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The current invention is in the field of chromatography, in nore detail in
the fi el awof2opaliypepti de purification by chronat ographi eCrEPhad®osepl oyi ng
chromat ography colums. Herein is reported a chromat ography col um
separator which can divide a chromatography colum in an upper

chromat ography colum 5 chanber and a | ower chromat ography col um chanber,
and which has a variable position within the chromat ography colum, i.e.
the separator can slide along with the pressure dependent conpression of

t he surroundi ng chromat tial . Backgroun f the Invention
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Purification: nci pl es and Practice > roo
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New York. WHMPBHaN(59'53% BETMBEIAOIRMHAE HC puritication process.
In general chromatographic methods chromatography columns are employed which
are essentially comprising a column housing with an upper and lower fitting which
in turn comprises an inlet at the top of the column, an outlet at the bottom of the
column, a upper chromatography column frit, a lower chromatography column frit,
20 an upper distributor plate and a chromatographic material.

General chromatographic methods and their use are known to a person skilled in
the art. See for example, Chromatography, 5™ edition, Part A: Fundamentals and
Techniques, Heftmann, E. (eds), Elsevier Science Publishing Company, New York,
(1992); Advanced Chromatographic and Electromigration Methods in Biosciences,

25 Deyl, Z. (ed.), Elsevier Science BV, Amsterdam, The Netherlands, (1998);
Chromatography Today, Poole, C.F., and Poole, S.K., Elsevier Science Publishing
Company, New York, (1991); Scopes, Protein Purification: Principles and Practice
(1982); Sambrook, J., et al. (eds), Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y .,

30 1989; or Current Protocols in Molecular Biology, Ausubel, F. M., et al. (eds), John
Wiley & Sons, Inc., New York.



For the purification of imunoglobulins, which have been produced e.g. by
cell cultivation nethods, in general a conbination of different

chr omat ogwvapby/ee®ps i s enployed. Normally a protein A &CTiER2419/004621
chromat ography is followed by one or two additional separation steps. The
final purification step is a so called "palishing 5 step” for the renoval
of trace inpurities and contam nants |i ke aggregated i mmunogl obul i ns,
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separ at ed anth%aglgqo%@s %Eﬁ%hﬁ%n% iPOsYpsgebers is reported in WO
00/ 010675. In US 3,398,512 a romat ogr aphy apparatus is reported.

Chr omat ogr aphy. col utms wi tgllz] 30 partition elenents therein are reported in
US 3, 453, 811.High Pepsure figuisbliropabessahyfalumes ¥arenoriagen b hare-Lf Whidhe
sane is repomBdbe AodtRéyahodified s tenkdr add'@ ihesedl didngeterf andomay icbftain
m xtures is r?ﬁ)orted in US §h657, 8164. VO gOll/ 01?296FCT/ EP2010/ (2104621 3 -
othier components in the modular system, for €xample, column sections, adapters
20 and cone adapters, for joining column sections of different internal diameters, and
end plate units for funneling in or discharging out fluids. A column device
comprising a stationary phase having a plurality of particles adapted for interacting
with a mobile phase in order to separate different compounds of a sample fluid
dissolved in the mobile phase, a housing for at least partly housing the stationary
25 phase, and a separator separating sections of the stationary phase and being force-

coupled with the housing is reported in EP 1 916 522.

A segmented chromatography column including a plurality of media beds separated
and bounded by a plurality of porous members is reported in WO 00/010675. In US
3,398,512 a chromatography apparatus is reported. Chromatography columns with

30 partition elements therein are reported in US 3,453,811. In EP-A 1 892 526 a
column and cartridge column using the same is reported. A separation system for
the resolving of volatile mixtures is reported in US 3,657,864.



Summary of the Invention This separator as reported herein allows the

repl acenment of the chromatography material in the upper chronmatography

col utm chwaioizeri/oe19hout t he need to replace the chronmat ogcaprgoioohison
material in the | ower chromatography colum 5 chanber, it also allows e.g.
t he conbination of two different chromat.agraphy materials wth different
chromat ogr aphi cal functional groups in one chromatography colum, and in
t he presence of the separator nore honbgeneously packed chromat ography

col ums can HBummavy dethe Inveintien t he separator as reported herein reduces
the backpressure exerted by the colum, i.e. it reduces the pressure
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an aspect as jsgeéed herein is the use of a guide ring as reported herein
for mounting a fit into a cylindrical liquid chromatography col um.

Herein is reported as one aspect a guide ring of circular shape for use in a liquid
chromatography column, characterized in that the guide ring has a vertical
cross-section comprising two axially symmetric cross-section areas (5 and 6),

15 wherein each of the axially symmetric cross-section areas has

a) a tapering structure, wherein the tapering is from the outside to the inside

of the guide ring, and

b) a notch (8) with an opening directed to the inside of the guide ring for

mounting a frit.

20 In one embodiment the notch is a rectangular notch. In a further embodiment each
of the cross-section areas has a triangular shape and the longest side (7) has a
length of at least 1.5 times the diameter of the notch (8). In a further embodiment
the ring is made of rubber, plastic, silicone, polytetrafluoroethylene, polyethylene,
or polypropylene.

25 Also an aspect as reported herein is the use of a guide ring as reported herein for

mounting a frit into a cylindrical liquid chromatography column.

Also an aspect is a chromatography column separator comprising a guide ring as
reported herein and a frit mounted into the guide ring.

In one embodiment the frit is

30 a) a single frit, or



Al so an aspect is a chromatography col um separator conprising a guide ring
as reported herein and a fit nounted into the guide ring. In one enbodi nent
the fit iwWO2000/@eW8/ 012296PCT/ EP2010/ 004621 -4 b) two fiPCI/ERelk/oeds2Upper
fit and a lower frit. In another enbodinent a) the fit has a pore size of
froml gmto 20 gm or b) each of the fi-4s has a pore size of from1l gmto
20 gm i ndependently of each other whereby the pore size of the upper fit is
smal l er than the pore size of the lower fit. 5 In another enbodi nent the
frit is made of retteb,fritsi witlc emeppepditiyyprdaplpvenéit. pol yet hyl ene,

pol ytetrafl uoroethylene, sintered materials or conbinations thereof. In a
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an upper fit and nent e chromat ography
col urm separ anesidgrofdhd sepamapur fit or sai d lower fit has a pore size of
from1l gmto 20 gm whereby the pore size of the upper fit is smaller than

the pore sizgnghe bhBodigyt tHe'&rorhﬁoQt@?ﬁ}hé‘dluﬁm@ﬁdr%ms drafactdizbd tn that made of
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sinter materi a conbi nati ons there di rent the

chr onalOgr aphy. o6 i SEBEHG oFPRELS: i oQamalierabng, SOUHED Wi dBr SPRFT ached
to one side. |In a shesmhdtograping edlumentchirhieerdamslt arlowehoheharategreptat telatad t o0
the side of the chrﬂgﬁ[)grga&phy colum separator with the |larger pore

b) the separator has a variable position within the chromatography column by
sliding along the inner wall of the chromatography column.

15 In one embodiment the chromatography column separator comprises one frit, in
another embodiment the separator comprises an upper frit and a lower frit. In a
further embodiment the chromatography column separator or said upper frit or said
lower frit has a pore size of from 1 um to 20 pm, whereby the pore size of the
upper frit is smaller than the pore size of the lower frit. In another embodiment the

20 frit is made of nmetal, silicone, polypropylene, polyethylene,
polytetrafluoroethylene, sintered materials or combinations thereof. In one
embodiment the chromatography column separator has three or more distance
holders attached to one side. In a specific embodiment the distance holder are
attached to the side of the chromatography column separator with the larger pore

25 size.

Another aspect as reported herein is the use of a chromatography column separator
as reported herein for dividing a chromatography column in chambers. A further
aspect as reported herein is the use of a chromatography column separator as
reported herein for separating a chromatography column in an upper
30 chromatography column chamber and a lower chromatography column chamber.
Still another aspect is the use of a chromatography column separator as reported
herein for separating the chromatography material in a chromatography column in
two distinct fractions. Also an aspect as reported herein is the use of a



25si ze. Another aspect as reported herein is the use of a chromatography
col um separator as reported herein for dividing a chromatography colum in
chanmber s. Wl 2buv1pa9s aspect as reported herein is the us®CHEPA010/004621

chr omat ogr aphy col um separator as reported herein for separating a

chr omat ogr aphy colum in an upper 30 chramatography col um chanber and a

| ower chromat ography colum chanber. Still another aspect is the use of a
chromat ogr aphy col um separator as reported herein for separating the
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herein. | n or@rsegtap@ntoluma@. chr omat ogr aphy col urm conprises one or two 15
chr omat ogr aphy col umm separators. In a further enbodi nent of this aspect
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5 chromatography column separators. In a further embodiment of this aspect any
chromatography column separator is in contact with a frist chromatography
material and in contact with a second chromatography material, whereby the first

and the second chromatography material are

a) chromatography materials with the same chromatographical functional

20 group and of the same or different particle size, or

b) chromatography materials with different chromatographical functional
groups.

Another aspect as reported herein is the use of a chromatography column
comprising at least one chromatography column separator as reported herein for the

25 purification of a polypeptide.

Also an aspect as reported herein is a chromatography column separator application
device, whereby the device has at its bottom a shape that is inverse to the shape of
the upper surface of the chromatography column separator as reported herein and a

diameter that is smaller than the outer diameter of the guide ring.



b) chromat ography materials wth different chromatographical functional

gr oups. Anot her aspect as reported herein is the use of a

chr omat ogW@@EhI1/@da1%amMm conpri sing at | east one chromat ogP&pP2&I6/00sA1
separator as reported herein for the 25purification of a polypeptide. Al so
an aspect as reported herein is a chromatéography col um separ at or
application device, whereby the device has at its bottoma shape that is

i nverse to the shape of the upper surface of the chronmatography col um

separ at or as Depiled Besdriptaimofahd Invefiteomet er that is smaller than the outer
di aneter of the guide ring. WD 2011/012296PCT/ EP2010/ 004621 - 6 - Detail ed
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I ng,

to the ?nsi dé™YPERL and b) a notch with an opening directed to
the inside of the guide ring for mounting a fit. 10lt is reported a

chr omat ogr aphy cdl) untapsragastatcturef§ whersmpthe &ipenggas hmotina tootpideptoythesnsédd al i n
a chromat ogr aphy C%Nﬁ@g&iﬁ }ﬁz}g qparated parts, whereby a) the separator
separates the chronatog ap%y ol utMm in an upper chromat ography col um
chanber and a | ower chromat ography col um chanber, and 15b) the separator
has a variabl e pddia peishwithian openieg ditesicd gicahsyinsdeupin the guide ring for

mounting a frit.

10 It is reported a chromatography column separator for separating a chromatography

material in a chromatography column in two separated parts, whereby

a) the separator separates the chromatography column in an upper
chromatography column chamber and a lower chromatography column

chamber, and

15 b) the separator has a variable position within the chromatography column,

and
c¢) the separator is embedded in the chromatography material.

In column chromatography at least one or more polypeptides of interest, i.e. one or
more polypeptides to be purified, are separated from other polypeptides and
20 substances not of interest by a chromatographic separation method via the

interaction with a chromatography material.

The term "polypeptide" denotes a polymer consisting of amino acid residues joined
by peptide bonds, whether produced naturally or synthetically. Polypeptides of less
than about 20 amino acid residues can be referred to as "peptides". A polypeptide
25 comprising one or more amino acid chains or one amino acid chain of 100 or more
amino acid residues can be referred to as "protein". Polypeptides additionally may
also comprise non-amino acid components, such as carbohydrate groups.
Carbohydrate groups and other non-amino acid components may be added by the
cell in which the polypeptide is produced, and will vary with the type of cell.
30 Polypeptides are defined in terms of their amino acid backbone structures;
substituents such as carbohydrate groups are generally not specified, but may be



and c) the separator is enbedded in the chromatography material. In colum
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10 carboxyl terminal portion of the chains) which mediate the binding of the
immunoglobulin to host tissues or factors including various cells of the immune
system, some phagocytic cells and a first component (Clq) of the classical
complement system. In general a light chain comprises a light chain variable
domain and a light chain constant domain, whereas a heavy chain comprises a

15 heavy chain variable domain, a hinge region, and heavy chain constant domains,
i.e. a Cyl domain, a Cy2 domain, a Cy3 domain, and optionally a Cy4 domain.
Immunoglobulins may exist in a variety of forms, including, for example, the
fragments Fv, Fab, and F(ab), as well as single chains (e.g. Huston, J.S., et al.,
Proc. Natl. Acad. Sci. USA 85 (1988) 5879-5883; Bird, R.E., et al., Science 242

20 (1988) 423-426; in general, Hood, L.E., et al., Immunology, Benjamin N.Y., 2nd
edition (1984) and Hunkapiller, T., and Hood, L., Nature 323 (1986) 15-16).
Depending on the amino acid sequence of the constant domains of the heavy chain
immunoglobulins are assigned to different classes: IgA, IgD, IgE, IgG, and IgM.
Some of these classes are further divided into subclasses (isotypes), e.g. I1gG in

25 IgGl, IgG2, 1gG3, and IgG4, or IgA in IgAl and IgA2. According to the
immunoglobulin class to which an immunoglobulin belongs the heavy chain
constant regions of immunoglobulins are called a (IgA), d (IgD), e (IgE), g (IgG),
and m (IgM), respectively. In addition two types of immunoglobulin light chain are
possible, a lambda type light chain and a kappa type light chain.

30 The term “chromatography material” as used within this application denotes on the
one hand a solid material that can be used without further modification in a
chromatographic purification of a polypeptide of interest, such as hydroxyapatite,
and also material comprising a bulk core material which has been modified by the
introduction/coupling of chromatographical functional groups, for example by

35 covalent bonds, such as SP-sepharose®. The bulk core material is understood to be
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The term “buffered” as used within this application denotes a solution in which

changes of pH due to the addition or release of acidic or basic substances is leveled

35 by a buffer substance. Any buffer substance resulting in such an effect can be used.
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30 a chromatography method which employs a ‘“hydrophobic charge induction
chromatography material”. A ‘“hydrophobic charge induction chromatography
material” is a chromatography material which comprises chromatographical
function groups which can in one pH range form hydrophobic bonds to the
substance/polypeptide to be purified and which are charged either positively or

35 negatively in other pH ranges, i.e. HCIC uses ionizable hydrophobic groups as
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30 chromatographical functional groups of the chromatography material. To recover
the specifically bound polypeptide from the affinity chromatography material either
a competitor ligand is added or the chromatography conditions, such as pH value,
polarity or ionic strength of the buffer are changed. An “affinity chromatography
material” is a chromatography material which comprises a complex

35 chromatographical functional group in which different single chromatographical
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Corporation, East Hills, NY, USA), Cellul ose CM 23, CM 32, CM 52, hyper-D,
and partiwpheri@i¢meai | abl e from What man pl c, Brentford, POKGEP20dwioescki t e(r)
|RC 76, IRC 747, IRC 748, GI 73 (avail able from Tosoh Bi osci ence GrbH,
Stuttgart, Germany), CM 1500, CM 3000 (ayaiLl able from Bi oChrom Labs, Terre
Haute, IN, 25 USA), and CM SepharoseTm Fast Flow (avail able from GE
Heal t hcare - Amersham Bi osci ences Europe GtbH, Freiburg, Germany). The term
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( Cal bi othenj ,chyymatagraghy matenialio of Tass ofnipp agxchangs, chigggtograplgy material”.
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of the 10 subnitefidle hapelaysudiohicdasd neéuphs ichiodia@sdraptieal rfansiodd] group. aridy one
enbodi nent at_ | as&. 50 % of the SL{bSt nces/t%%l%/ge‘ptg de§ n}at ocf. interest are
removed, in angthé logr%?)%q%ﬁ AraPEraRyy 78 e SUBY Wc%é?i}%?‘ﬁppﬁspti des
not of 15 nt er ebtomategnapimoaidtinctionabhgrioupt Heatioardsolitinge whromatbdgashy @@tedtalst’, t he
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as used wi t higerbigs, QAT BBIA)] REB0tARH SRMBERSY WEXOR]ERiIaOR FOHECHheren,

chromat ogra net had, i ch tjon t ai ni a .

cobet ance nolRTBREY G20 USAb Do REALS Bialials Mop Buhshsmical sommyy -
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to the chro dral r b el[ReIy%P i to be
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i nterest, whianH padisphere §avagablsdrom Whatmen plsi Bréngierd, ik Anabarhie® IRC 76,

chromat ogr aphR T4 Er iR 7aRAGAT 93 (GPHMSR FbRAMThih BRIsteh&) GitH SsRgart N0t
necessarily denote that 100 % of subst ances/ pgl ypeptides not o

100 % of the s
i nterest are G&m30¥d GM drPPnEMs0Q (aypilahls from Broldmemdiaby, e bragte, Mie
subst apses/ paJypgpandleSMISépHatoseNt EFast FRiwe (aGailibid, frome GH NHedithcgigbodi ment

at |l east 50 % of the.substances/po tides n of i.nterest are renoved

fom the ool Ainthat B ARETE GBS R EBEE CerRieDs of the

subst ances/ pol ypepti des not of interest are renoved fromthe solution, in a

further enbodihedenm Shydrexsipatie chsahatograpkyibast usad edihpothypagnlicdien dertotesf
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95 % of the substan pepti des not Interest are reno 'romthe
sol uti on. chromatography material. Exemplary hydroxyapatite chromatography materials are

30 Bio-Gel HT, Bio-Gel HTP, Macro-Prep Ceramic (available from Biorad
Laboratories), Hydroxyapatite Type I, Type II, HA Ultrogel (Sigma Aldrich
Chemical Corp.,, USA), Hydroxyapatite Fast Flow and High Resolution
(Calbiochem), or TSK gel HA-1000 (Tosoh Haas Corp., USA).

The term “bind-and-elute mode” and grammatical equivalents thereof as used in

35 the current invention denotes an operation mode of a chromatography method, in



The terns "continuous elution"” and "continuous elution nethod", which are
used interchangeably within this application, denote a chromatography

nmet hod whwoebn/|2296 t he concentration of a substance ca®€Tmg2@b@bicen, i.e.
t he dissolution of a bound 35substance/ pol ypepti de from a chromat ogr aphy
material, is raised or lowered WD 2011/@42296PCT/ EP2010/004621 - 14 -
continuously, i.e. the concentration is changed by a sequence of snall
steps each not bigger than a change of in one enbodinent 2 % in another
enbodi ment ofwHichg a ofolitivm conaarihg at imxhypmbtitldnetosbbspmilﬁm daua;jpmigdetwta' on.
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sal t, “and or “DstelREpBNpERIe M oF kS0 olenlBhousd AN Rpu BN TROM BF VAT ),
once f1om a fsubggnces/pglypsptitesinatyof %ﬂr@ﬁéatedealos%eﬁdm @egamqunaenta&éﬂagfe The

change in thegs%epr ithe 'sﬁbﬁﬁ!&‘ce@ %h RItIELinteRAN afe 9%69&1 Ofn andfherd N
of 10 %. of the concentratlon of

anot her enbodi t bigge
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are changed Ir&@b%&}mﬁ alfinyherlenﬁ)odﬁﬁaﬁ\m fqast 90YCafithe aﬁﬁstdrﬁefﬂpdlyﬂ@ﬂfdeﬁi ha:nge
In the "Step ttr l'{ are rem ve(fj a Ler eacerr]nbo ?nlaense OZ% n n b’f%t Oc%n
col | ect ed. Afot ME&eh |nc? QUL M BN BTG | OOILPE  RI9RE AP g t b next
step ihSthe éuhstams/peb'b@pnde@net elsiptecest as rempwed.ed herein is a

chr omat ogr aphy col um separator for use in a chromatography colum. The

presence of o 152 afIek AhroibM ntliRe” bhE P RARLP 8§ APANLE AHEDT ok Ris@wiRRE

chromat ography col um chanber and a | ower
the current invention denotes an operation mode of a chromatography method, in

which a solution contammg a substance/polypeptide to be purified is applied to a
chromatography material, whereby the substance/polypeptide to be purified does
20 not bind to the chromatography material. As a result the substance/polypeptide to
be purified is obtained in the flow-through. Substances/polypeptides not of interest,
which were also present in the solution, bind to the chromatdgraphy material and
are removed from the solution. This does not necessarily denote that 100 % of the
substances/polypeptides not of interest are removed from the solution but
25 essentially 100 % of the substances/polypeptides not of interest are removed, i.e. in
one embodiment at least 50 % of the substances/polypeptides not of interest are
removed from the solution, in another embodiment at least 75 % of the
substances/polypeptides not of interest are removed from the solution, in a further
embodiment at least 90 % of the substances/polypeptides not of interest are
30 removed from the solution, and in one embodiment more than 95 % of the

substances/polypeptides not of interest are removed from the solution.

The terms “continuous elution” and “continuous elution method”, which are used
interchangeably within this application, denote a chromatography method wherein
e.g. the concentration of a substance causing elution, i.e. the dissolution of a bound

35 substance/polypeptide from a chromatography material, is raised or lowered



25 chromat ography colum chanber, and the separator has a variable position
within the chromat ography columm provided for by the guide ring, i.e. it
can slidewgestiyaadd%y within the col unm dependi ng on thePpraPsuvsogependent
conpressi on and expansi on of the chromatography material, and the separator
i s enbedded in the chromatography materialh- 30In a col um chromat ogr aphy
separation or purification of a crude polypeptide normally a chronmat ography
colum conprising a chromatography material and a nobil e phase is enpl oyed.
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35chr omat ogr aphi cal separation procéss but enables that only a fraction of
t he omatography material.

30 In a column chromatography separation or purification of a crude polypeptide
normally a chromatography column comprising a chromatography material and a
mobile phase is employed. The mobile phase is forced through the chromatography
column and therewith through the chromatography material by applying pressure to
the mobile phase. Mediated by the mobile phase the pressure is also applied to the

35 chromatography material whereby a pressure drop from the inlet of the



WO 2011/ 012296PCT/ EP2010/ 004621 - 16 - chromat ography materi al can be
exchanged, e.g. when the nmaxi mum operating pressure is reached, w thout the
need to rwplaci@itive entire chronmat ography col umm packi ng@CT/HPaa10i08462t he

chr omat ogr aphy col um separator according to the current invention permts
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be exchanged without interfering wth the chronmatography material in the

| ower chr omat ography col umtm chanber. Thus, it is possible to renove a
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required for maintaining a constant liquid phase flow through the column, i.e. the
chromatography material, increases. This in turn again results in a further break
down of the chromatography material particles resulting again in an increased

pressure and so on.

30 A chromatography column separation generally can be operated up to a maximum
pressure. When this upper pressure limit is reached the chromatography column

packing has to be replaced in its entirety.

It has been found that a chromatography column separator as reported herein
consisting of a guide ring and a frit mounted therein does not interfere with the
35 chromatographical separation process but enables that only a fraction of the
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polyethylene polytetrafluoroethylene, sintered materials or combinations thereof,

30 especially polytetrafluoroethylene coated stainless steel.

The chromatography column separator as reported herein can comprise in one
embodiment a single frit or in another embodiment a combination of an upper frit
and a lower frit. If the separator comprises one frit the frit has a pore size that is
smaller than the size of the particles of the chromatography material. In one
35 embodiment the pore size is 10 % or less of the average diameter of the particles of
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pm.

Therefore, the use of the chromatography column separator according to the
invention allows for a longer use of the chromatography material in the lower
chromatography column chamber and concurrently for a reduction of the costs of

25 the chromatography method.

In one embodiment the upper chromatography column chamber has of from 5 % to
15 %, in another embodiment 10 %, of the volume of the lower chromatography
column chamber. In another embodiment the upper chromatography column
chamber has of from 20 % to 30 %, in one embodiment 25 %, of the volume of the
30 lower chromatography column chamber. In still a further embodiment the upper
chromatography column chamber has the same volume as the lower

chromatography column chamber.

It has to be pointed out that a chromatography column separator as reported herein
does not make the separators or frits present at the inlet and the outlet of a
35 chromatography column obsolete. It is furthermore an additional separator placed
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30CGenerally the smallest inner dianeter of the fitting or guide ring or of
the upper fitting and of the lower fitting is smaller than the outer
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20 rectangle, in another embodiment of a rectangle with inner angles of 90°, 90°, 80°
and 100°. In one embodiment are the inner angles of 80° and 100° are at the upper

side or at the bottom side of the rectangle. In one embodiment the longest side of

the guide ring is the outer edge of the separator and has contact to the
chromatography column wall when the separator is placed inside a chromatography

25 column. In another embodiment the longest side has a vertical orientation. In still
another embodiment the cross-section areas of the fitting or guide ring have the

form of a rectangle with inner angles of 90° with the rectangular notch for taking

up the frit in one of the shorter sides or in case of a square in one of the sides. The

side with the notch is the side of the fitting directing to the center of the separator

30 and likewise the chromatography column or in other words the notch is in the side
of the fitting or guide ring that is parallel to the flow direction of the mobile phase

and that has a diameter smaller than the outer diameter of the frit. The guide ring

has besides the preventing of liquid phase and chromatography material particles

passing the separator beside frit the function to prevent the canting and therewith

35 stalling of the entire separator in the chromatography column during the

compression and expansion of the chromatography material upon the applying of
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latter case the two fittings or rings have in one embodiment a contact-area
comprising the lower side of the upper fitting or ring and the upper side of the
lower fitting or ring, whereby the contact sides are flat, i.e. have no notch or
25 groove, and are in line with the lower side of the upper frit and the upper side of the
lower frit, i.e. the lower side of the upper fitting and the lower side of the upper frit
form a single surface without offset and likewise the upper side of the lower fitting
or ring and the upper side of the lower frit form a single surface without offset

whereby both surfaces are parallel.

30 Generally the smallest inner diameter of the fitting or guide ring or of the upper
fitting and of the lower fitting is smaller than the outer diameter of the frit, i.e. the
fitting or guide ring extends over the outer perimeter of the frit towards the center

of the chromatography column.

In one embodiment the fitting or guide ring comprises at its upper surface three or
35 more holes each with a screw thread for use with a chromatography column



- 23 - The tinme point at which a chromatography material has to be repl aced
has to be determ ned individually for each conbi nati on of chromatography
mat eri al ,wpabypapidsde to be purified and chromat ogr aphy PCoOE®Re100M521 Thi S
can be depending e.g. on the specification to be followed or on the yield.
Once it was decided that the 5 chromat ogpaphy material has to be changed
the fraction of the chromatography nmaterial in the upper chanber can be
renoved w thout disturbing or damagi ng the packing of the fraction of the
chr omat ogr apsgparatoe apglication titveicé. dnarfutharehbodohertt kemptisasthe bngvemmiwngmi um.
The break down.of . t Wi t

\r'@ a“’eo?}ﬁﬁt o Lﬁf% QLA I¥dTRE £ %eaﬁ%lgy @Qu ?crk!&etp% g ! %e Wi th

chr omat ogr ap ronat o par

a reduced di smtodiményi tbe)ﬁttmm@oslmsttSefromh%w toasix iholesseither witheonwiithopbr es
of the fit ofifhemseparator are bl ocked. Therefore, it is also advisable to
remove the separator fromthe colum, clean the fit and introduce the

separ at or agal n.into the columm once tth fraction of t e.chromahg raﬁlhy

material in tREIEYSer CroRsReRtions gteap Of ditterspt, Hitings gt igutds angseare s
chr omat ogr ap tmglﬁfatzu)laalbross;sédubheﬂea of @ triaggulppGittinkSiscdhamingin Figurbe2b) a

chromat ogra ar at conprisin 4an ro fit_and ower
T ore Do ea BB skt of aFRARD MG 0Rl 0 IR FIBRE 2l hesrtiPrtefticrty
remain in pl acea oﬂ awrectangulenfigtignie showndt pachd segndifon He qrhssesmti@ga@m;n
material in tﬂ}guxje%"fﬁﬁt HBaTHESs dSedi®@San rtemgﬁtov@hhélobteﬁjg glr{%?%fthe The

chromat ogr aphy~col urm separator as rep rein can In any 2
chronaﬂ%grapﬁ%tcolunn in order to divide the chromatography col um |nto
two, three or nore individual and i ndependent chanbers. The pol ypeptide

eryt hropoi et i1p mgﬁreayalﬂeadpbawdmewroﬂ abepapdior Withta flige rinecontiRisingyipéd on
was nmade in fICI ent to eval uate the properties of the

chr omat ogr ap ‘?‘?o‘?”tfh‘?]r El?f bc’rs %flis is not intended to be a linitation of
the 25 scope of the invention but only presented as an exanple to

i |lustrate tHhéecchromatographgntalenn separfioguear & tnkertadVindd e phioorategrapliyon

di agram of a c%hfn?ﬁ%lﬂgrd?@é}&to;neﬁ{oﬁghmg%%hﬁ' fWLtlﬁke?tl})éyr ik g&)matogr%qhg ed

chromat ography mat er i al wher eb r omat IS O

Wi th al2hr onsOBERR SERATEBT ATrFCRABIeH rh%‘?lﬂgmﬁoa styroer@ﬁmhyg?%my @@rqwfﬁg a

separ at or anehr@hﬁmhqmaaénrbﬁlato'fgr@mahaeﬂalvuoh{pr@egblra@lﬁgttﬁ@ ERAtSE:
conpri sing one t can

h t t t
be seen that ?Hﬁ“‘ig%’g}?g‘? ﬂfg%scfgbég‘:‘}a%%&?ra lo‘ﬂlﬂgroéﬁ Oé%%ﬂagn’gh{éﬁfl ence
of the separ ahesmatogiapky ahaterizt dgrraphsidalthd ehsomaographiy columit, happheng a
separat or acg;?%%‘h&g o thel fb% bf“ég Gt& Binlafoek O%hgoio%r% eanhothgfe‘(xbﬁlen%o@?nrﬁjthe

35chr omat ogr aphy ma erira roma col
di sting® WOchomgtograpls P@W@Pamt@oal@ag the Zlavw direettomi oh theomobilepbases

wi t hout i nt erfgad i MdhatbBph] EONRIASARNY GROmSBRADRY LORNE RpEor is at

a predetermined position inside the chromatography column.

In a different or alternative method a chromatography column separator application
device is used. This device comprises a central, bell-like shaped corpus, a means
25 for moving the device up and down which is attached to the top of the device, at
least three connectors to the chromatography column separator, whereby the
connectors are connected/fixed to the separator and the corpus, and at least one
hole in the corpus for pressure adjustment between the area below the device and
the area above the device when placed in a chromatography column. In one
30 embodiment the connectors are bars with a screw thread at their lower end for
fixing the connectors to the fitting of the chromatography column separator. After
having placed the separator at its predetermined position the corpus of the device is
removed from the column, the connectors are screwed out of the fitting of the

separator and are also removed from the column. Likewise the removal of a



In Figure 7 the increase of the backpressure of a chromat ography col um
conprising a chromat ography colum separator as reported herein in
successi WeORoriggaaer at i on cycles of a nulti-use chromat @8Grapreronoiamm i s
shown. The regeneration step is best suited to exenplify this as in this
step the hi ghest backpressure in a chromppography cycle occurs. As can be
seen fromFigure 7 the backpressure continuously increases in successive
regeneration steps probably due to the increasing destruction of the
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to a chromatography column with reduced chromatography material bed height.

With the dividing of the chromatography column in smaller chambers the volume
(of the chromatography material in one chamber) to surface (of the chamber) ratio
is changed, i.e. lowered, and the stability of the chromatography material packing is

30 increased.

In Figure 5 chromatography columns comprising one (Figure 5a), two (Figure 5b),
and three (Figure 5c) chromatography column separators are depicted.



10 Figure 10 the analytical SEC elution diagramof the purification of the
anti body by a Hybri d- Chronat ography as reported herein is shown. Figure
10a) showsot2h”/ide22gr am of t he anal ysis of the product p®eRK/EFROIBIOgHSLE 9b) .
Figure 10 b) is the diagram of the product peak of a Hybrid-Chromatography
wi th the SP-sepharose in the upper chanbegs-of the Hybrid- Chromat ography
colum and the Q Sepharose in 15 the |ower chanber of the

Hybri d- Chr omat ogr aphy col umm. Figure 10c) provides the diagram of the
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remain in place. In this embodiment the packing of the chromatography material in

the lower chamber is less or even not at all disturbed.

The chromatography column separator as reported herein can be used in any
20 chromatography column in order to divide the chromatography column into two,

three or more individual and independent chambers.

The polypeptide erythropoietin was available in our laboratory at the time the
invention was made in sufficient quantity to evaluate the properties of the
chromatography column separator. This is not intended to be a limitation of the
25 scope of the invention but only presented as an example to illustrate the current

invention.

In Figure 6 the UV-absorption elution diagram of a chromatography of
erythropoietin with a Vydac C4 chromatography material is shown, whereby the
chromatogram a) is obtained with a chromatography column comprising no
30 chromatography column separator and chromatogram b) is obtained with a
chromatography column comprising one chromatography column separator as
reported herein. It can be seen that the chromatograms are identical thereby
showing no influence of the separator on the chromatographical behavior. Thus,
with the separator according to the invention it is possible to divide the

35 chromatography material in the chromatography column in two or more distinct



5 colum chanber as the separator reduces the pressure directed to the
chromat ography material in the | ower chromatography colum chanber. That is
by usi ng wWoOgepanamer as reported herein a pressure redu®Crer20108)4e1t he
chromat ogr aphy material can be effected. Thus, chromatography col ums
conprising a separator as reported hereipghave a reduced backpressure
conpared to chromat ography columms 10 with the sane bed hei ght but w t hout
a separator as reported herein (the backpressure is the pressure required
to force the fraelibhe oplthsmabér rwitigut tihterfeling mato greaghirgmatigeaphida) separatiort he

t ot al pressur %g wel | as the pressure changes as well|l as the pressure

i ncrease are Hédiced. As outlined above a reduced pressure and reduced
pressure changes can provide for an increased nunber of chromatography 15
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be pointed out that the chromatography material in this column was exchange a
second time and therewith the chromatography material in the lower chamber was
operated for 98 consecutive separation cycles without the need to be changed.
20 Without the use of a separator as reported herein the column material has to be

changed at an average after 15 cycles.

In Figure 8 the determination of the plate number of a Vydac C4 chromatography
column is shown. In chromatogram a) the peak of the tracer substance used for the
determination of the plate number is split up into two peaks. This shows that the
25 chromatography column packing has a defect, e.g. a rupture in the chromatography
material e.g. which opens an alternative flow path giving rise to the observed peak
doubling. In chromatogram b) the determination of the plate number after the
replacement of the fraction of the chromatography material in the upper chamber of

the chromatography column is shown. No more peak doubling can be seen.

30 Furthermore, with the chromatography column separator as reported herein it is
possible to pack a first chromatography material into the lower chamber and a
second, different chromatography material into the upper chamber of a
chromatography column. With two different chromatography materials a Hybrid-
Chromatography column is obtained.



fitting (2); b) separator with an upper fit (1) and a lower fit (3) and 5
an upper fitting (2) and a lower fitting (4); c) vertical cross-section of
t he gui dewpi2at/e296he separator conprising two axially PERFEPR10604621
cross-section areas (5 and 6) each having i) a tapering structure, wherein
the tapering is fromthe outside to the-pfiside of the guide ring, and i) a
notch (8) with an opening directed to the inside of the 10guide ring for
nmounting a fit. Figure 2Cross-section areas of different fittings: a)
cross-sect i orndfigwes 9 iaadlgﬁldﬁrferémttlﬂw@soﬂp)ion ehsion siéagraromofia ebroofategraptapezoi d

fitti ,
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of a Vydac CAlisgramndtiogpragiot peak of a Hybrid-Chromatography with the SP-sepharose in
the upper chamber of the Hybrid-Chromatography column and the Q-Sepharose in
15 the lower chamber of the Hybrid-Chromatography column. Figure 10c) provides
the diagram of the product peak of a Hybrid-Chromatography with the Q-sepharose
in the upper chamber of the Hybrid-Chromatography column and the SP-Sepharose
in the lower chamber of the Hybrid-Chromatography column. As can be seen from
the chromatograms presented in Figure 10 the Hybrid-Chromatography results are
20 essentially identical to the separate chromatography steps with only slightly

different retention times due to the different sequence of the chromatographic steps.
The chromatography column separator as reported herein:

- provides a means for using different types of the same chromatography

material in the upper and lower chromatography column chambers, e.g. in

25 the upper chromatography column chamber a chromatography material
with higher mechanical stability can be used and in the lower

chromatography column chamber a chromatography material with lower

mechanical stability can be used;

- provides a means for replacing used or torn or collapsed chromatography
30 material in the upper chromatography column chamber without the need to
replace the chromatography material in the lower chromatography column

chamber;

- provides a means for using in each of the chromatography column
chambers a different chromatography material with different



35col um. WO 2011/ 012296PCT/ EP2010/ 004621 - 28 - Figure 9UV-absorption

Q sepharose el ution diagram of a chromatogram of an IL13 receptor al pha
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ani on exchange chronat ography. Figure 10Anal ytical SEC elution diagram a)
di agram of the analysis of the 5product -pgak of Figure 9; b) diagram of the
product peak of a Hybrid-Chromatography with the SP-sepharose in the upper
chanber of the Hybrid-Chromatography colum and the Q Sepharose in the

| ower chanber of t héhrddpitopaiphicabfuntidgrahghoups allowing o) tid egniEimatidn ofievo
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upper chanber of the ography colum and t he SP-Sepharose in
t he | ower chanber of the Hybrid-Chromat ography col umm. Figure 11D agram
showi ng r esul BY Hging dheighropistegeipiyeccdyng soparatopas fenorted heras €& [acRtessyFe an
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chr omat dgr apﬁgg’ et u h 3ol ABAARL FEHISET ethendireisHie (directed pe n
t hat a reductdhesmatbghaphyi nfateiut i theflowehilgbaatopephi eblyhirschaaibeheltae v ey ed
with a separator as reported herein. 20Ex le, 1. Fermentation and
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10 with the same bed height but without a separator as reported herein (the
backpressure is the pressure required to force the mobile phase through the
chromatography material), i.e. the total pressure as well as the pressure changes as
well as the pressure increase are reduced. As outlined above a reduced pressure and
reduced pressure changes can provide for an increased number of chromatography
15 cycles without the requirement to change the chromatography material inside the
chromatography column. In one embodiment the chromatography material in the
lower chromatography column chamber of a chromatography column comprising a
chromatography column separator with distance holders is selected from
DEAE-sepharose or HA-Ultrogel.

20 Additionally by using a separator as reported herein a chromatography column can
be operated at increased flow rates of the mobile phase. This is due to the reduction
of the required pressure which has to be applied to the column for achieving a

predetermined flow rate (see Figure 11).

In one embodiment the chromatography column separator comprises distance

25 holders directed to the lower end of the chromatography column. In another
embodiment the chromatography column separator comprises three to six distance
holders.

The following examples and figures are provided to aid the understanding of the
present invention, the true scope of which is set forth in the appended claims. It is

30 understood that modifications can be made in the procedures set forth without
departing from the spirit of the invention.



reversed phase HPLC on a VWdac C4 chromatography material as reported in
25Exanpl e 1d) of EP 1 064 951. The RP-HPLC nmaterial Vydac C4 (Vydac)
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I's adjusted thgak Y. 1 andsagptibedaress afQdIrRpaAr ﬁaﬁlgamaqnc@xszmﬂgﬁ of a

chr omat ography col um t hat tltas Eeen ng | i br ted Wi t? % q%gtf%fy urt)tn

phosphate buffer. The JUPgYdqf v Vofsssetﬁ P2 °f 1o MR S] ough

of the ani on exchange achossrsettigr aphyf & otatangular fitting, d) cross-section area of an
upper fitting and a lower fitting.

15 Figure 3 Perspective views of a fitting comprising three holes with screw
thread are shown.

Figure 4 Cross-section of a chromatography column separator with a fitting
comprising three holes with a screw thread attached via three
connectors to a chromatography column separator application

20 device.

Figure § Chromatography columns comprising one (a), two (b), and three (c)
chromatography column separators.

Figure 6 UV-absorption elution diagram of a chromatography of
erythropoietin with a Vydac C4 chromatography material, whereby

25 the chromatogram a) is obtained with a chromatography column
comprising no chromatography column separator according as
reported herein and chromatogram b) 1is obtained with a
chromatography column comprising one chromatography column
separator as reported herein.

30 Figure 7 Increase of the backpressure of a chromatography column
comprising a chromatography column separator as reported herein in
successive regeneration cycles of a multi-use chromatography
column.

Figure 8 Determination of the plate number of a Vydac C4 chromatography

35 column.



Hybri d- Chr omat ogr aphy For the Hybrid-ion exchange chromat ography with a
chromat ogr aphy col umm contai ni ng a chromat ography col utm separ at or
accor di ngvbaotig2296rrent i nventi on the protein A el uat e PCOMPRIISIONMP2T he
anti-1L13R al pha antibody is adjusted to pH 7.1 20 and applied to the
Hybri d- Chr omat ogr aphy col um that has beeg-equilibrated with 10 niv

pot assi um phosphate buffer. After a wash step with 10 nM pot assi um
phosphate buffer the antibody is eluted with a 20 mM pot assi um phosphat e
buffer pH 7. Figutt® 2011/ 0-0ba96aT (ERDDAMDSOGUERD diagam- ofPatchromathgramsof

1. Guide ring of circul W L QUi p m,
characterized in that t eﬁ“géﬁgg ﬂ?&ISrnMEﬁ%SH tzli@ovdglf tq rggl S%E{l%ggé g%:o?ﬁ %hgﬁé&
conprising two axially @wm@f)gﬁaehﬁerbg&-sg@emseﬁmarl@a@hanméhr@mt%éphy@f t he

axially Ssymghhi€Cl1(cr OSnartcdal SECREIRASN dipraR) aPdiadRel bNeheShlalpsid e the
wherein_the tapering is fromthe Ouéizpde ;& t(ﬂe |n5|g§10f t he qui de _ring,
and b) a notch with ar?r%‘i}l&ﬁiﬂ‘?@kd%fr Bd % &) (Heerpms Pl Eneopradugt gﬁ‘?l?jé?fﬁ ng
for mounting a fit. 10Hybirl-Chivghadegrapltli ngith otled a8Mvséphaiar act thei 2pfed n
that the notch is a rectanqul ar .notch.; 3. .The ring accordi to an ne of
the preceding clains, C Sngrt ef’lfzgltaei #X%Hg%g%%ga e %(ggglél- s%r%:d%/i I ar eas
has a triangul ar shape Qi¥dpharesd wnthedowsi dearhles of the djthinideChramategrsphyl . 5
times the dianmeter of tclaﬁnﬁﬁ),t Cé)' diagram of the product peak of a Hybrid-

10 Chromatography with the Q-sepharose in the upper chamber of the
Hybrid-Chromatography column and the SP-Sepharose in the lower
chamber of the Hybrid-Chromatography column.

Figure 11 Diagram showing resulting column (back)pressure vs. set mobile
phase flow for an anion exchange chromatography material (DEAE

15 Sepharose). Diamonds: chromatography column without a separator
as reported herein; triangles: chromatography column with separator
as reported herein. It can be seen that a reduction of back-pressure
for higher bed heights can be achieved with a separator as reported

herein.

20 Example 1
Fermentation and Purification of Erythropoietin

The Fermentation and purification of Erythropoietin was carried out as reported in

European patent No. 1 064 951 B1. The data presented herein were obtained in the

reversed phase HPLC on a Vydac C4 chromatography material as reported in
25 Example 1d) of EP 1 064 951.

The RP-HPLC material Vydac C4 (Vydac) consists of silica gel particles, the
surfaces of which carry C4-alkyl chains. The separation of Erythropoietirr from the
proteinaceous impurities is based on differences in the strength of hydrophobic
interactions. FElution is performed with an acetonitrile gradient in diluted
30 trifluoroacetic acid. Preparative HPLC is performed using a stainless steel column
(filled with 2.8 to 3.2 liter of Vydac C4 silica gel). The Hydroxyapatite Ultrogel
eluate is acidified by adding trifluoro-acetic acid and loaded onto the Vydac C4
column. For washing and elution an acetonitrile gradient in diluted trifluoroacetic
acid is used. Fractions are collected and immediately neutralized with phosphate
35 buffer.



154. The ring according to any one of the preceding clains, characterized in
that the ring is nade of rubber, plastic, silicone,

pol yt et r avDroridaeivyl ene, pol yet hyl ene, or pol ypropyl ene PCH/EBI@0OH46A1 gui de
ring according to any one of clains 1 to 4 for nounting a fit into a
cylindrical |iquid chromatography col umm29206. Chr omat ogr aphy col um
separator conprising a guide ring according to any one of clains 1 to 4 and
a fit mounted into the guide ring. 7. The separator according to claim§6,
characteri ze@Exampledt the fit is a) a single fit, or b) two fits with an

upper fit a”qh%dBQNﬁHoféﬁa §ﬁLIB?ﬁ§?F&§ﬁﬁ§£ according to any one of claims

6 or 7, characterized 1 n fhat a) a pore size of froml1l mto 20
gm or WO 2011/012296PCT/ EP2010/ 004621 -31 - each of the flts has a
pore size of /At @rtidlginreesrsy Nphﬁdlébb@flyemaﬁwreqlu%éc%%rtdm tonies 8% e pore

size of the up@Réds leportdd HNWIO 2O0G/IE3 64 h@pBQkIy fl #RoRlanédWith Bs@mpldst10 9.
The separ at or ggcordlng to any one of clains 6 to 8, characterlzed I n that

the 5fit is M8dé of netal, silicone, pol ypr opyl ene, pol yet hyl ene,

Sequential-Chromatography

For the ion exchange chromatography the protein A eluate comprising the
anti-IL13R alpha antibody is adjusted to pH 6.5 and applied to a SP-Sepharose
cation exchange chromatography column that has been equilibrated with 10 mM
10 potassium phosphate buffer. After a wash step with 10 mM potassium phosphate
buffer the antibody is eluted with a 50 mM potassium phosphate buffer pH 6.5. The
pH value of the SP-Sepharose eluate is adjusted to pH 7.1 and applied to a
Q-Sepharose anion exchange chromatography column that has been equilibrated
with 35 mM potassium phosphate buffer. The purified antibody is obtained from
15 the flow-though of the anion exchange chromatography column.

Hybrid-Chromatography

For the Hybrnid-ion exchange chromatography with a chromatography column
containing a chromatography column separator according to the current invention
the protein A eluate comprising the anti-IL13R alpha antibody is adjusted to pH 7.1

20 and applied to the Hybrid-Chromatography column that has been equilibrated with
10 mM potassium phosphate buffer. After a wash step with 10 mM potassium
phosphate buffer the antibody is eluted with a 20 mM potassium phosphate buffer
pH 7.1.



pol ytetrafl uoroethyl ene, sintered materials or conbinations thereof. 10.
The separator according to any one of clains 6 to 9, characterized in that
t he separwibaniigarysi ses di stance hol ders all attached t®@ComPai0odescef the
separat or. 11. Use of a chromat ography colum separator according to
any one of claim6 10to 10 for dividing-agchromat ography colum in
chanbers. 12. Use of a chromatography col um separator according to any one
of claim6 to 10 for separating a chronmatography colum in an upper
chr omat ogr aphy col utm chanber and a Patsat Cidinsnat ogr aphy col utm chanber .
13. Use of a chromat ography col um separator according to any one of claim
6 15to 10 for; separ.ati . g . rial i phy
ol urm i1 twddi oy ey BE irGilaP SREROPARE T Rob S ol AT ek
separ at or accor didhgracterized i that she gridernimg has aveftinal segsaseationgecampsising
di fferent chromatQgr apaMy "BhfhétkScrloss-8Rbok MRt WAL ERN¥adO b Me AQ41R/
Chromatggraphy col umm conprising one or nore chromatography col um

r

separ at accor di YPmYneAPsyReCUn aa3i"A% 6 to 10. 16. The col umm according
to claim15, characterized in that the chromatography colum conprises one
or two chromat ographyperidgtrucasgawhdroin. thd Tapefifg i€ fbmnthe auesidediondie timsidery one

of clains 15 to 10q,t é:halag%tera{n%ed in that any 25 chromat ography col um
separator is in con]?a W 8% i st chromat ography material and in contact

w th a second chromatogr aph¥l material, whereby the first and the second
chr omat ogr aphy ndbe? ingfchapeth popening odirzGEPET PGS/ 0 482 guide3ing foy
chromat ogr aphy ma}&kdiales: skt h di fferent chromat ographi cal functional
groups. 18. Use of a chronatography colum according to any one of clains
15 to }3 For 2t.he "Hllilerrllggl gc%%lr 1r?g ?of Cl%ﬂ? ?,l Xlﬁ?zg[telndz%d in that the notch is a rectangular

notch.

3.  The ring according to any one of the preceding claims, characterized in that
each of the cross-section areas has a triangular shape and the longest side has

a length of at least 1.5 times the diameter of the notch.

15 4.  The ring according to any one of the preceding claims, characterized in that
the ring is made of rubber, plastic, silicone, polytetrafluoroethylene,

polyethylene, or polypropylene.

5. Use of a guide ring according to any one of claims 1 to 4 for mounting a frit

into a cylindrical liquid chromatography column.

20 6.  Chromatography column separator comprising a guide ring according to any

one of claims 1 to 4 and a frit mounted into the guide ring.
7.  The separator according to claim 6, characterized in that the frit is
a) a single frit, or
b) two frits with an upper frit and a lower frit.
25 8.  The separator according to any one of claims 6 or 7, characterized in that

a) the frit has a pore size of from 1 pm to 20 pm, or



519. Chromat ography col um packi ng device, characterized in that the device
has at its bottoma shape that is inverse to the shape of the
chr omat ogwvaphy/ai9am separat or according to any one of PCIr&iP&10604601 10 and
a dianeter that is smaller than the outer dianeter of the guide ring. 20.
Kit of parts conprising, 10a) a chromatography col um separator according
to any one of clainms 6 to 10, b) a fitting, c¢) a chromatography col um
separator application devi ce.

b) each of the frits has a pore size of from 1 um to 20 um independently of

each other whereby the pore size of the upper frit is smaller than the pore size
of the lower frit.

9.  The separator according to any one of claims 6 to 8, characterized in that the
5 frit is made of metal, silicone, polypropylene, polyethylene,

polytetrafluoroethylene, sintered materials or combinations thereof.

10. The separator according to any one of claims 6 to 9, characterized in that the

separator comprises distance holders all attached to one side of the separator.

11. Use of a chromatography column separator according to any one of claim 6
10 to 10 for dividing a chromatography column in chambers.

12. Use of a chromatography column separator according to any one of claim 6
to 10 for separating a chromatography column in an upper chromatography

column chamber and a lower chromatography column chamber.

13.  Use of a chromatography column separator according to any one of claim 6
15 to 10 for separating the chromatography material in a chromatography

column in two distinct fractions.

14. Use of a chromatography column separator according to any one of claim 6
to 10 for separating two different chromatography materials in one
chromatography column.

20 15. Chromatography column comprising one or more chromatography column

separator according to any one of claims 6 to 10.

16. The column according to claim 15, characterized in that the chromatography

column comprises one or two chromatography column separator.

17. The column according to any one of claims 15 to 16, characterized in that any
25 chromatography column separator is in contact with a frist chromatography
material and in contact with a second chromatography material, whereby the

first and the second chromatography material are

a) chromatography materials with the same chromatographical functional
group and of the same or different particle size, or
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18.

19.

20.

-32-
b) chromatography materials with different chromatographical functional
groups.

Use of a chromatography column according to any one of claims 15 to 17 for

the purification of a polypeptide.

Chromatography column packing device, characterized in that the device has
at its bottom a shape that is inverse to the shape of the chromatography
column separator according to any one of claims 6 to 10 and a diameter that

is smaller than the outer diameter of the guide ring.
Kit of parts comprising,

a) a chromatography column separator according to any one of claims 6 to
10,

b) a fitting,

¢) a chromatography column separator application device.



