cParticularly

preferred.aromatieringssystems are phenyl, biphepy! arnanhthyl, padicylarly preferably phenyl. 30 As

already mentioned, the aromatic ring systems can be substituted by an aliphatic gr%up. Itis
conceivabf’Rer@for fHe'@rofndtiNithg system to be substituted not only by one but by two or more
aliphatic groups. An aliphatic radical is preferably a hydrocarbon radical having 1 to 20, or 1 to 10 35

carbon atoms. Aliphatic hydrocarbon radicals according to the
In the present invention an aromatic unit is understood as

meaning a mono- or polycyclic aromatic ring system which is
substituted by an aliphatic radical or unsubstituted. In the
context of this invention, an aromatic ring system is

15  understood as meaning preferably an aromatic ring system
having 6 to 60 carbon atoms, preferably 6 to 20, particularly
preferably 6 to 10 carbon atoms. These aromatic ring systems
can be monocyclic or polycyclic, i.e. they can have one ring
{e.g. phenyl) or two or more rings, which can also be fused

20 (e.g. naphthyl) or covalently linked (e.g. biphenyl), or

comprise a combination of fused and linked rings.

Preferred aromatic ring systems are, for example, phenvyl,
biphenyl, triphenyl, naphthyl, anthracyl, binaphthyl,

25 phenanthryl, dihydrophenanthryl, pvrene, dihydropyrene,
crysene, perylene, tetracene, pentacene, benzpyrene, fluorene
and indene. Particularly preferred aromatic ring systems are

phenyl, biphenyl or naphthyl, particularly preferably phenyl.

3¢ As already mentioned, the aromatic ring systems can be
substituted by an aliphatic group. It is conceivable here for
the aromatic ring system to be substituted not only by one but
by two or more aliphatic groups. An aliphatic radical is
preferably a hydrocarbon radical having 1 to 20, or 1 to 10

35 carbon atoms. Aliphatic hydrocarbon radicals according to the



invention are preferably linear or branched or cyclic alkyl groups in which one or more hydrogen atoms
can also be replaced by fluorine. Examples of the aliphatic hydrocarbon radicals having 1 to 20
hydrocarbon atoms include the 5 following: methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl,
sec-butyl (1-methylpropyl), tert-butyl, iso-pentyl, npentyl, tert-pentyl (1,2-dimethylpropyl),
1,2-dimethiytpropyl; 2, 2xdimethyipeopyt Inedpemty); leethylpropyle2-methyhoulyd on-hekytliso-hexyl,
1,2-dime tyl, 1-ethyl-1-methylpropyl, 102-methylbutyl, 1-ethyl-2-methylpropyl,
1,1,2-trin§gé%%?op%ﬁ, tﬁ%ﬁ%tﬂr:rﬁgéyl%%%&/ ,lf-eﬁlvyy%;ryucfgl{%-r%gﬁ@ﬁ)u?ﬁ?l, ¥(%clbmp(g}{%ylbutyl,
2,2-dimetiyBatyk 4, Idinfdthgibung, .2, Bx dimpathglbuty| t3,8-dietialityl, Bxethyibatyhda
methylpegniy; 2-methylpentyl, 3-methylpe Lyglo l, 15 %cl%t}le I clqgleptyl, cyclooctyl,
2-ethy|hé“xyl,3‘[rifluoromethyl,ijentaeﬁguoroeitl*r%/}li and Zggiggriﬁugroethyl. gt %I Sr gthyl is particularly
preferred ad #sevalighatiecydrdoarséiyadical - ROMES exceptionaflypyéferabledornthe sulphonated

aromaticynit of the crosslinked sylphongted polymer which, is s ituted: by ap gliphatic radical or
unsubstituteg%o be a p?@%}y sulphonic acid group or lEa'deriva%s’ivségt %}rtgéf.d%rk% %i]eB c(:gajls%pof'thé? derivative
of the phHeRYsYibhohfErACi@GFOUD; tHis 25 means delivamuesiwhich ate Substithebibyray aliphatic
radical. In this case @:sulphenic acid.group.on the phenyl radical is preferably in,thepara position
relative to the position%é;lrf@t%%r}yp%en;t/jlh rir(%51 which bonds to t@tﬁé@ rameworl?f T}?g% aliphatic radical

here is prefefably- a meRyRSe B ethy! grotigtHioh R4 tHe ofths Badior marasiaorrsythe phenyl

graup relative te:the-pesition ondhe phenyliingwhich honds te the basic framewark, o1 |
1,2,2-trimethylpropyl, l-ethylbutyl, l-methylbutyl, 1,1-
dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-
dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, cyclopentyl,

1%  cyclohexyl, cycloheptyl, cyclooctyl, 2-ethylhexyl,

trifluoromethyl, pentafluorocethyl and 2,2,2-trifluocrosthyl.
Methyl or ethyl is particularly preferred as the aliphatic

hydrocarbon radical.

20 It is exceptionally preferable for the sulphonated aromatic
unit of the crosslinked sulphonated polymer which is
substituted by an aliphatic radical or unsubstituted to be a
phenylsulphonic acid group or a derivative thereof. In the
case of the derivative of the phenylsulphonic acid group, this

25 means derivatives which are substituted by an aliphatic
radical. In this case a sulphonic acid group on the phenvl
radical is preferably in the para position relative to the
positicn on the phenyl ring which bonds te the basic
framework. The aliphatic radical here is preferably a methyl

30 or ethyl group, which is in the ortho and/ocr meta position on
the phenyl group relative to the position on the phenyl ring

which bonds to the basic framework.

However, it 1s particularly preferable for the sulphonated

35  aromatic unit not to be substituted. A sulphonated crosslinked



"7 polystyrene in particular is possible here. The crosslinking of the sulphonated polystyrene is
preferably carried out by copolymerization of styrene with divinylbenzene, followed by sulphonation of
the phenyl groups. However, any other 5 crosslinking agents containing two vinyl groups are
conceivable here for the preparation of a crosslinked copolymer. According to the invention, the
degree ofclosstinkingef the @ crasslinked suipbonated polyraetis praterably £:5 16,50%particularly

preferabl 45% and most preferably 10 to 35%, In the present invention indication of the degree of
crosslink%% itlt:'cl)hp?':erSc%a%l’fgljsoffr‘?L e?§£8 “MmEaning the peréentage’ molaiddntént dtiie B&mpound

containingrwol yinyl:1iSzgrolips wiicls is;employed relative to:thestotalaimber-f raeremMerunits to be

polymerié ) ree of sulphonat on of the crosslinked sulphonated polymer is preferably 1 to
80%, morg%?g’f%%agbﬁg to g(’o and erInlgsIt preferably g? 05096 IndickfioR Otife degree of

sulphonationsia perkéngreiates te theontraber obmoles ofisujghanieagid grewps in relation to all the
monomer. unj inin ulghaonatable group which are loyed for.the polymerization. Monomer
units con%ﬁ?n%gg %ti%%) o%i{as%lgérx&% 5 é/lﬁ?c%% arr%éeln?f)jlo?ed %or ﬁgspso}ylrﬁlg tion are understood
as meanfifgrall me@omer units which contain the sulphonated aromatic unit and also all the monomer
units which contain a sulphonatable group, preferably an aromatic unit, and optionally all compounds
which cause the crosslinking if these 30 contain a sulphonatable or sulphonated group. If sulphonated
polystyrérefdivinyenzené eopolyrrtis osed abthelemsstinkedl sulphenated polymer, theedegree of

sulphonationdn pexicent wlates ip the. aumber of sulphonic acid groups in telation g, all the phenyl or
phenylene groups contained in 35 the polymer.
particulariy preferably 5 to 45% and most preferably 10 to
35%. In the present invention indication of the degree of
crosslinking in per cent is understood as meaning the
percentage molar content of the compound containing two vinyl

15 groups which is employved relative to the total number of

monomer units to be polymerized.

The degree of sulphonation of the crosslinked sulphonated
polymer is preferably 1 to 80%, more preferably 3 to 60% and
20 most preferably 5 to 40%. Indication of the degree of
sulphonation in per cent relates to the number of moles of
sulphonic acid groups in relation to all the monomer units
containing a sulphonatable group which are emploved for the
polymerization. Monomer units containing a sulphonatable group
25 which are employed for the polyvmerization are understood asg
meaning all monomer units which contain the sulphonated
aromatic unit and also all the monomer units which contain a
sulphonatable group, preferably an aromatic unit, and
opticnally all cowpounds which cause the creosslinking if these
20 contain a sulphonatable or sulphonated group. If sulphonated
polystyrene/divinylbenzene copolymer is used ag the
crosslinked sulphonated polymer, the degree of sulphonation in
per cent relates to the number of sulphonic acid groups in
relation to all the phenyl or phenylene groups contained in

35 the pelymer.



The crosslinked sulphonated polymer employed in the process according to the invention or in the use
according to the invention is preferably present in the form of regularly or 5 irregularly shaped resin
particles. In the present invention the term "regularly shaped” is understood as meaning shapes which
can be represented by symmetry operations, such as surface mirror image, point mirror image or axes
of rotation or combinations thereof. The spherical shape is particularly 10 preferably to be mentioned

here. The.term ‘spherical’ is,understood as meaning not only purely, symmetrical spheres, but also
shapes which deviate §1ere ror%?'s’ é}?gg, f%?e gr% e?rellfb@égf}ﬁg\?veégr, o s%ﬁ rical Bodies joined
to one anrcthertdigive dantbbells ave alsoco berintludedsene sAn irceguldmts shapeis understood as

meaning;anyroken shape which o] try..The resin_particles preferably have a mean
average qiarﬁeter of from % to 1,00%%3‘2, ﬁi%%%%e erlarf}JI?/C rgmfg 5" 18§ prrneg}fgL Ef%r i’éu?a%ly preferably
fron? 10 to30: Pl 20 Thestrassiihkedsulpionatéd pelymeirempleyed #rsthetprocess:adearding to the

inventioncg,\lreinggggﬂlselaggggda{r}q?dg}%igggmioirbpr&f%]gpg% sipares in which the actual interaction
ed ta

. 31 I11 1 S]] .
with the substances to be separa kes place. It is thus pre era%ﬁ/ a porousgpoﬁymgr Mmaterial.
These pdfesPreferabli25tEvecaTaTEAge Wiamets of fronps te ¥00mm, particulady preferably from

30 to 10Q pore The pare diameter ds determined:by an inuerse size.exclusion, ehromategraphy. In this,
the phase material to be investigated is packed into a chromatography column ancf a series of polymer
size starfefard$30 iSmjected Froft tefcolfse oftHeeatrva In teaplot ofthedogarithiraoflitie molecular

weight ofthespartienlar stangardvagainstibe elution velyme, the disiriution of the pare diameters and
therefore the average pore diameter can be determined by methods known from the literature. It is

furthermBréifrefsrabit foF tis Brosehn Ba Sulihbnaredr Béymertehave adore WoRiree in therange of

from 1t 1s0 shapes which deviate therefrom, such as, for example,
ellipses. However, two spherical bodies joined to one another
to give dumbbells are also to be included here. An irregular
15 shape 1s understood as meaning any broken shape which has no
symmetry. The resin particles preferably have a mean average
diameter of from 1 to 1,000 pm, meore preferably from 5 to

100 wum and particularly preferably from 10 to S50 um.

20 The crosslinked sulphonated polymer employed in the process
according to the invention or in the use according to the
invention preferably has pores in which the actual interaction
with the substances to be separated takes place. It is thus
preferably a porous polymer material. These pores preferably

25 have an average diameter of from 6 to 400 nm, particularly
preferably from 30 to 100 nm. The pore diameter is determined
by an inverse size exclusion chromatography. In this, the
phase material to be investigated is packed into a
chromatography column and a series of polymer size standards

30 is injected. From the course of the curve in the plot of the
logarithm of the molecular weight of the particular standard
against the elution volume, the distribution of the pore
diameters and therefore the average pore diameter can be
determined by methods known from the literature.

35



3 ml/g. The pore volume is determined by measurement of the water uptake capacity. The solvent for
which the pore volume is to be determined (different solvents can display different results because of
different wettability) is added to the phase material, of which the weight in the dry state has been
determined. Water is used as the solvent for the purposes of the present invention. Excess solvent is
filtered offtandsthe tr plase irateriz isfreed frohefurthes solvent inithiedntespariblenvolade in a

centrituge, Thednategal s fhen wsighed again.Only thepojes,saould sill 4g led vith the solvent
The porée volume can be calculated via the difference in weight between the filled and empty pores and
the densityn5/6f th@se|vent <Theodrasslinke ddstiishionsted polynisragitiployed in the proeess according

to the inyeption orin he use acearding ta the invention has the,advantage tat, n addition to the 20

lipophilic basic framework with the aromatic units in the side chain, it also contains ionizable groups,
such as 56lpRBniesacie §roUPERfifithisimahnEr itts SGitaa for iAfiractiotowithy thel meioridlecule by

both ionicdnteractions anddipophili interactions,,The sulphenic acid groupssherg 35 preferably serve
as anionic -SO3- groups which are capable of undergoing ionic interactions with cations of the

macrom&leddlR. Faftfiéridre, factdmblectles fiSmBidlogical S6uress, sichtas, f6rexafle, proteins,
DNA or RNA. glso-ave lipophiliciregionsyvhich ean interact yithsihe aramatic unis 30 of the

crosslinked sulphonated polymer as a lipophilic matrix. In this manner it is possible to employ solutions
which origifateffont A biofdyial $6tce BrtRFFicA CaRComprise’d @/éf%/rﬁé)h <hf cBhittntBRup to 1

mal/l obsaltwithautelution etthesmaeromalecules fremthejonexehangermaterial 35 occurring. The
crosslinked sulphonated polymer used according to the invention is preferably employed for the

isolation 0F Purifigatior dfmatromMGlectied coRtaming tafoniCYrolifs: ks midtrémBRReule is
preferablyea fiolegieal-macromolecule.cT he biotogicalimacremolecule iscpreferably:a peptide. The
peptide is very particularly preferabIX insulin. In other words, the , ,

solvent . The 'pore volume can be calculated via the difference

in weight between the filled and empty pcres and the density

15 of the sgolvent.

The crosslinked sulphonated polymer employed in the process
according to the invention or in the use according to the
invention has the advantage that, in additicon to the

20 lipophilic basic framework with the aromatic units in the side
chain, it also contains ionizable groups, such as sulphonic
acid groups. In this manner it is suitable for interaction
with the macromolecule by both ionic Iinteractions and
lipophilic interacticons. The sulphonic acid groups here

25 preferably serve as anionic -80; groups which are capable of
undergoing lonic interactions with cations of the
macromolecule. Furthermore, macromolecules from biological
gources, such as, for example, proteins, DNA or RNA, also have
lipophilic regions which can interact with the aromatic units

30 of the crosslinked sulphonated polymer as a lipophilic matrix.
In this manner it is possikle to employ solutionsg which
originate from a biological source and which can comprise a
very high salt content of up toe 1 wmel/l of salt without
elution of the macromolecules from the ion exchanger material

3% occurring.



present invention thus preferably relates to a use of the crosslinked sulphonated polymer for the
purification or 10 isolation of insulin from a solution.which originates from a biological source. The
preparation of the crosslinked sulphonated polymer is preferably carried out by sulphonation of an
already crosslinked polymer by employing sulphuric acid and similar materials, such as is known, for
example, for the preparation of sulphonated crosslinked polystyrene from the British patents GB

1116800.and GB h rati f crosslinked polymers is state of the art and can be
carried 20 out%yofi%/%ﬁ%?ggr% sEﬁ%ggll% i%%%ﬁ ﬁc:gﬁ#e%(ﬁ olfl%g%/maecﬁcc re"z\?[tnllls}t?y \%vﬁhga}t}te an inventive
step. Partictiamy prefetably redigever L thessuiploratiohds calriedioutias-fotlowsxdepending on the
desired degree of sulphgnation, for example, 2 polystyreneldivinylenzene: polymer,is stired.in a
mixture of sulphuric acid and wateF having auwater content [éjfl#%m 2 to 15% at em% ?atu:ggeof from
20C%0 80EF5PTdd 8bkis TEhevirefeasehinthe stiphirig aeid.cortent e tarngeratiPband the

reaction dmexeach ndiscltieads io.a8 narease inthedenrse of suphanatian. Badiysing al three

parameters, the desired degree of sulphonation can be achieved relatively precis fter the reaction
the polymér i$%inseBavith- @ittt ShlphFie seidand water JAccordingas ke inverton itti:also

preferable-farthe crosslinked syiphanated pelymer 9 be.coated with a,cresslinked.pplymer containing

amino groups, 5 The basic framework of the crosslinked polymer containing amino groups is

preferablyifé Sanid &S nidhtishes absde ForithBcrodsinked SUpKBRAESERGIPMeR The basic

frameworksisthus also-partieuanly preferably apolyviny framewerk here..Qnhis polywinyk framework,
amino groups are preferably linked 10 directly to atoms of the basic framework by covalent single
bonds. AREErdiTy- tithe3RYERtfoN, amino groups are understood as meaning primary, secondary,
tertiary or quaternary amino 15 groups, as well as also amidine or guanidine groups. The crosslinked
polymer containing the amino grou%g however, particularly preferably a crosslinked polyvinylamine.

The crosSIiTkiFg SPEEGTbESIinked pUlyMBPES AR afing nonated polymer is

preferably carried out by sulphonation of an already
15 crosslinked peolymer by employing sulphuric acid and similar
materials, such as is known, for example, for the preparation
of sulphonated crosslinked polystyrene from the British
patents GB 1116800 and GB 1483587. The preparation of
crosslinked pelymers is state of the art and can be carried
20 out by any perscon skilled in the art in the field of polymer

chemistry without an inventive step.

Particularly preferably, however, the sulphonation is carried
out as fcollows: depending on the desired degree of

25 sulphonation, for example, a polystyrene/divinylbenzene
polymer is stirred in a mixture of sulphuric acid and water
having a water content of from 2 to 15% at temperatures of
from 20°C to 80°C for 1 to 6 hours. The increase in the
sulphuric acid content, the temperature and the reaction time

30 each 1n itself leads to an increase in the degree of
sulphonation. By adjusting all three parameters, the desired
degree cf sulphonation can be achileved relatively precisely.
After the reaction the polvmer is rinsed with dilute sulphuric
acid and water.

35



20 groups is preferably carried out by reacting a linear polymer which contains primary or secondary
amino groups with a crosslinking reagent which can.form covalent bonds with the amino groups on two
ends. In principle any conceivable crosslinking reagent can be employed for this. According to 25 the
invention, however, crosslinking reagents in which all the amino groups used for the crosslinking are
still preséntdn tivs foymtof arhaminosgroupcafterthe srasklinking ate patiiculatlyrpreferably employed. In
this manréerroié isslelr}1 Ué%d %Q?ltt e amciré%gro%p%g}{ p{ot nation/aj:k%gltiontgreastiII 30 capable of

. . Ona A .
functioning as cationic ion exghanger grogp())s. is leads 16 aﬁﬁcfah engl%y of ibn exchanger groups on

the otherwises pophilicimatrixy/éter tercrosslimking thepreyicushsprimary or secondary amino groups
are then present as secondary or tertiary amino groups, In order to impart a positive charge to the
amino groups, these can be protonated. As an alternative to this, however, primary, secondary or
tertiary afiigo gesups darpaispdbekconierted intoaaicmagdammioniem ions by tr- b or 5
monoalkyiation wihanakylating seagent: The degtes.of grossliniing of.the gasalnked polymer
containing amino groups is preferably in the range of from 5 to 80%, particularly preferably in the
range of §rbAF6 6 BOYH 16 ahd rbstsréfarablyris the fargeoefsiom 1030409 KTHes peicentage figure

here relaes;to @sfwmlaﬁraoé@ml;tgwfg%%egf%ﬁmqaﬁﬂn@9%@@%@5&0%&?' thg,amino groups

of the non-crosslinked polymer. 15 It is particularly preferable for the weight ratio o the crosslinked
polymer ESRtAIMMTY HHIA §roupats RE Erosshiaked sulphbRatedpayméctoe.in therrdsge of from

0.0Bpto 03, particularhy proferably.from .08 1 9@%@&%@1&%@?%&%@1%%993?&- 20 The

crosslinked polymer containing amino groups is preferably present in the form of a layer/coating on the
crosslink@ﬂ%?phonated polymer. The crosslinked sulphonated polymer is preferably employed here in
the form of resin particles and is 25 coated with the non-crosslinked polymer containing amino groups
and is then crosslinked with the crosslinking agent. In this manner a high concentration of amino

groups cafi Berehfiged 6n the sarfac Without Be- RS0 IR BropaitfesteidRe AiatAL being lost

completely by thig precessrAn ige S0-exchangerresinwhichy by-pretonation/alkylatign of the amino
groups, is capable of interacting with anionic groups of the macromolecule is thus g:%)vided. In

addition, THE HBSphific 4k caf afsb Thderg a8 fipophific Ftérattons withHe fnadtéfolecule.

crosslinked polymer containing the amino groups, however, 1s

particularly preferably a crosslinked polyvinylamine,

The crosslinking of the crosslinked polymer containing amino

20  groups is preferably carried out by reacting a linear polymer
which contains primary or secondary aminoc groups with a
crosslinking reagent which can form covalent bonds with the
amino groups on two ends. In principle any conceivable
crosslinking reagent can be employed for this. Rccording to

25  the invention, however, crosslinking reagents in which all the
amino groups used for the crosslinking are still present in
the form of an amino group after the crosglinking are
particularly preferably employed. In this manner it is ensured
that the amino groups, by protonation/alkylation, are still

30 capable of functioning as cationic lon exchanger groups. This
leads to a high density of ion exchanger groups on the
ctherwise lipophilic matrix. After the crosslinking the
previously primary or secondary amino groups are then present

as secondary or tertiary amino groups.



13 The crosslinked polymer containing amino groups which is present on the surface of the
sulphonated polymer is preferably deposited in the.pores of the resin particles of the sulphonated
polymer, i.e. it is preferably present in the 5 pores of the sulphonated polymer. The crosslinked
polymer containing amino groups preferably has an average molecular weight in the range of from
20,000 ta 50:000=g/mod, morepreferably=30;00@€ ta:46,000 a/motHkd Badicalasly-preterably,
macromoalﬁ%%les such as DNA or RNA are Aesmoved Erg@ thae solutions %this c?;[ionic ion exchanger

resin, so that tﬁeCSOPutI}(D)% |€rp%%ﬁgg tfr%m this, and €e5|reﬁangle¥€Fncﬁgcu 8& Withott BKA or RNA can

be isolated froarthe Essolutibm £ qually preferably, andcromptecipes sach as eadbtoxins are removed
from the 8*‘1@89%9&( the jon %kta%gg resin (anion exchan eQEac qrding to the invention, so that
these init(?al y 20 remai%ﬁ)ond%)% to the %orf?e?c Hé?\rglé??les}r? %d Ke %glﬁti()nt}‘?slpre%)ént in a form mostly
freeFronMrecendoraxins.Either the ariginaksdlatiomganm badreed. from the endotoxins in this way and
used further, or the endotoxins can be obtained by elution from the ion exchanger resin with a suitable
solution. 25 Endotoxins are understood as meaning a class of biochemical substances. They are

decompdsitforfgdaaetseot actarial whichrsarafiggeengmersusiphiysiblogitaireactions in humans.
Endotoxins,are a-constitient of the outer cell membrang (OM = ayter @S%wi?&@ didpmenegative
, Whi

bacteria or blue algae. 30 Chemically they are lipopolysaccharides (LP are built up from a
hydrophifi® p8R/Sacéricectortentiaritr s fipsphiie in the range of from & to 60%

10  and most preferably in the range of from 10 to 40%. The
percentage figure here relates to the number of amino groups
used for the crosslinking in relation to all the amino groups

of the non-crosslinked polymer.

15 It is particularly preferable for the weight ratio of the
cresslinked polymer containing amino groups to the crosslinked
sulphonated polymer to be in the range of from 0.05 to 0.3,
particularly preferably from 0.08 to 0.25 and most preferably
from 0.11 to 0.20.

20
The crosslinked polymer containing amino groups is preferably
present in the form of a layer/coating on the crosslinked
sulphonated polymer. The crosslinked sulphonated polymer is
preferably employed here in the form of regin particles and is

25  coated with the non-crosslinked polymer containing amino
groups and is then crosslinked with the crosslinking agent. In
this manner a high concentration of amino groups can be
realized on the surface, without the lipophilic properties of
the matrix being lost completely by thisg process. An ion

30 exchanger resin which, by protonation/alkylation of the amino
groups, is capable of interacting with anionic groups of the
macromolecule is thusg provided. In addition, the lipophilic
matrix can also undergo lipophilic interactions with the
macromolecule.

35



lipid content. In contrast to the bacteria from which they originate, endotoxins are very heat-stable and
withstand even sterilization. Currently the most sensitive method for 35 measurement of endotoxins
functions via activation of the coagulation cascade in the lysate of amoebocytes which have been
isolated from horseshoe crabs (Limulus polyphemus). This test is known generally as the LAL test. 5
As alreatienentioned i theeriacromuoleculesacedrdingstosthe iaventicarorigingite Hrong biological
sourcesb'l'rkgaeS énrg,gr%rplolt uleslprefe géefggabtl%ga\é% rHoIecgléaéwei ht in th(—:jé range of from 1,000 to
0.2 kDa,”"more preferably 0'to 1 kDa and most pré é)ragﬁl/aff’om 0016’5 kDA 10 A solution which
originatesHfedim mabidlogitab seurceds undetstogebas meahing:solutens:whichtarelabtainéd, for
example fer i r.fe tion processes, body fluids oirgﬂant extracts, which preferably
have an ?ﬁrﬁe%@lﬁ%ﬁ%ﬁ‘?/ |é$§§ %n&g’e éf'f(rédm D1ms rrnet%ef n?é/gﬁeﬁ%ﬁeﬁ p%éi‘ef’e?tﬁ?y in the
range oftfrored to B0S/cm Bpdamasteprefarablysrom 10 to 20 mS/cm. These solutions are preferably
aqueous solutions. They preferably have a salt content of up to 1.2 mo1/1. Particularly preferably, their
salt content is 20 in the range of from 0.01 to 1.2 mo1/1, more preferably in the range of from 0.05 to
1.0 mol1Abhaénd iost picterblpinltiesange ot romi2530 8 nwdsLda the pfesent invehtion a salt is

undersiogd 3 mEAgING RN Salh SUCh a RoraRnIcand oigagle saltse hjch,are prpfargbly presentin

biological 25 liquids: These solutions are understood here as'meaning not only solutions which are
obtainedP&nd GSe @ divectly frsrhahebrdi6gieliisourées but aisoiol@tidhsawhieh have already been
pregessed in some manner. "Processed” is understood as meaning that the solutions have been
pretreated in some manner, for 30 example changing of the pH or separating off of substances before
the use AGCoTdiRg18 TR IRERSH SFHe ionfEEaRtictivty sedetsitfined adebiding tadf® 2T énvention

with a condpictivity meter fram Cﬂ@!ﬁﬁﬂ%ﬂ@’%}/gﬁMy 3430 cnic ion exchanger

resin, so that the solution is purified from this, and desired
target molecules without DNA or RNA can be isclated from the

15 solution.

Equally preferably, macromclecules such as endotcexing are
removed from the solutions by the ion exchanger resin (anion
exchanger) according to the invention, so that these initially

20  remain bonded to the lon exchanger resin and the solution is
present in a form wmostly free from the endotoxinsg. Fither the
original sclution can be freed from the endotoxins in this way
and used further, or the endotoxins can be obtained by elution
from the ion exchanger resin with a suiltable solution.

25 Endotoxins are understood as meaning a class of biochemical
substances. They are decomposition products of bacteria which
can trigger numerous physiological reactions in humans.
Endotoxins are a constituent of the outer cell membrane (OM =
outer membrane] of Gram-negative bacteria or blue algae.

30 Chemically they are lipopolysaccharides (LPS), which are built
up from a hydrophilic polysaccharide content and a lipophilic
lipid content. In contrast to the bacteria from which thevy
originate, endotoxins are very heat-stable and withstand even
sterilization. Currently the most sensitive method for

35 measurement of endectoxins functions via activation of the



With the crosslinked sulphohated polymers used according to the invention or the crosslinked
sulphonated polymers coated with a layer of a crosslinked polymer containing amino groups, 5
biological macromolecules can thus be bonded from solutions having an extremely high salt content,
without the solutions having to be diluted beforehand by additional dilution steps or dialyses. In this
manner theggresentiinventiorprovides antinexpensive processkaindnexpensive; use fosthe purification

of 10 bioJogical ma omo{lgc}yles_ referably insulin, monoclonal antibodies, DNA or RNA. In addition,
the ion e%?:gr%élng*esrcggt‘éﬁals Use %qﬁ/restﬁgé%a%%/aﬁ%aag@ésthgf ﬁ%}lﬁc%sn 5e’ (% }Ilc?yﬁé%sl the 8ritire pH

range of fropt 1ie 14nsuch aswerarklip ligaidsiorigiddtingsfeam biological sources. 15 The present
invention furthermore also relates to the further embodiments: (i) Process for separating off a
macromolecule from a 20solution which originates from a biological source using a crosslinked
sulphonatéd pblyaelhcomtainingre sulphoratedaronatie unite whichds séibstituted by:an aliphatic

radical ot Hnsypstitied, banderd to s bl framewarky 25 (1) Frogessyggeording to embodiment (i,
wherein the basic framework is a crosslinke y

polyvinyl framework. Process according to
embodinfEit DR LD ivhefeiftie 3narohtatidunit isavphenyisulpliodia acicegoup. (iv)Process

accordinggac?@eﬁ epbadimentsio (), whereip the grosslipgked sulphppategpglymer is.4 sulphonated
polystyrene/divinyibenzene copolymer.

and most preferably from 300 to 5 kDa.

10
A solution which originates from a biological source is
understood as meaning solutionsg which are obtained, for
example, by fermentation or fermentation processes, body
fluids oxr plant extracts, which preferably have an ionic

15 conductivity in the range of from 0.1 mS/cm to 120 m&/cm, more
preferably in the range of from 1 to 60 mS/em and most
preferably from 10 to 20 mS/cm. These sclutions are preferably
agqueous solutions. They preferably have a salt content of up
to 1.2 mol/l. Particularly preferably, their salt content is

20 in the range of from 0.01 to 1.2 mel/l, more preferably in the
range of from 0.05 to 1.0 mol/l and most preferably in the
range of from 0.25 to 0.6 mol/l. In the present invention a
salt is understood as meaning any salt, such as inorganic and
organic salts, which are preferably present in biolegical

25 liguids. These solutions are understood here as meaning not
only solutions which are obtained and used directly from the
biological sources, but also solutions which have already been
processed in some manner. "Processed" is understood as meaning
that the solutions have been pretreated in some manner, for

30 example changing of the pH or separating cff of substances

before the use according to the invention.

The ionic conductivity is determined according to the
invention with a conductivity meter from Greisinger, type

35 GMH 3430.



(v)Process according to one of embodiments (i) to (iv), wherein the degree of crosslinking of the
crosslinked sulphonated polymer is 0.5 to 50%. 5(vi)Process according to one of embodiments (i) to
(v), wherein the degree of sulphonation is 1 to 80%, based on the number of moles of sulphonic acid
groups in relation to all the sulphonatable monomer units employed for the polymerization. 10 (vii)
Process according to one of embodimentsto (vi), wherein the crosslinked sulphonated polymer is

presentwth fQr. of S articles. 15 wﬁrDPro ccording to embodiment (vii), wherein the resin
particles hav% ;% rl%an%vée%aege |a(§netergt cl Igrocess%ccor nrg& 1)’gr’nﬁé?dlmentor

(viii), whé&tein 2@ﬂ%ﬂ@$mﬁanCIes¢1avewéshavmgWag&@aarpeibmmm range efifrom 10 to
400””liéE?P%FSEQQ%”%ﬁgép898&5?9%%%@“58?&@&%(Q%ntaining amino groups,
5 Dbiological macromolecules can thus be bonded from solutions

having an extremely high salt content, without the solutions
having to be diluted beforehand by additional dilution steps
or dialyses. In this manner the present invention provides an
inexpensive process/an inexpensive use for the purification of
10  biological macromolecules, preferably insulin, monoclonal

antibodies, DNA or RNA., In addition, the ion exchanger
materials used have the advantage that they can be employed in
the entire pH range of from 1 to 14, such asg ocours in ligquids

originating from biological sources.

15
The present invention furthermore also relates to the further
embodimenta:
(i) Process for separating off a macromolecule from a
20 solution which originates from a bioclogical source using
a crosslinked sulphonated polymer containing a
sulphonated aromatic unit, which is substituted by an
aliphatic radical or unsubstituted, bonded to its basic
framework.
25
(14i) Process according to embodiment (i), wherein the basic
framework 1g a crosslinked polyvinyl framework.
(i1i} Process according to embodiment (i) or (ii}, wherein the
30 aromatic unit is a phenylsulphonic acid group.
{iwv) Process according to one of embodiments (i) to (iiiy,

wherein the crosslinked sulphonated polymer is a
sulphonated pclystyrene/divinylbenzene copolymer.

35



wherein the macromolecule is a peptide. 25 (xi) Process according to embodiment (x), wherein the
peptide is insulin. (xii) Process according to one of.embodimentsto (ix), 30wherein the crosslinked
sulphonated polymer is coated with a crosslinked polymer containing amino groups. Process
according to embodiment (xii), wherein the degree of crosslinking of the polymer containing amino
35groups isiin the fange oEfrem—®10i80%. txiWRrocdssatpoidingta € mbiadiment! (xit} or (Xii )

wherein the crossigkeglnqly pRL comalnine aing gioups siosslinked polyvinyiaming, pdQ ()
Process according to one of embodiments ( wherein all the amino groups used for the are present in
the form of an amitie-aftererdssiinkingmertoi(xivg,-Grosslinkirig. the

5 {(vi) Process according to one of embodiments (i) to (v},
wherein the degree of sulphonation is 1 to 80%, based on
the number of moles of sulphonic acid groups in relation
to all the sulphonatable monomer units emploved for the
polymerization.

10
{(vil) Process according to one of embodiments (i) to (vi},
wherein the crosslinked sulphonated polymer is present

in the form of resin particles.

15 {(viii) Process according to embodiment (vii), wherein the
resin particles have a mean average diameter of from 1
o 1,000 um.
(ix) Process according to embodiment {(viil) or (viii), wherein
20 the resin particles have pores having an average

diameter in the range of from 10 to 400 nm.

{3) Process according to one of embodiments (1} to {ix),
g9

wherein the macromclecule is a peptide.

25
(1] Process according to embodiment (x), wherein the peptide
ig insulin.
{xii) Process according to one cf embodiments (i) to {ix},
30 wherein the crosslinked sulphonated polymer is coated

with a crosslinked polymer containing aminc groupg.

{xiii) Process according to embodiment (xii), wherein the
degree of crosslinking of the polymer containing amino

35 groups is in the range of from 5 to 80%.



(xvi) Process according to one of embodiments (xi ) to (xv), wherein the weight ratio of the crosslinked
sulphonated polymer to the crosslinked polymer containing amino groups is in the range of from 3 to
20. 15 (xvii) Process according to one of embodiments (xii) to (xvi), wherein the macromolecule is an
endotoxin, DNA or RNA. The invention is to be explained in the following with the aid 20 of figures
and examples which, however, are not to be understood as limiting the scope of protection. Figures:
25 Figure i Comparison.of apion.axehanger usedaccording fo.fi invention witn the uses. ot
according to the invention, of two ion ex%hangers accorcﬁng to fhie dtate of thé ar By méasurement of
the loading capacity:withzivsudiniasa functibyngf the salt 30voncertnation. Figung2: Plot of the
extinction of the e ins fi . fermentation solution through an anion
exchanger materi%&s%e%ggﬁ%%ﬂ%%g ?ﬁfg%ginveﬁ%{ognl Figure 3: Comparison of an ion exchanger
used according to the invention with the uses, not according to the invention, of two ion exchangers
according,q the state of the ait by measuremeny, of the logding canacity witp;DN@ as @ fungtion of the
salt concentration. Examples: 10

wherein all the amino groups used for the crosslinking

are present in the form of an amine after the

crogslinking.

10
{(xvi}) Process according to one of embodiments (xii) to {xv),
wherein the weight ratio of the crosslinked sulphonated
polymer to the crosslinked polymer containing amino
groups 1s in the range of from 3 to 20.
i5

{(xvii) Process according to one of embodiments (xii) to (xvi),

wherein the macromolecules is zn endotoxin, DNA or RNA.

The invention is to be explained in the following with the aid
20 of figures and examples which, however, are not to be

understood as limiting the scope of protection.

Figures:

25  Figure 1: Comparison of an ion exchanger used according to the
invention with the uses, not according to the
invention, of two lon exchangers according to the
state cf the art by measurement of the loading
capacity with insulin as a function of the salt

30 concentration.

Figure 2: Plot of the extinction of the eluate against time
after passage c¢f a fermentation solution through an
aniocn exchanger material used according to the

35 invention.



Example 1 Preparation of a cation exchanger resin based on a _ - crosslinked sulphonated polymer
Aim of the set-up: Sulphonation of the polystyrene,support 15 Amberchrom XT 30 (commercially
obtainable from The Dow Chemical Company, formerly Rohm & Haas) at 20C. 165 ml of conc. H2SO4
were introduced into a temperature- controllable 250 ml reactor. 30.0 g of the support material 20 were
added to the sulphuric acid and the weighing bottle was rinsed three times with 20 ml of conc.

sulphuri jd.each.ti - additign of. rial, the ion was stirred, and
tem pera%ﬁ%%?nt%ile@%?@%%%?t%rq?re%%tigrﬁgfm%eq%%%%?gg s%&egns%%é&v%%%d%%negé o#f%% from the
reactor and distributed oventwers5e Witsyringes SEie stphude aciddsasfilteretfoff with suction and
the phase was rinsed successively with 200.m| of dilute,(62%. strength) sulphuric.agi 125 ml of
water, 175 ml of methanol, 125 ml of water and finally with I75 ml of methanol. The phase was 30
sucked dry and then driéd-gt 50C i ¢aduo: The detefnmalicn of e sdiphérsiedeidgroups is carried
outin an HPLC column,by, loading, with amyponium, acetate, subseguentelution of the ammonium

bonded and detection via indephenol 35 blue. A suiphonic acid content of 375 pinol/mi resulted. This
concentration.

Examples:
16
Example 1: Preparation of a cation exchanger resin based on a
crosslinked sulphonated polymer
Aim of the set-up: Sulphonation of the polystyrene support
15 Amberchrom XT 30 {commercially obtainable from The Dow

Chemical Company, formeriy Rohm & Haas) at 20°C.

165 ml of conc. H 850, were Iintroduced into a temperature-
controllable 250 ml reactor. 30.0 g of the support material

20 were added to the sulphuric aclid and the weighing bottle was
rinsed three times with 20 ml of conc. sulphuric acid sach
time. After the addition of the support material, the
suspension was stirred, and temperature-controlled at 20°C.
LAfter a reaction time of 2 h the suspension was drained off

25  from the reactor and distributed over twg 150 ml syringes. The
sulphuric acid was filtered off with suction and the phase was
rinsed successively with 200 ml of dilute (62% strength)
sulphuric acid, 125 ml of water, 175 ml of methancl, 125 ml of
water and finally with 175 ml of methanol. The phase was

20 sucked dry and then dried at $0°C in vacuo.

The determination of the sulphonic acid groups i1s carried out
in an HPLC column by lcoading with ammonium acetate, subsequent

elution of the ammonium bonded and detection via indophenol

Lt

umel /ml resulted. This

L

M~ i L e
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35 blue. A sulphonic

Al



corresponds to a degree of sulphonation of approximately 13%. The particle size is on average 30 pm.
The particles are spherical with an average pore diameter of 22 nm and an average pore volume of
1.25 ml/g. 5 Example 2: Preparation of an anion exchanger based on a crosslinked sulphonated
polymer coated with a crosslinked polymer containing amino groups: 10 Amberchrom CG1000S from
Rohm & Haasts usedastthe basisdfoe thecibnexthangertmaterial Thisis-silphonrated,as:explained in
ExampIeI:lﬁ ewi %9%03._/()0%@@%% guljphu{girc1 ag{}d ataS%C %%r 31hour§hParticlets. having a mean average size
of 30 pm and 1 average pore diametér of from 221025 nm aere%ablfalﬁ(e:d%ﬁ tﬁijéeprocedure. The
water uptakescdpatity or the porexvelumegcofthe sesulng:selphofated potystyréneris determined by
Weighingat\pglda(geg,égpgoggtle\%%olé%yﬁep% aggpg the same volume of water and then centrifuging
off excess water. The water in the 20 pores remains in its position by this procedure. After weighing
aga, the pore volume can be determined as about 1.2 to 1.3 ml/g from the difference in weight from
the dry polystyrene. 25 For coating the polystyrene, an aqueous polyvinylamine solution which

comprises-peipvByiamine having.anaveseog molgoulr weigl of. 35,000 g/mol s prepared. The ph

value is adjusted to 9.5. The amount of polyvinylamine here is of the polystyrene to be coated,
and the Volame ofithe SoRitibRBY 8 D59 b thangerecmiimeé detdrmined forthé polystyrene. The
polyvinylgmine solutign is, introduced inig a.firmly closed PE bottle together with the polystyrene and
the mixture is shaken on a screen shaker at a high frequency for 6 hours. Adequate thorough mixing
must be ensured here. After the procedure, the 35 polyvinylamine solution has worked itself into the
pores of xthealystwenesThe polyshugne isthep driedto;constant weightat 50C ina yaguum drying

cabinet. For crosslinking of '
the ion exchanger material. This is sulphonated, as explained

in Example 1, with 98% strength sulphuric acid at 80°C for 3

6]

nours. Particles Daving & mean averal

e size of 30 pm and an

e

15 average pore diameter of from 22 to 25 nm are obtained by this
procedure. The water uptake capacity or the pore volume of the
resulting sulphonated polystyrene is determined by weighing
the dried, sulphonated polystyrene, adding the same volume of
water and then centrifuging off excess water. The water in the

20 pores remains in its position by this procedure. After
welghing again, the pore velume can be determined as about 1.2
to 1.3 ml/g from the difference in weight from the dry

polystyrene.

25 For coating the polystyrene, an agueous polyvinyvlamine
solution which comprises polyvinylamine having an average
molecular weight of 35,000 g/mol is prepared. The pH value is
adjusted to $.5. The amount of polyvinylamine here is 15% of
the polystyrene tc be coated, and the velume of the sclution

30 is 95% of the pore volume determined for the polystyrene. The
polyvinylamine solution is introduced into a firmly closed PE
bottle together with the polystyrene and the mixture is shaken
on a screen shaker at a high frequency for 6 hours. Adeguate
thorough mixing must be ensured here. After the procedure, the

35  polyvinylamine soluticon has worked itself into the pores of



the polyvinylamine, the coated polystyrene is taken up in three times the volume of isopropar_lol, an_d
5% of diethylene 5 glycol diglycidyl ether, based on the number of amino groups of the polyvinylamine,
is added. The reaction mixture is stirred in the reactor at 55C for six hours. It is then transferred to a
glass suction filter and rinsed with 2 bed volumes of isopropanol, 3 bed vqlumes of 0.5 M TFA solution,
2 10 bedointumes of watemé bethvolymes of {:M:sodim hydroxide: selutien and finaliy-8 bed Vﬁlumes
of water. Example 3: Purification of insulin by the cation exchanger prepared in Example 1 1§ The
determingtléﬁr%%th%tlogléin% capacity with insuli of the %%R-th}f%gantgﬁﬁ e%ﬁe?ﬁgle]rpﬁféﬁﬁea i
Examplethis @&Fﬁi@'@fDujv\lvéxm:amlut&@wotb&n&ﬂn@oﬁiﬁmumﬁh%%ésama@@ngbmim@ mM lactic
acid at pH yarious.concentrations.of 20 NaCl. The loading capacity was determlned at 10%
breakthrél?&ggi %%%%a%ée with T&lv%ecocﬁ?pejt%%pngg%aﬁ%& T h%nr(gsﬁlfs e ﬁ%&%ﬁ’r}@@@re 1. The
comparisbrimaleridlgised wete thereomnisxsially obtainableiomexchangenmateralsfpshumo S”
from Merck ( Vi g\h joni acity. 50-100 pmol/mi, 25particle size 75-95 pm and "Source
SOs" frocr(}nlgS[i?sR%(egi]t%élEL 9% p%o E/%s%/%%hefdjo %f%%b%)bzglég, ﬁgr%(él{éls??e @6%%%?%% e at an NgCI .
content GFZ500RM iFFthelrRobikephiase the cdirgarison materiafs:stiow dnlyia vetyelaw capacity, which

IS transferred to a glass suction filter and rinsed with 2 bed

volumes of isopropancl, 3 bed volumes of 0.5 M TFA sclution, 2
10 bed volumes of water, 4 bed volumes of 1 M sodium hydroxide

sclution and finally 8 bed volumes of water.

Example 3: Purification of insulin by the cation exchanger

prepared in Example 1
15
The determination of the leading capacity with insulin of the
salt-tolerant ion exchanger prepared in Example 1 ig carried
out with a solution of 10 mg/ml of insulin in 20% isopropancl
with 50 mM lactic acid at pH 3.5 and various concentrations of
20  NaCl. The lcading capacity was determined at 10% breakthrough
and compared with two competing materials. The resultis are
shown in Figure 1. The compariscn materials used were the

commercially obtainable ion exchanger materials "Eshumo 8"

from Merck (polyvinyl ether, ionic capacity 50-100 umol/ml
b r
25  particle size 75-%5 um) and “"Source 303" from GF Healthcare
ipolystyrene/divinylibenzene, particle size 30 um).

While at an NaCl content of 250 mM in the mobile phase the
comparison materials show only a very low capacity, which is
30 no longer measurable at higher salt contents, the ion
exchanger used according to the invention still shows a
significant capacity up to 1 M NaCl. This can be cilearly seen

from Figure 1.



30 no longer measurable at higher salt contents, the ion exchanger used according to the invention
still shows a significant capacity up to 1 M NaCl. This can be clearly seen from Figure 1. Example 4:
Separating off of DNA by employing the anion exchanger resin prepared in Example 2: The first step in
the process of purification of monoclonal antibodies from fermentation solutions is the depletion of the
DNA cortaiaeg tkerein. Jdisfunctians by ffiltrationizofiihe dermentation salatian over a phase of the
anion excha%er repared.in Example 2. In. thi steg ttﬂe DNA bonds to the phase, and the

40 er Yesin ﬁfa ﬁ{f&.ln,%ﬁ 2
fermentation Solution passing throug quanti

aﬁvéiyei%s alimost freed from the DNA in this way. For
this, the anion exchanger prepared in Example 2 is packed into a 270 x 10 mm column with a bed
volume 207 d equilibrated with first 500 mM NaKPO4 pH 7.0 and then with 50 MM NaKPO4
pH 7.0. %%e?n?gr%%tio%%é ution is\%teere%%)v%? 15a 8%5 i filterand fraed” fgrorﬁTl %?é(’:%t%?@g 300 ml
of the fermméntation selufiovarefimtroduced onto thel calumnsvia an exterdapump.chheyfassage
solution the eluate.with 1M NaG1LRH 6.5and.the rinsing step with 1. M NaOH are pollected, 20 The
part in Figure 2 called passage solution comprises almost exclugvely the monoaclonal antlbo]ay and no
DNA. Elutforineiithe DA takes platerhoweser, enlybyathe appficatibr of NalOH. Thecoatent of DNA
in the pagsage, salgtion and:in, e, 25 fermentatian sqlutign s, defermingd,with & RicoGreen agsay in
accordance with the manufacturer's instructions.

phase, and the fermentation solution passing through

10 guantitatively is almost freed from the DNA in this way.
For this, the anion exchanger prepared in Example 2 is packed
into a 270 x 10 mm column with a bed volume of 21.2 ml and
equilibrated with first 500 mM NaXPO, pH 7.0 and then with
50 mM NaKPO, pH 7.0. The fermentation sclution ig filtered over

.

reed Irom precipitates. 300 ml of the

15 &

by
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fermentation sclution are introduced on to the column via an
external pump. The passage solution, the eluate with 1 M NacCl

pH 6.5 and the rinsing step with 1 M NaCH are collected.

20 The part in Figure 2 called passage solution comprises almost
exclusively the monoclonal antibody and no DNA. Elution of the

DNA takes place, however, only by the application of NaOH.

The content of DNA in the passage solution and in the
25 fermentation solution is determined with a PicoGreen assay in

accordance with the manufacturer's instructions.

Table 1:
dsDNA
fermentation solution dsDNA
(filtered) passage solution
4,767 ug 30 ug
100% 0.7%
9,046 ppm 57 ppm




Table 1: dsDNA fermentation solutiondsDNA (filtered)passage solution 4,767 pg30 pg 100%0.7%
9,046 ppm57 ppm 22 It can be seen from Table 1-that 99.3% of the DNA could be removed in the
filtration over the phase material. The bonded DNA is not eluted in the 1 M NaCl step, but only by
rinsing with 1 M NaOH, since the amino groups of the phase are deprotonated here and bonding to the
DNA is no longer present. As an alternative to the anion exchanger prepared in Example 10 2, the
commercially obtainable materials Q Sepharose FE from Amersham Biosciences and Fractogel TMAE
from Mefck were diso Bsed aSsepakatineaderfitsat iy Exatpld 4tlrethebdeterrnibdtioreof the static

capacity aLyatiaus salt cqatepts compared with Q Seehasose R and Fraglogel TMAE, a higher
5 The bonded DNZ& is not eluted in the 1 M NaCl step, but only by
rinsing with 1 M NaOH, since the amino groups of the phase are

deprotonated here and bonding to the DNA is no longer pregsent.

As an alternative to the anion exchanger prepared in Example
10 2, the commercially obtainable materials ¢ Sepharose FF from
Amersham Biosciences and Fractogel TMAE from Merck were also
used as separating agents as in Example 4. In the
determination of the static capacity at various salt contents
compared with Q Sepharose FF and Fractogel TMAE, a higher
15  loading capacity of the ion exchanger developed results even

at high salt contents.

Example 5: Separating off of endotoxins from fermentation

solutions by employing the anion exchanger resin prepared in

20 Example 2:

A fermentation solution which  comprises endotoxins is

"filtered® over a phase of the anion exchanger prepared in

Bxample 2. In this step the endotoxing bond toe the phase, and
25 the fermentation solution passing through guantitatively is

almost freed from the endcotoxins in thisg way.

For this, the anion exchanger prepared in Example 2 is packed

into a 270 ®x 10 mm column with a bed volume of 21.2 ml. The

S vy T o Y ey v TR e 2 Tl s s Al oy =
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0.45% um filter and

30 freed from precipitates. 300 ml of the fermentation solution

are introduced on to the column via an external pump.

The passage solution from the column comprises at least 90%
less endotoxinsg than the fermentation solution. The LAL test
a5 was used to detect the endotoxin content. In this manner the

fermentation solution could be freed from a largse proportion



15 loading capacity of the ion exchanger developed results even at high salt contents. Example_5:
Separating off of endotoxins from fermentation solutions by employing the anion exchanger resin
prepared in 20 Example 2: A fermentation solution which comprises endotoxins is "filtered" over a
phase of the anion exchanger prepared in Example 2, In this step the endotoxins bond to the phase,
and 25 the ferhrentativrcsolution passing thiough guantitativelylie almest e difrom thécendotoxins in
this way..EFQr tggcﬁ%%@@nmgagg%rﬁreggﬁgg @l@(aag'gple 2 is packed into a 270 x 10 mm column
with a bed volume of 21.2 ml. The fermentation solution is filtered over a 0.45 30freed from
precipitates. 300 ml of the fermentation solution are introduced on to the column via an external pump.
The passage solution from the column comprises at least 90% less endonoxins than the fermentation
solution. The LAL test 35 was used to detect the endotoxin content. In this manner the fermentation
solution could be freed from a large proportion of the endotoxins. The endotoxins were then washed
from the ion exchanger with a suitable eluate. 24



Claims 1. Use of a crosslinked sulphonated polymer for separating off a macromolecule from a
solution which originates from a biological source, wherein the crosslinked sulphonated polymer
contains a sulphonated aromatic unit, which is present in a form substituted by an aliphatic radical or
an unsubstituted form, bonded to its basic framework. 10 2. Use according to claim 1, wherein the
basic framework is a crosslinked polyvinyl framé&Aerms 3. Use according to claim 1 or 2, wherein
the sulphonated 15aromatic unit is a phenylsulphonic acid group. 4. Use according to one of claims 1
to 3, wherein the crosslinked sulphonated polymer is a sulphonated polystyrene/divinylbenzene
copolymer. 1.5. Use ae€orling twsene okeldimy inbanatietdeiptheeyrdeof cresslinkingef the
crosslinked sulphaniaied, PRIYMEL S, 0.5.10:30% o, &, Use Aecpiding g ape of elaims L1g 5 wherein
the degree of sulphonation is 1 to 80%, based on the number of moles of sulphonic acid groups in
relafion to all the stiphibratabie hisHorer weisranploybd ferithe Polymerzatio 7edse according to
one of claims 1 to £, wherein dbe crossiipad sulphanajed palymes:presentn dh orm of resin
particles. 358. Use according to claim 7, wherein the resin particles have a mean average diameter of
from 1 to 1,000 priti25 9. WiskCAcchbPdiRg 6 elaim7o0R8 fnkierefviiretresittpartielessiave pores having

an average diameter in the range.of from 1010400 0y pet i tuted form, bonded to

its basic framework.
10
2. TUse according to claim 1, wherein the basic framework is

a crosslinked polyvinyl framework.

3. Use according to claim 1 or 2, wherein the sulphonated

]
53}

aromatic unit is a phenylsulphonic acid group.

4., Use according to one of claims 1 to 3, wherein the
crosslinked sulphonated polymer 1s a sulphonated
polystyrene/divinylbenzene copolymer.

20
5. Use agcording Lo one of claims 1 to 4, wherein the

degree of crosslinking of the crosslinked sulphonated

polymer is 0.5 to 0%,

a8 6. Use according to one of claimg 1 to 5, wherein the
degree of sulphonation is 1 to 80%, based on the number
of moles of sulphonic acid groups in relation to all the
sulphonatable monomer units employed for the
polymerizaticn.

20
7. Use according to one of claimg 1 to &, wherein the

crosslinked sulpheonated polymer is present in the form

of resin particles.

35 8. Use according te claim 7, wherein the resin particles

o e e r = 5 = L .
» giameter of IZrom 1 to 1,000 um.

b

have a mean averag

{



5 10. Use according to one of claims 1 to 9, wherein the macromolecule is a peptide. _ 11. Use
according to claim 10, wherein the peptide is 10insylin. 12. Use according to one of clalms.l to 9,.
wherein the crosslinked sulphonated polymer is coated with a crosslinked polymer conta!nlng amino
groups. 5 13. Use according to claim 12, wherein the degree of crosslinking _of the cr(_)ssllnked polymer
containing amino groups is in the range of from 5 to 80%. 2014. Use according to claim 12 or 13,

wherein the crosslinked:pelysper: eentaining amino;groups is grosslinked palyyipylamine.  15. Use
according to one of claims 12 to 14, wherein all the 25amino groups used for the crosslinking are

present in the forn¥ 8f &t Ghfiffe BREFHEGrBSsIiking 14 62 Use HredRfinG e B¢ of clim<E 12 to 15,
wherein the macroraelgeulesis ansendotoxin, QNA of:RNA. 30

5
10. Use according to one of claims 1 to 9, wherein the

macromolecule is a peptide.

11l. Use according to claim 10, wherein the peptide ig

1¢ insulin.

12. Use according to one of claims 1 to 9, wherein the
crosslinked sulphonated polymer is coated with a

crosslinked polymer containing amino groups.

13. Use according to claim 12, wherein the degree of
crosslinking of the crosslinked polymer containing amino

groups 1is in the range of from 5 to 80%.

20 14. Use according to claim 12 or 13, wherein the crosslinked
polymer containing amino groups is crosslinked

polyvinylamine.

15. Use according to cone of claims 12 to 14, wherein all the
25 amino groups used for the crosslinking are present in

the form of an amine after the crosslinking.

15. Use according to cone of claims 12 to 15, wherein the

macromolecule ig an endotoxin, DNA or BNA.

30



