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Method for purification of antibodies, antibody fragments or engineered variants
thereof using specific anthraquinone dve-ligand structures

The present invention relates to novel adsorbents applicable a process for the
separation or purification of antibodies, antibody fragments or engineered variants
thereof, which comprise anthraquinone dye ligands; corresponding purification
processes; and corresponding analytical or preparative separation kits.

Background of the invention:

Reactive dyes are well established products which are widely used in the textile
industry for the coloration of cellulosic textiles, such as cotton or viscose. The molecule
of such a reactive dye may be viewed as being made up of two interlinked units, each
of which has a distinct function. One unit is the chromophore whose function is to
impart the desired color and other tinctorial properties to the textile. The other unit is
the fibre reactive group which, under well established application conditions, reacts
chemically with cellulose to covalently bind the dye molecules to the textile to produce
a dyed material which is highly resistant to washing processes.

Whilst reactive dyes were initially developed to solve certain problems encountered in
the dyeing and printing of cellulosic textile materials, they have, over the years, been
found to possess properties, which make them of use outside the textile dyeing field.

It is known, for example, from U.S. Pat. No's. 4,016,149 and 4,546,161, that these dyes
can be attached by similar techniques to carbohydrate substrates, such as polymers
and co-polymers derived from agarose, dexirose, dextrans, etc. Reaction products of
such carbohydrate substrates and certain commercially available reactive dyes have
been used as adsorbents for the chromatographic separation or purification of certain
proteinaceous materials. Among the commercial textile dyes, which have been used as
ligands for protein or enzyme separation, are certain blue anthraguinone dyes
comprising a mono chloro triazine moiety, such as C.I. Reactive Blue 2 (Cibacron Blue
3GA), C.I. Reactive Blue 5 and C.I. Reactive Blue 49. Generally, these adsorbents
comprise more than one functionality, such as hydrophobic and ionic or hydrophilic
interactions and are often referred to as mixed-mode chromatography (MMC)
adsorbents. In contrast to ion exchange (IEX) or hydrophobic interaction (HIC)
chromatography with one defined mode-of-interaction of protein and ligand (charge and
hydrophobicity of the protein respectively), the interaction of a protein with a mixed-
mode ligand is a complex, multi-factorial interaction dependent on both charge and
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hydrophobicity distribution of the protein at a given pH and solvent and the structural
arrangement of functional groups of the ligand.

Affinity chromatography is based on the differential strong affinities of the proteins or
enzymes for the ligands on the stationary phase of the adsorbent and is increasingly
proving to be very crucial in high-end application areas like biopharmaceuticals and
diagnostics as described, for example, in WO 2004/052870. The nature of the
interaction may be hydrogen-bonding, electrostatic forces, stacking as a result of
favorable geometry or any other aspect that encourages the ligand-target relationship.
The ligand-target interaction should be sufficiently strong to allow the removal of the
other contaminant molecules from a mixture while keeping the ligand-target complex
intact, i.e. the proteins that have affinity to the ligands bind to the matrix while the
others with no affinity are washed out. The bound proteins can be selectively eluted
under conditions of varying pH, ionic strength and buffers as described, for example, in
P.D.G. Dean, W.S. Johnson and F.A. Middle (Ed), Affinity Chromatography: A Practical
Approach, 1982. The protein mixture can be subjected to separation by shaking or
passing over a column with the adsorbent.

Immunoglobulins are glycoproteins consisting of at least one Y-shaped building block
having two identical light chains {of weight ~25 kDa) and two identical heavy chains (of
weight ~50 kDa). Each chain is composed of constant and variable regions which are
divided into individual domains. Five distinct classes of immunoglobulin (corresponding
to certain heavy chain isotypes a (IgA), & (IgD), £ (IgE), u (IgM) and y (IgG)) are
observed in higher mammals. These molecules differ in size, charge, biological
properties, amino acid composition and carbohydrate content. The light chains may be
present in one out of two isotypes, termed kappa and lambda.

Applicability of immunoglobulins in the field of diagnostics or therapeutics, or
preparative and analytical applications is well established. In contrast to polyclonal
antibodies, monoclonal antibodies (Mabs) are antibodies that have identical specificity
towards a single antigen and constitute the fastest growing sector in the
biopharmaceutical industry. Besides the use of specific monoclonal antibodies as
biopharmaceuticals, there is also an increasing interest in the use of different types of
antibody fragments or engineered protein variants derived therefrom, since they may
differ both chemically and functionally from a polyclonal immunoglobulin preparation or
monoclonal antibodies.

The group of fragment antibodies (fAbs) encompasses fragments obtainable from
intact, in particular monoclonal antibodies, which fragmenis retain antigen binding
properties while avoiding disadvantages associated with the intact whole
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immunoglobulin molecule. [n particular, such fragments offer a number of advantages
over the intact protein for imaging and therapy. eThey have fewer side-effects in
patients due to the absence of the Fc (heavy chain) region or portions of the molecule
recognized as foreign by the patient's immune system, and they can be modified to

5 include therapeutic payloads. There are several types of antibody fragments. They are
either immunoglobulin fragments prepared by specific endopeptidase enzyme digestion
or that have been genefically engineered and are produced by corresponding
recombinant host cells. They may have one or more, identical or different antigen
binding sites. fAbs include, for example, monovalent fragments such as Fab’, Fab and

10 scFv; bivalent fragments such as F(ab'), diabodies and minibodies; and multivalent
fragments such as triabodies, tetrabodies, and TandAbs.

The most important method of producing fAbs is by recombinant technology. Such
techniques use a host cell to express the desired fAb, which is then separated from the

15 production medium and purified. Purification is commonly achieved by
chromatography, and is typically a complicated, multi-step process. This complexity
inevitably limits the yields of fAb that can be obtained, and significantly slows the
manufacturing process.

20 Many whole antibodies are purified by using Protein A affinity chromatography.
However, Protein A is recognized as having a number of deficiencies, including poor
stability, denaturation, high cost and regulatory concerns arising from the fact that
Protein A is itself biological material. Synthetic affinity ligands have therefore been
developed as alternative for the purification of antibodies having an affinity for Protein

25  A.fAbs are not purified by Protein A affinity chromatography, because the fAbs do not
have an affinity for Protein A, and therefore do not bind.

WO 2006/108760 of the present applicant describes anthraquinone dye ligands and
their use for the separation of bioclogical materials, selected from peptides,

30  polypeptides, proteins, nucleotides, polynucleotides, nucleic acids, steroids, lipids,
hormones, and in particular enzymes, proteins and peptides.

Triazine-based dyes for the affinity purification of immunoglobulin molecules are
disclosed in WO 87/10887, WO 2004/035199 and WO 2007/099374.

35
WO 2007/004954 suggests as dyes for the affinity purification of IgG and fragments
thereof certain [1,2,4]-triazolo-[1,5-Alpyrimidine derivatives.

WO 2009/138714 also suggests the use of certain triazine dyes for purifying fAbs.
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WO 2010/102114 describes the use of blue-dye adsorbents for the purification of fAbs
in combination with organic polymers.

As methods which have been suggested for separation of antibodies, antibody
fragments or engineered variants thereof so far are still associated with disadvantages,
there is a need for improved methods for antibody, like fAb, separation. Moreover, high
specific binding capacity is indispensible for application in pharmaceutical purification
processes.

Summary of the invention

The present inventors tested a multitude of derivatives of anthraquinone dye (blue-dye)
ligands as adsorbent for the improved separation and purification of antibodies,
antibody fragments and variants thereof. Surprisingly, only a subpopulation of
anthraguinone dye derivatives (attached to a carrier material) comprising
anthraquinone dye derivatives as further defined below provide an improved method of
separating and purifying fragments derived from immunoglobulin molecules.

Brief description of the drawings

Figure 1 illustrates a) the results of analytical sice exclusion chromatography (SEC)
and b) SDS-PAGE performed with IgG monomers and aggregates prepared therefrom
(by heat treatment as specified in the experimental part).

Figure 2 illustrates (a) the observed chromatographic separation profile for prior art
resin Blue Sepharose ® in an experiment separating human polyclonal IgG antibody
aggregates (Mu) and monomers (Mo} and the results of (b) SDS-PAGE as well as (c)
SEC of pooled fractions A and B of the chromatographic separation (mAU = milli
absorption units at 280 nm; CV = column volumes).

Figure 3 illustrates the observed chromatographic separation profile for BASF resins
BR36, BR37, BR45, BR46 and BR47 of the invention in an experiment separating
human polyclonal IgG antibody aggregates (Mu) and monomers (Mo)

Figure 4 illustrates the results of SDS-PAGE of single fractions of each
chromatographic separation as depicted in Figure 2a and Figure 3.

Figure 5 illusirates the results of an analysis of pools A and B (from chromatographic
separations of Figure 3 by analytical size exclusion chromatography.
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Figure 6 illustrates the results of an analysis of pools A and B (from chromatographic
separations) of Figure 3 by SDS PAGE,

Detailed description

a) Particuiar embodiments:

The present invention relates to the following particular embodiments:

An adsorbent for chromatographic purification of immunoglobulin molecules,
which adsorbent comprises a carrier matrix (or carrier) to which a dye ligand is
covalently attached, wherein said dye ligand is selected from anthraquinone dyes
and wherein the ligand density of said adsorbent is more than150, like 151 to 500
or 160 to 500 or 170 to 400 or 200 to 350 or 180 to 350 or 190 to 330 or 220 to
330 or 250 to 300 pmoles/g dry adsorbent, wherein ligand densities in the range
of 160 to 500 umoles/g dry adsorbent being preferred, ligand densities in the
range of 170 to 400 umoles/g dry adsorbent being more preferred, and 190 to
330 pmoles/g dry adsorbent being most preferred.

The adsorbent of embodiment 1, wherein said adsorbent comprises the reaction
product of said carrier matrix (as for example chemically activated; in particular
chemically activated in a manner known per se in the art, and as for example
described in the experimental part), and an anthraquinone compound of the
general formula 1

(HO,S); O‘O o (1)

O HN— B—N—<\

_<

wherein

X is halogen,
in particular F, Cl or Br; via which group the formation of said covalent
attachment to the carrier is effected by chemical reaction;

k and m are each independently of each other 0 or 1 and the sum of k+m being 1
or 2; in particular kis 0 and mis 1;



WO 2015/117984 PCT/EP2015/052246

B is an aromatic radical, comprising one or more, condensed or non-
condensed, in particular one, optionally mono- or polysubstituted aromatic
rings;

v is a substituent of formula

5
R z-y
—N
R‘l R
or
(Yo (Yhn
—”S—E :I j
(2b)
R; 7 =
10 like
(¥ (Y)n
—“ﬁm (2b')
Ri R R
or
n M
(2b")
R R
—N
|
R
wherein
15
n is each 0 or 1; with the proviso that both n are not simultaneously 0;

R are the same or different and are selected from H, alkyl, NH,, NH-alkyl, NH-
aryl, N(alkyl)s, NO,, OH, O-alkyl, CN, C(O)alkyl, C(O)aryl, C(O)NH,,
20 C(O)N(H)alkyl, C{O)N(alkyl)z, C(O)N(H)aryl, or halogen;
in particular R is hydrogen; alky in any of the above meanings is in
particular C-Csalkyl; and aryl is in particular phenyl;
R:  is hydrogen or optionally substituted C.~-Cjalkyl,
in particular R, is hydrogen;
25 Z is selected from a chemical bond,
-(CHy)ns- with n1 being an integer from 1 to 4,
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arylene,

-CHz-arylene-,

-80,-arylene-,

-C(O)N(H)arylene-,
5 -SO,N(H)arylene-,

-CH=CH-,

-‘SOz-CHz*CHgﬂ

-C{OINH-(CHo)n» with n2 being an integer from 1 fo 4

in particular, Z is a chemical bind or a -SO,-CH2-CHz- group; arylene in any
10 of the above meanings is in particular phenylene;

and
Y are the same or different polar functional groups selected from -SOsH, -
0OSO03H, -CO2H, -P(O)(OH),, -OP(O){(OH),, OH and SH;
15 in particular Y is selected from -SO3H, -OSO3H, and -COzH;

and optionally a linker molecule forming a, preferably covalent, linking group
between carrier matrix and anthraquinone compound.

20 Particular examples are compounds of formula (1) wherein B is an optionally
substituted phenylene bridge wherein said N-groups are linked to the aromatic

ring B in meta or para position.

Further particular examples are compounds of formula (1) wherein V is a

25 substituent of formula (2a), in particular, of the formula
SO20H
v
F', (2a)
like
30
SO20H
—N
b (@)

Preferred adsorbents comprise a carrier matrix fo which at least one of the
above-mentioned particular dyes of this embodiment is covalently attached,
35 wherein preferred ligand densities are in the range of 160 to 500 pmoles/g dry
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adsorbent, more preferred ligand densities are in the range of 1700 to 400
umoles/g dry adsorbent, and most preferably in the range of 190 to 330 pmoles/g
dry adsorbent.

The adsorbent of anyone of the preceding embodiments, wherein

B is is a substituent of formula

Yayz
(3a)
Ra Ro
W (3b)
444 (Va
(Y (Y
e
or
(3d)
Y

wherein
Y is as defined above,
n isOir1

n3 is0,1,2,30r4;
Y+ are the same or different and are selected from halogen, in particular Cl,
alkyl, in particular C+-Csalkyl, alkoxy, in particular C4-Cyalkoxy, NO, or Y, wherein
Y is as defined above;
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W is a chemical bond or is selected from -C(O)N(H)-, -SO,N(H)-, -SO»~ or
-N{H)-; and
Rz  is selected from H or alky, in particular C4-Csalkyl.

Particular examples are compounds of formula (1) wherein B is an optionally
substituted phenylene bridge of the formula 3a linked to said N-groups in meta or
para position.

Further particular examples are compounds of formula (1) wherein B is a
phenylene bridge of the formula 3a linked to said N-groups in meta or para
position, and wherein n3 is 1, 2, 3 or 4, and wherein at least one Y, radical is Y,
in particular -SO4H, ~O8S0OsH, or -CO,H. For example, n3is 0 or 1 and Y, is —
SO3H; or N3 is 4 and one Y, is ~SO3H and the other three residues are identical
or different C+-Caalkyl, like methyl.

Further preferred adsorbents comprise a carrier matrix to which at least one of
the above-mentioned particular dyes of this embodiment is covalently attached,
wherein preferred ligand densities are in the range of 160 to 500 umoles/g dry
adsorbent, more preferred ligand densities are in the range of 170 to 400
umoles/g dry adsorbent, and most preferably in the range of 190 to 330 umoles/g
dry adsorbent.

The adsorbent of anyone of the preceding embodiments, wherein B is an aromatic
radical of formula 3a.

Further preferred adsorbents comprise a carrier matrix to which at least one of the
above-mentioned particular dyes of this embodiment is covalently attached,
wherein preferred ligand densities are in the range of 160 to 500 umoles/g dry
adsorbent, more preferred ligand densities are in the range of 170 to 400
pumoles/g dry adsorbent, and most preferably in the range of 190 to 330 umoles/g
dry adsorbent.

The adsorbent of anyone of the preceding embodiments, wherein V is a
substituent for formula 2a, like 2a’ or 2a”,

Further preferred adsorbents comprise a carrier matrix to which at least one of
the above-mentioned particular dyes of this embodiment is covalently attached,
wherein preferred ligand densities are in the range of 160 to 500 ymoles/g dry
adsorbent, more preferred ligand densities are in the range of 170 to 400
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pmoles/g dry adsorbent, and most preferably in the range of 190 to 330 umoles/g
dry adsorbent.

The adsorbent of embodiment 4, wherein B is an aromatic radical of formula 3a,
wherein n3is 0, 1, 2, 3 or4 and Y, is alkyl, like C4-Caalkyl, or Y, like, -SOzH. For
example, B may be a 1,3-phenylene group, carrying in positions 2, 4, and 5 a C-
Caalkyl group, in particular methyl group, and in position 5 a residue Y, like -SO3H.

Further preferred adsorbents comprise a carrier matrix to which at least one of
the above-mentioned particular dyes of this embodiment is covalently attached,
wherein preferred ligand densities are in the range of 160 to 500 pmoles/g dry
adsorbent, more preferred ligand densities are in the range of 170 to 400
umoles/g dry adsorbent, and most preferably in the range of 190 to 330 ymoles/g
dry adsorbent.

The adsorbent of embodiment 5 wherein V is a substituent for Formula 2a,
wherein R is H and Z is selected from a chemical bond or -SO,-CH,-CHo-; in
particular Z is a chemical bond and Y is -SOsH, -OSO3H, or -CO»H, like -SO3H.: in
particular a substituent of Formula 2a’ or 2a".

Further preferred adsorbents comprise a carrier matrix to which at least one of
the above-mentioned particular dyes of this embodiment is covalently attached,
wherein preferred ligand densities are in the range of 160 to 500 pymoles/g dry
adsorbent, more preferred ligand densities are in the range of 170 to 400
pmoles/g dry adsorbent, and most preferably in the range of 190 to 330 umoles/g
dry adsorbent.

The adsorbent of anyone of the preceding embodiments wherein k is 0 and m is
1.

Further preferred adsorbents comprise a carrier matrix to which at least one of
the above-mentioned particular dyes of this embodiment is covalently attached,
wherein preferred ligand densities are in the range of 160 to 500 umoles/g dry
adsorbent, more preferred ligand densities are in the range of 170 to 400
umoles/g dry adsorbent, and most preferably in the range of 190 to 330 pmoles/g
dry adsorbent

The adsorbent of anyone of the preceding embodiments, wherein said adsorbent
comprises said anthraguinone compound attached to said carrier matrix via a
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10.

11.

12

11

linker, wherein said linker is selected from 6-diaminohexane (DAH) 1,4-
diaminobutane (DAB) 1,2-diaminoethane (DAE) 1,8-diaminooctane (DAO), 1,10-
diaminodecan, and, in particular, tri-2’-aminoethylamine (TREN).

Further preferred adsorbents of this embodiment are those, wherein preferred
ligand densities are in the range of 160 to 500 umoles/g dry adsorbent, more
preferred ligand densities are in the range of 170 to 400 ymoles/g dry adsorbent,
and most preferably in the range of 190 to 330 ymoles/g dry adsorbent.

The adsorbent of anyone of the embodiments 1 to 9, having a mean particle size
in the range of 10 to 200, like 20 to 180 or 45 to 165 or 80 to 120 or 80 to 110 ym,
determined as D(0,5) or D(4,3), in particular D(4,3).

Further preferred adsorbents of this embodiment are those, wherein preferred
ligand densities are in the range of 160 to 500 pmoles/g dry adsorbent, more
preferred ligand densities are in the range of 170 to 400 umoles/g dry adsorbent,
and most preferably in the range of 190 to 330 umoles/g dry adsorbent.

A process for chromatographic purification of immunaglobulin molecules, which
process comprises contacting a sample containing at least one desired type of
immunoglobulin molecules in admixture with contaminating inorganic and/or
organic substances with an adsorbent of anyone of the embodiments 1 to 10,
adsorbing said desired type of immunoglobulin molecules on said adsorbent,
optionally washing said adsorbent with a washing liquid, and afterwards eluting
the adsorbed material in order to obtain an eluate containing said desired
immunoglobulin molecules in enriched (i.e. more pure) form.

A process for chromatographic purification of immunoglobulin molecules, which
process comprises contacting a sample containing at least one desired type of
immunoglobulin molecules in a mixture with contaminating inorganic and/or
organic substances with an adsorbent of anyone of the embodiments 1 to 10,
adsorbing (optionally under selected conditions ) said contaminating inorganic
andfor organic substances, and obtaining a flow through containing said desired
immunoglobulin molecules in a more pure form.

Processes of embodiment 11 and 12 may also be repeatedly performed, they
may also be combined in any order and the combined processes may be
repeated in any order.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

12

The process of embodimenits 11 or 12, wherein said desired type of
immunoglobulin molecule is a functional antibody (Ab) or fragment antibody (fAb)

The process of one of the embodiments 11 to 13, wherein Abs and fAbs are
selected from chemically, enzymatically or recombinantly produced Abs or fAbs.

The process of embodiment 14, wherein said fAb is selected from the group of
Fab, F(ab’), (or Faby), Fabs, scFv, bis-scFv, minibody, diabody, ftriabody,
tetrabody, tandab; and single antibody domains and fragments thereof; wherein
polyvalent fragments thereof may have the same or different antigen specificity.

The process of embodiment 15, wherein said antibody domain is selected from
Vi, Vi, VhH and V-NAR domains.

The process of embodiment 16, wherein said domain fragment comprises at least
one CDR, in particular at least one of CDR1, CDR2 and CDRS3.

The process of one of the embodiments 11 to 17, wherein the immunoglobulin
containing sample to be purified is contaminated with denatured and/or
agglomerated /mulitimerized immunoglobulins, immunoglobulin or antibody
degradation products, free light or heavy chains of antibodies, other bio molecules
like DNA or host cell proteins.

The process of any one of the preceding embodiments 11 to 18, wherein said Ab
or fAb is bound to the adsorbent under at pH 4 to 8.

The process of on of the embodiments 11 to 19, wherein said sample is contacted
repeatedly with identical or different adsorbents as defined in one of the
embodiments 1 to 10.

The use of a compound as defined in any one of the embodiments 1 to 9 for the
separation of immunoglobulin molecules, in particular Abs and fAbs.

The use of embodiment 21, wherein said separation is performed for the purpose
of removal or the qualitative or quantitative isolation, qualitative or quantitative
detection, or characterization of at least one Ab or fAb.
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23. A preparative or analytical kit comprising at least one adsorbent carrying an
anthraquinone compound as defined in any one of the embodiments 1 to 10, and
additional material for identifying at least one separated fAb.,

24. A method of preparing an adsorbent of one of the embodiments 1 to 10, which
method comprises reacting an optionally activated carrier with a suitable linker,
as for example tri-2-aminoethylamine (TREN), followed by reacting said thus
obtained functionalized adsorbent with an anthraquinone compound of
embodiment 1 {0 9.

b) Particular definitions

The terms ,separation” and ,purification” have the same meaning in the context of the
present invention and are used to describe the treatment of a composition comprising a
complex mixture proteinaceous material and/or other biological material of different
molecular weight and type (like material typically forming cell constituents), which
material, contains as one constituent at least one fAb molecule as target and which
purification/separation results in a product which contains said target molecule in
enriched form.

The term “enriched” means a partial or complete depletion of material other than said
target molecule from said complex mixture, in particular, depletion of proteinaceous
and/or other biological material as mentioned above.

The term "“ligand density” defines the molar content of anthraquinone dye molecules
(like those of formula (1)) per dry weight (for example as pmoles/g) of the adsorbent
(carrier and directly or covalently attached dye ligand). Said ligand density is
determined under standard conditions, by drying the adsorbent, in particular by freeze
drying in order to remove residual liquid from the material. A dry power is obtained.
Residual liquid in a proportion of less than 1wt.-% or more particularly less than 0,1wt.-
%, based on the total weight of the adsorbent, may remain. Then, a predetermined
amount of said dry adsorbent material is dissolved in an acid, like HCI, such as in 6N
HCI, followed by incubation at elevated temperature, like 1h/40°C or 1h/60°C. Thereby,
the dye is set free by hydrolytic cleavage. Afterwards the spectrometric determination
of the dye content (at Anax Of the particular dye) is performed. The entire method is
further specified in the experimental part herein below. In view of the fact that the liquid
content of adsorbents is relatively high (for commercial Blue Sepharose products liquid
contents in the range of about 60 fo 90 wt.-%, depending on the method of sample
preparation, were observed) expressing a ligand density value per dry weight of said
adsorbent is considered best suited to characterize the adsorbent’s ligand content.
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The term “particle size” is defined as mean particle size. Preferably the particles of the
present invention a characterized by a narrow, in particular essentially monomodal or
monomodal particle size distribution. Particle size determination may be performed in a
manner known per se, as for example by applying particle size distribution
measurements on a Malvern Mastersizer instrument. Typically the measurement may
be performed in 0,1M NaOH. The mean particle size values stated herein are either
B(0.5) or D(4.3) values which may slightly differ but which, nevertheless are in the
indicated parameter range, D(0.5) represents the mean particle size in ym at which
50% of the distribution is smaller and 50% of the size distribution is larger. D{4,3)
represents the volume mean diameter.

As “Cq-Cyalkyl” in the radical B or V there come into consideration, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl or isobutyl, particularly methyl or
ethyl, especially methyl.

As “Ci-Caqalkoxy” or “-O- C4-Cqalkyl “in the radical B or V there come into consideration,
for example, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy

and isobutoxy, particularly methoxy or ethoxy, especially methoxy.

As “halogen” in the radical B or V there come into consideration, for example, fluorine,
chlorine and bromine, particularly chlorine or bromine, especially chlorine.

As “arylene” in the radical B or v there come into consideration naphthylen, biphenylen
or phenylene, in particular phenylene, and more particular o-, m- and,, more particular,

p-phenylene.

¢) Particular B and V groups

In the subsequent Tables 1 and 2 non-limiting examples of groups B and V of formula 1
are listed.

Table 1: Examples of Group B

No. Formula No. Formula
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d) Particular dye ligands

In a particular embodiment of the present invention the compound of formula (1)
corresponds to a compound of formula

NH,

™

OHNBN~—<\

=4

wherein

(1a),
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B is a phenylene radical, which is unsubstituted or substituted by sulfo (-SO;3H) and
optionally further substituted by C4-Casalkyl; as for example a residue of the
formula.

HOSO,

V  is phenylamino or N-C;-C,alkyl-N-phenylamino which is substituted in the phenyl
ring by sulfo or -SO,-CH,-CH-0-S0O,0H, as for example phenylamino, meta- or
para-substituted with ~SO,0H;

A structural variation of the compound of formula (1) may account for particular
separation or purification problems.

Non-limiting examples of particular compounds of formula 1a are given below in Table
3;

Table 3:
No Formula
BR1 9 NH,
S.
0 HN
Q
\Q\‘:SI,OH
G N _NH O
Y
NYN 9 0
S, BT
MAGLE
BR6 O NH,




WO 2015/117984

No
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BR10

O NH, O

DOPLs

O HN

BR11

BR15
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No Formula
BR16 0 NH2]C§)
S\'\‘OH
s
O HN
o]
HOJ‘D\
ﬁ NH
© N)\N I
/J\ i 0=8-0H
& H
CI” "N” N
BR20 9 NH, O
200 Ls
0!
HO‘,\% )N\H
G VI
Cl)\\N N “s\"o
|

e) Matrix Materials (Substrates and Spacers)

The substrate, carrier or matrix used to prepare the adsorbents applied in accordance
with the present invention may be substantially water-insoluble. As examples of the
said substrate there may be mentioned acrylic polymers, such as polyacrylamides or
hydroxyalkylmethacrylates, and co-polymers of theses materials, metal oxides, such as
zirconia, titania or alumina, silica or porous glass, but the preferred water-insoluble
solid support is a polymeric substrate having a plurality of hydroxyl groups to which the
compound of formula (1) may become attached through the reactive group. Especially
suitable substrates are carbohydrates and modified carbohydrates. Examples of a
suitable carbohydrate substrate are agarose, cross-linked agarose, dextrose, dextrans,
and modified versions thereof, such as are available as "Sepharose" and "Sephadex"
gels ("Sepharose” and "Sephadex" are trade marks of GE Healthcare) and are
described in GB 1,540,165. Other polymeric substrates are polyamides. Of particular
interest are substrates like agarose and crosslinked agarose.
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The adsorbents applied in accordance with the present invention may be prepared by
standard techniques, for example, by reacting a compound of formula (1) with a
substrate having a group capable of reacting with a reactive group in said compound of
formula (1) to form a covalent bond, e.g. a carbohydrate substrate, in the presence of
an acid binding agent, such as an alkali metal hydroxide or carbonate, e.g. sodium
hydroxide or sodium carbonate, wherein the variables are defined and preferred as
given above.

Methods for the preparation of such adsorbents and chromatographic columns
containing them are well documented, for example, in U.S. Pat. No's. 4,016,149 and
4,546,161, Hereby, these documents will be incorporated by reference.

As already indicated, the substrate or matrix, for example, agarose, crosslinked
agarose, dextrose or dextrans, may be further modified by introduction of spacers of
varying length, advantageously, before covalently binding the compound of formula (1)
to the spacers. Spacers may allow for an increased interaction of the dye-ligands with
the proteinaceous material to be purified, due to an improved accessibility of the dye-
ligands, thereby improving the selectivity and the efficiency of the adsorbents. In a
particular embodiment, matrices are modified by spacers.

Introduction of spacers is carried out, for example, by treatment of the substrate with
epichlorhydrin in the presence of an acid binding agent, such as an alkali metal
hydroxide or carbonate, e.g. sodium hydroxide or sodium carbonate, and subsequently
with a polyamine, under suitable temperatures of, for example 20 to 80°C, particularly
20 to 60°C.

Polyamine compounds suitable for the introduction of spacers are either linear or
branched, in particular linear spacer groups. They may be selected from the group
consisting of aromatic polyamines, aliphatic polyamines and alicyclic polyamines.
Typical examples include polyvinyl amine, polyvinyl imine, 1,2-ethylenediamine,
hydrazine, hydrazine-2-bis-(3-aminopropyl}-amine, 1,4-diaminocyclohexans, 3-amino-
1-methylaminopropane, N-hydroxyethylethylenediamine, N-methyl-bis-(3-aminopropyl)-
amine, tetraethylenediamine, 1,4-diaminobutane, 1,6-hexamethylenediamine, 1,8-

diaminooctane, tri-2’-aminoethylamine, 1-aminoethyl-1,2-ethylenediamine,
diethylenetriamine, tetraethylenepentamine, pentaethylenehexamine,
phenylenediamine, toluylenediamine, 2,4,6-triaminotoluene-trihydrochlorides, 1,3,6-
triaminonaphthalene, isophoronediamine, Xylylenediamine, hydrogenated
xylylenediamine, 4 4'-di-diaminophenylmethane, hydrogenated 4.4

diaminodiphenylmethane, and derivatives of these polyamine monomers; as well as
branched spacer, like tri-2'-aminoethylamine.
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Aliphatic and/or alicyclic polyamines are of particular interest. Of particular interest are
aliphatic and/or alicyclic diamines. There may be mentioned in particular 1,4-
diaminobutane, 1,6-hexamethylenediamine, 1,8-diaminooctane  and 1,10-
diaminodecane.

The polyamines may be used individually or as mixtures of at least two polyamines.

The adsorbent comprising the compound of formula (1) or (1a) bound fo a solid support
may be in the form of a column for chromatographic separation purposes or in the form
of a membrane to allow separation to be carried out in a membrane separation format.

f) Biological Material for Separation

The biological material as applied to the adsorbent contains or is suspected to contain
immunoglobulin molecules, like antibodies fragment antibody (fAb) material. It may be,
for example, in the form of a crude or pre-treated cell culture supernatant, whole cell
culture, cell homogenate, or any fraction thereof suitable for applying on an adsorbent.
Methods for obtaining suitable proteinaceous sample material are well-known in the art,
as for example described in Cooper, Biochemische Arbeitsweisen, Walter de Gruyter,
1981.

fAbs which can be purified by the process of the present invention are sections of
antibodies comprising an immunoglobulin domain or an assembly of immunoglobulin
domains, which are capable of binding to an antigen, and which, in many
embodiments, comprise at least one heavy chain fragment, commonly known as VH
domain, or a functional fragment thereof, and/or a light chain fragment, commonly
known as VL domain, or a functional fragment thereof, optionally together with at least
one other peptide chain, like for example one or more constant domains.

Light chain derived constant domains are commonly designated CL..

Heavy chain derived constant domains are for example: CH1, CH2 and CH3 of an IgG
molecule; Cp1, Cu2, Cu3 or Cp4 of an IgM molecule; Cal, Ca2 and Ca3 of an IgA
molecule; Ce1, Ce2, Ce3 or Ce4 of an IgE molecule; or Cd1, C82 and C&3 of an IgD
molecule.

In certain embodiments, the fAb comprises a heavy chain derived fragment and a light
chain derived fragment, each chain fragment being made up of a constant domain and
a variable domain, such fragments being known as a Fab fragment.
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In other embodiments, the fAb comprises two or more domains, typically a combination
of either the variable and constant domains of either heavy or light chains,
combinations of variable domain from two heavy chains, combinations of variable
domains from two light chains, or a combination of the variable domain from a light
chain and the variable domain from a heavy chain.

In some embodiments, the fAb comprises the VH and VL domains joined by flexible
polypeptide linker preventing dissociation (known as single chain Fv, scFv).

In yet further embodiments, the fAb comprises a single domain, or a fragment thereof,
typically either the variable heavy chain or a fragment thereof, or the variable light
chain or a fragment thereof.

In still further embodiments, the fAb is a multimeric format, such as a bis scFv, Fab2,
Fab3, minibody (like scFv-Cy3), diabody, triabody, tetrabody (see for example Hollinger
et al., Nature Biotechnology, 2005, 23, 9, 1126-1136) or Tandab®.

Examples of fAbs that can be purified by the process of the present invention include
protein or polypeptide constructs comprising a combined heavy chain and a light chain,
each chain being made up of a constant domain and a variable domain where such
immunoglobulin light and heavy chains interact to form a single functional antigen-
binding site.

Further examples include VH chain-based domain antibodies, being polypeptides
which are capable of binding to a target, the polypeptide comprising at least one
binding domain, wherein the binding domain is a single variable domain of a variable
heavy chain antibody or a functional fragment thereof.

Yet further examples include VL chain-based domain antibodies, being polypeptides
which are capable of binding to a target, the polypeptide comprising at least one
binding domain, wherein the binding domain is a single variable domain of a variable
light chain antibody or a functional fragment thereof.

The above identified fAbs may be derived from any of the above-identified distinct
immunoglobulin classes (IgA, gD, IgE, IgM or IgG, in particular [gG; and any
subclasses thereof (like 1gG1, 1gG2, 1gG3 and IgG4).

Particular fAbs are of the type scFv and Fab.
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Immunoglobulin or antibodies to be purified according to the present invention may be
of any Ig class (IgA, IgD, IgE, I[gM or IgG, in particular IgG; and any subclasses thereof
(like 1gG1, 1gG2, 1gG3 and (gG4).

Most preferably, the fAbs or antibodies or engineered variants thereof are produced
recombinantly, for example by expression in a host cell, for example in a prokaryotic
host such as E. coli or in a eukaryotic host such as Pichia pastoris,or mammalian or
plant cells

g) The separation process

The separation or purification process according to the present invention may also be
carried out by treating, e.g. shaking, the bioclogical material in the presence of the
adsorbent comprising the compound of formula (1) in an agueous environment of
suitable pH and ionic strength, separating the adsorbent, e.g. by filtration, and sluting
the bound proteins from the adsorbent by suitable variation of pH and ionic strength.

Advantageously, the separation or purification process according to the present
invention is carried out by interaction or chromatography, which comprises:

(a) the contact phase, wherein a mixture containing the biological material is contacted
with the adsorbent comprising the compound of formula (1) retained on a
chromatographic column.

(b) the washing phase, wherein the non-binding species are removed from the
adsorbent comprising the compound of formula (1) by passing a washing solution there
through, and

(c) the elution phase, wherein an eluting solution is passed through the adsorbent
comprising the compound of formula (1) to recover the desired biclogical material
detained from the column.

According to another aspect of the present invention there is provided an adsorbent
comprising the adduct of a compound of formula (1) as defined above and a substrate
having a group capable of reaction with a reactive group in said compound of formula
(1) to form a covalent bond, wherein the variables are defined and of particular interest
as given above.

The adsorbents according to the present invention are highly pure materials, devoid of
any dye leaching behavior and contain various levels of dye-ligand concentrations on
the matrix.
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Furthermore, the adsorbents according to the present invention are chemically and
thermally stable and highly selective in regards to binding and separation of antibodies,
antibody fragments and engineered variants thereof.

The dye-ligands can be prepared analogously to procedures known in the art.

The invention will now be explained in more detail by making reference to the following
examples. The temperatures are given in degrees Celsius. Unless otherwise indicated,
parts are parts by weight and percentages relate to percent by weight. Parts by weight
relate to parts by volume in a ratio of kilograms to litres.

Experimental Part

A. General Procedures
1.  Determination of chromatography resin performance
1.1 Generation of antibody aggregates

Protein A Sepharose purified human polyclonal IgG molecules (20ml, protein content
15mg/ml) are dialyzed twice (4h and 16 respectively) against 25mM Na-acetate pH 4.0
buffer. The IgG sample is incubated at 60°C for 20h to induce the formation of IgG
aggregates. The heat-freated IgG sample is subsequently adjusted to 75mM NaCl and
pH 5.0 and dialyzed against buffer A1 (25mm MES 20% 1,2 propandiol pH 6.0).
Unireated control IgG sample is dialyzed against buffer A1.

Figure 1 illustrates the result of an analytical SEC (Fig. 1a) and of a non-reducing SDS-
PAGE analysis (Fig. 1b) (lgG = Immunoglobulin, HT = Heat treated, Mu = protein
mulitmer, Mo = protein Monomer) of an IgG monomer sample and an IgG aggregate
obtained by heat treatment.

The protein contents of heat-treated IgG and untreated control IgG samples are
adjusted to 15mg/ml.

1.2 Chromatography conditions
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Chromatography columns (diameter = 0.5cm, length 5,2cm) are filled with
approximately 1.0ml of chromatography resin and mounted onto a standard HPLC
system.

Buffers:.

Loading/Equilibration buffer A1: 25mM MES pH 6.0, 20% 1,2 propandiol
Elution buffer B1: 25mM MES pH 6.0, 20% 1,2 propandiol, 1.0 M NaCl
Elution buffer B2: 25mM Tris/HC1 pHB8.5, 10% isopropanol

CIP buffer A2: 1.0M NaOH

Sample Application:
Sample (2.0ml, 15mg/ml) is applied with 75cm/h (0.25ml/min, retention fime. 4min) and

unbound protein washed away with buffer A1. Bound proteins are eluted with a linear
gradient of 20CV to 100% B1 with 300cm/h (1.0ml/min) followed by compiete stripping
with 7 CV buffer B2 and 7 CV buffer A2. The protein sample is detected at UV 280nm
and protein fractions are collected.

SDS PAGE:
10ug of sample and 15ul of 1ml fractions are loaded onto a SDS-PAGE under non-
reducing conditions following Coomassie Blue staining.

Fractions of window ‘A’ and window ‘B’ are pooled, adjusted to 0.9mg/mi and dialyzed

against 25mM Na-acetate pH 4.0 buffer. Equal amounts (10ug) are loaded onto SDS-
PAGE under non-reducing conditions following Coomassie Blue staining.

Analytical SEC:

25yl of pooled fractions ‘A’ and ‘B’ are loaded onto a BioSep-SEC-S2000 column
(Phenomenex) in running buffer (100mM Na-phosphate pH 4.0 buffer, 300mM NaCl) at
1.0ml/min at 30°C.

Isocratic protein elution is detected at UV 280nm.

2, Determination of the dye content (ligand density} by UV-Vis

spectrophotometer

2.1 Preparation of the calibration curve

Preparation of the standard solution:
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The dye (25 mg) is dissolved in water (80 ml) in 100 ml volumetric flask first with
shaking and then using ultrasound for 10 min. The volumetric flask is filled up to the
mark with water.

Preparation of the calibration solutions

Five standard solutions with concentrations of 5, 10, 15, 20 and 25 mg/l are prepared
as follows. The standard solution (1, 2, 3, 4 and 5 ml) is pipetted to 50 ml volumetric
flask into which HCI (6 mol/l, 40 mi) is added. The solution is mixed in the shaking bath
for 1 h at 40 °C. The solution may also be mixed in the shaking bath at a higher
temperature, like for 1 h at 60 °C. The solution is cooled down to room temperature and
the volumetric flask is filled up to the mark with HCI (6 moli/t).

Sample preparation and measurement

In order to remove liquid from the dye sample to be analysed a conventional freeze-
drying step is performed. For example, in order to dry an aqueous sample freeze-
drying may be performed at -15 °C and <1 mbar reduced pressure. An aliguot of the
said freeze-dried resin sample (100mg) is placed in 50 ml volumetric flask and HCI (6
mol/l, 40 ml) is added. The solution is mixed in the shaking bath for 1 h at 40 °C. The
solution may also be mixed in the shaking bath at a higher temperature, like for 1 h at
60 °C. The solution is cooled down to room temperature and the volumetric flask is
filled up to the mark with HCI (6 mol/l).

UV-Vis spectrum is measured using 1 cm cuvette and l[amda max (Amax ) of particular
dye. Blank setting of the instrument is done with 6M HCI.

Calculations

R = Amount of dye in the sample read from the calibration curve [mg/l]
Amount of dye in the in 50 ml volumetric flask = R/ 1000 * 50 [mg]

Ligand density = R/ 1000 * 50 * purity of the dye  [mg/gl
Weighted sample x 100

B. Synthesis examples
1. Preparation of dye ligands

Dye-ligands of the following general formula 5 are synthesitzed for performing the
enrichment experiments as described herein below.
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X = Halogen
R =H or methyi
n=12o0r3
Table 4
No. Structure Group B" (including
connecting NH-groups)
i
&2 HO,S N
3 “Triazine
<H
(B-3) N\©:803H
H
No_
Triazine
NH
N
(B-4)
SO,H
l\liH
Triazine

(5)

PCT/EP2015/052246

" Triazine" designates the linkage of the group B to the triazine ring as shown in
formula 5 above



10

WO 2015/117984 PCT/EP2015/052246

32
Table 5
No. Name Group V Structure Group V"
(V-1) i
B-hydroxyethyl-amino Triazine™ ~""~OH
(V-2) 'IFriazine
N
N,N-di--hydroxyethyl-amino HO™™>"~""0H
(V-3) 2-(B-hydroxyethoxy)ethylamino H
Triazine/N\/\O/\/OH
(V-4) Triazine  Q Q
N S"‘\/\~ 48|Q
N-ethyl-N-(m-(B-sulfatoethyl) sulfonyi- ~ \©/o © OIQ
phenyl)
(V-5) Triazine
]
)
morpholyl o
{V-6) Triazineﬂ Sj OgH
o-sulfophenyl-amino
(vV-7) Tr:azlne\n SOH
m-sulfophenyl-amino :
(V-8) Triazine _y
L
p-sulfophenyl-amino SO,H

' Triazine" designates the linkage of the group V to the triazine ring as shown in
formula 5 above

The particular dyes may be prepared as described in detail in WO 2006/108760, the
disclosure of which being incorporated by reference.

1.1 Preparation of the anthraquinone dyes:

The 4-aminoaryl-substituted anthraquinone dyes can be easily prepared from the
starting material bromaminic acid and the corresponding substituted phenylene diamin
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by Ullman coupling according to Literature (e.g. H. Zollinger, Color Chemistry, 3rd.
Ed.,Wiley-VCH (2003), 273 — 278.)

Synthesis Example D1;
Synthesis of Anthraquinone dve with structure group B-2:

O  NH,
SO;H
c ‘ O SO3H
O HN
NH,

The dye was obtained by copper(l)chloride-catalyzed coupling reaction of 1-Amino-4-
bromoanthraquinone-2-sulfonic acid with p-aminoacetanilide in a sodium bicarbonate
buffered agueous solution for 3 hours at 70°C, followed by suifonation in oleum, 10 -
12% at ambient temperature, followed by hydrolysis and deprotection in diluted sulfuric
acid at 75°C for 6 hours.

Synthesis Example D2:
Synthesis of Anthraquinone dye with structure group B-3;

O  NH,
NH-
The dye was obtained by copper(ll)acetate-catalyzed coupling reaction of 1-Amino-4-

bromoanthraguinone-2-sulfonic acid with p-phenylenediamine sulfonic acid in a sodium
carbonate buffered aqueous solution for 2 hours at 80°C.

SO3H

Synthesis Example D3:
Synthesis of Anthraquinone dye with structure group B-4:
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O NH; 0O
o™
O HN
" _OH
W
NH, O

The dye was obtained by copper-catalyzed coupling reaction of 1-Amino-4-
bromoanthraquinone-2-sulfonic acid with 1,3-phenylenediamine-4-sulfonic acid in a
sodium bicarbonate buffered aqueous solution for 17 hours at 60°C.

1.2 Preparation of the dye ligands:

The dye ligands can be prepared in principle in two different ways (see also Scheme
1)

Procedure b1) The corresponding anthraquinone dye (B-2 to B-4) is coupled with
cyanuric chloride to the blue dichloro-intermediate at pH 4 —~ 5 and 15°C for 90 min and
subsequently coupled with the corresponding substituted amine {(V-1to V-8) at pH 7.5 —
8.5 and 60°C for 5 hours, or

Procedure b2) The substituted amine (V-1 to V-8) is coupled with cyanuric chloride to
the colorless dichloro-intermediate at pH 3.5 — 4 and 5°C for 120 min and subsequently
coupled with the corresponding anthraquinone dye (B-2 to B-4) at pH 7.5 — 8.5 and
50°C for 16 hours.

NH,

e
gt SOH

Ly

¥

b1 i SOH NN ~
)//.r O MMy )[\ _ \\\\ o W,
- [ BN N M sopm
L ; P H EN ST " ."§‘1/ '3/
I\)I'/’ k Gl\ {R} N !L‘EI’/“L'T}
- H
N “ O HN Nso_\n f\ .
~- P - ] ﬁ‘_"____.\‘/ -~
~, - e
T ey -~ o~
b2) N] N a - )
N

Synthesis Example L1: Dye D15
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Procedure b1):

184.4 g (1.0 mol) cyanuric chloride was dissolved in 1870 ml ethyl methyl ketone at
5°C and precipitated by adding 2240 g ice water. A solution of 0,933 mol
anthraquinone dye B-3 in 2240 g water and 448 g sodium carbonate solution (20%) at
pH 7.5 was added to the cyanuric chloride suspension at 5°C. The reaction was
allowed to warm up to 15 °C and stirred for 80 min at that temperature, while the pH
value was maintained at 4 — 5 by slow addition of 112 g sodium carbonate solution
(20%). After completion of the reaction (HPLC control), a solution of 194 g (1,12 mol) p-
aminobenzene sulfonic acid (V-8) in 670 g water and 300 g sodium carbonate solution
(20%) at pH 7.5 was added to the dichloro intermediate at 15°C. The pH was adjusted
to 7.5 -~ 8.5 by addition of 672 g sodium carbonate solution (20%) and kept at this level
until the coupling is completed. The mixture was heated to 60°C and stirred for 5 hours.

After completion of the reaction (HPLC control), 1140 g sodium chloride was added to
the reaction mixture and cooled to 25°C within 2 hours and kept at this temperature for
another 16 hours to precipitate the ligand dye. After filtration and washing with 1200 g
of conc. sodium chloride solution, the press cake was reslurried in water and desalted
by reverse osmosis. The concentrated, chloride-free dye solution was spray-dried to
obtain 512 g (61% vyield) of the fri-sodium salt of dye D15 as dark-blue fine powder
{Amax. = 622 nm).

Procedure b2):

60.6 g (0.35 mol) p-aminobenzene sulfonic acid (V-8) was dissolved in 160 g water and
43.4 g sodium hydroxide solution (30%). In a second vessel, 65.9 g (0.36 mol) cyanuric
chloride was well suspended in 370 g ice and 100 g water and the sodium p-
aminobenzene sulfonate solution was added. The pH was corrected to and maintained
at 2.5 — 3.5 with 420 ml sodium hydroxide solution (10%) and the temperature kept at
5°C. The reaction was stirred for 120 min, then warmed up to 40°C and stirred for
another 30 min. A solution of 0.25 mol of the anthraquinone dye B-3 in 420 ml water
and 150 ml sodium hydroxide solution (30%) was added quickly and the pH adjusted to
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and maintained at 7.5 — 8.5 with 460 ml of sodium hydroxide solution (10%) and the
mixture was stirred at 50°C for 16 hours.

After completion of the reaction, 600 g of sodium chloride was added to the reaction
mixture and cooled to 25°C within 2 hours and kept at this temperature for another 16
hours to precipitate the ligand dye. Adter filtration and washing with 530 ml of sodium
chioride solution (26%), the press cake was reslurried in water and desalted by reverse
osmosis. The concentrated, chloride-free dye solution was spray-dried to obtain 111 g
(52% vyield) of the tri-sodium salt of dye D15 as dark-blue fine powder (Anax. = 622 nm).

Synthesis Example L2: Dye D16:
NH,

(0]
Ly
O HND\
HO,S NH
N

EN
)\\N; . SOH

ClI

According to procedure b2) in example 1, dye D16 was obtained by coupling of 0.082
mol cyanuric chloride with 0.080 mol o-aminobenzene sulfonic acid (V-6) at pH 2.5 —
3.5 and 0 - 5°C for 120 min to obtain the dichloro intermediate and subsequent
coupling of this intermediate with 0.057 mol anthraquinone dye B-2 at pH 7.5 — 8.5 and
50 °C for 16 hours in 78% vield (Amax. = 605/619 nm).

Synthesis Example L3; Dye D11
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According to procedure b1) in example 1, dye D11 was obtained by coupling of 0.0315
mol cyanuric chloride with 0.030 mol anthraquinone dye B-4 at pH 4 — 5 and 15°C for
90 min to obtain the dichloro intermediate and subsequent coupling of this intermediate

with 0.0318 mol m-aminobenzene sulfonic acid (V-7) at pH 7.5 — 8.5 and 60°C for 5
hours in 64% vyield (Anax. = 581/624 nm).

Synthesis Example L4: Dye D01
O NH,
Ccoo
O N
N
Y
=N

!
Ci | N\
N 9
“UN S~ SOH

o

Q

According to procedure b1) in example 1, dye D01 was obtained by coupling of 1.0 mol
cyanuric chloride with 0.933 mol anthraquinone dye B-4 at pH 4 —~ 5 and 15°C for 90
min to obtain the dichloro intermediate and subsequent coupling of this intermediate
with 1.12 mol N-ethyl-N-(m-(B-sulfatoethyl) sulfonyl-phenyl)amine (V-4) at pH 7.5 — 8.5
and 60°C for 5 hours in 49% vield (Anax. = 623 nm).

Synthesis Example L.5: Dye D21:
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According to procedure b2) in example 1, dye D21 was obtained by coupling of 0.057
mol of cyanuric chloride with 0.056 mole of m-aminobenzene sulfonic acid (V-7) at pH
2.5~ 3.5 and 0 - 5°C for 120 min to obtain the dichloro intermediate and subsequent

5 coupling of this intermediate with 0.040 mol of anthraquinone dye B-2 at pH 7.5 - 8.5
and 50 °C for 16 hours in 79% vield (Amax. = 609/629 nm).

Synthesis Example L6: Dye D20:

O NH,
Ty
Cl SOzH
HN
O : NE N
NN
SOzH H

10 According to procedure b1) in example 1, dye D20 was obtained by coupling of 1.0 mol
cyanuric chloride with 0.933 mol anthraquinone dye B-3 at pH 4 — § and 15°C for 90
min to obtain the dichloro intermediate and subsequent coupling of this intermediate
with 1.12 mol m-aminobenzene sulfonic acid (V-7) at pH 7.5 — 8.5 and 60°C for 5 hours
in 63% vield (Amax. = 627 nm).

15
Synthesis Example L7: Dye D10:
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According to procedure b2) in example 1, dye D10 was obtained by coupling of 0.143
mol of cyanuric chloride with 0.140 mole of p-aminobenzene sulfonic acid (V-8) at pH
2.5 -3.5 and 0 - 5°C for 120 min to obtain the dichloro intermediate and subsequent
coupling of this intermediate with 0.100 mol of anthraquinone dye B-4 at pH 7.5 - 8.5

and 50 °C for 16 hours in 50% vield (Anax. = 595/620 nm)

2. Preparation of Adsorbents (Resins)

The General procedure for the synthesis of adsorbents via polyamine spacers as
described in WO06/108760A2 was followed, which disclosure is incorporated by

reference.
2.1 Particular Adsorbents

The following resins were prepared:

Table 6

BASF Dye B Group |V Group | Ligand
Resin density
(BR) (umol/g)
36 D10 B-4 V-8 284

37 D11 B-4 V-7 281

45 D21 B-2 V-7 280

48 D15 B-3 V-8 307

47 D16 B-2 V-8 256

The following spacer was used in these examples: 1,6-diaminohexane (DAH).
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Synthesis Example A1:

a) Procedure for the synthesis of an adsorbent via DAH linker - Resin BR 36, 37

Agarose gel (6% cross-linked, 225 g) is washed with water (4500 ml) and is
immediately suspended in water (900 ml) in a 2L jacketed reactor. Epichlorohydrin
(37.5 g, 405 mmol) is added followed by equivalent quantity of NaOH (16.2 g, 405
mmol) and the reaction mass is shaken at 290 rpm for 4 h at 25°C. The suspension is
then filtered, washed thoroughly with water (4500 mi) and drained to obtain epoxy-
activated agarose.

The epoxy-activated agarose (225 g) is added to a solution of 1,6-diaminohexane
(12.55 g, 108 mmol) in water (900 ml). The reaction mixture is shaken for 4 h at 45 °C
and filtered. The resultant amino functionalized gel is thoroughly washed with water
(4500 ml) and drained.

The amino functionalized agarose (225 g) is divided in to 3 parts of 75 g the 1st part is
suspended in a solution of dye D10 (2.32 g, 3 mmol), in water (300 ml) and the mixture
is shaken at 290 rpm for 16 h hours at 45°C. The suspension is filtered and the excess
of dye-ligand is washed off with water (2000 ml), TM NaCl (500 ml), NMP (1000 ml),
1:1 viv NMP: water (500 mL.), 1M NaCl (300 mi), 1M NaOH (300 ml), 1M NaCl (300 ml)
and finally water (2000 mi). The drained adsorbent BR36 is stored in 20% v/v ethanol
at4°C.

The 2nd part of amino functionalized agarose 75 g is suspended in a solution of dye
D11 (2.32 g, 3 mmol), in water (300 ml} and the mixture is shaken at 290 rpm for 16 h
hours at 45°C. The suspension is filtered and the excess of dye-ligand is washed off
with water (2000 ml}), 1M NaCl (500 ml), NMP (1000 ml), 1:1 v/v NMP: water (500 mL),
1M NaCl (300 mi), 1M NaOH (300 ml), 1M NaCl (300 mi) and finally water (2000 mi).
The drained adsorbent BR37 is stored in 20% v/v ethanol at 4°C.

b) Procedure for the synthesis of the absorbents BR45, BR46, BR47

Agarose gel (6% cross-linked, 225 g) is washed with water (4500 ml) and is
immediately suspended in water (900 ml) in a 2L jacketed reactor. Epichlorohydrin
(37.5 g, 405 mmol) is added followed by equivalent quantity of NaOH (16.2 g, 405
mmol) and the reaction mass is shaken at 290 rpm for 4 h at 25°C. The suspension is
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then filtered, washed thoroughly with water (4500 ml) and drained to obtain epoxy-
activated agarose.

The epoxy-activated agarose (225 g) is added to a solution of 1,6-diaminohexane
(12.55 g, 108 mmol} in water (900 ml). The reaction mixture is shaken for 4 h at 45 °C
and filtered. The resultant amino functionalized gel is thoroughly washed with water
(4500 ml) and drained.

The amino functionalized agarose (225 g) is divided in to 3 parts of 75 g the 1st part is
suspended in a solution of dye D21 (2.32 g, 3 mmol), in water (300 ml) and the mixture
is shaken at 280 rpm for 16 h hours at 45°C. The suspension is filtered and the excess
of dye-ligand is washed off with water (2000 ml), 1M NaCl (500 ml), NMP {1000 mi),
1:1 v/v NMP: water (500 mL), 1M NaCl (300 mi), 1M NaOH (300 ml), 1M NaCl (300 ml)
and finally water (2000 ml). The drained adsorbent B45 is stored in 20% v/v ethanol at
4°C.

The 2nd part of amino functionalized agarose 75 g is suspended in a solution of dye
D18 (2.32 g, 3 mmol), in water (300 ml) and the mixture is shaken at 290 rpm for 16 h
hours at 45°C. The suspension is filtered and the excess of dye-ligand is washed off
with water (2000 ml), 1M NaCl (500 ml), NMP (1000 mt), 1:1 viv NMP: water (500 mL),
1M NaCl (300 ml), 1M NaOH (300 ml), 1M NaCl (300 ml) and finally water (2000 ml).
The drained adsorbent BR46 is stored in 20% v/v ethanol at 4°C.

The 3rd part of amino functionalized agarose 75 g is suspended in a solution of dye
D16 (2.32 g, 3 mmol), in water (300 ml) and the mixture is shaken at 290 rpm for 16 h
hours at 45°C. The suspension is filtered and the excess of dye-ligand is washed off
with water (2000 mi), 1M NaCl (500 mi), NMP (1000 ml), 1:1 v/v NMP: water (500 mL),
1M NaCl (300 ml), 1M NaOH (300 ml), 1M NaCl (300 ml) and finally water (2000 mi).
The drained adsorbent BR47 is stored in 20% v/v ethanol at 4°C.

C. TestExamples

Example T1: Insufficient separation of HMWA (high molecular weight
aggregates) from monomeric IlgG molecules (prior art)

1gG antibody aggregates are prepared as described in the methods section (A.1.1).
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An aggregate sample was analysed on a commercial Blue Sepharose ® (BS) resin
(Dye ligand density 137 pmol/g) as described above under A.1.2. In particular, the
column eluate was pooled as depicted in Figure 2a. Pools A (BS-A) and B (BS-B) were
further analyzed by SDS-PAGE (Figure 2b) and analytical size exclusion
chromatography (Figure 2c).

(L = Load, Mu = protein multimer, Mo = protein monomer; non reducing SDS-PAGE
with Coomassie Brilliant blue staining)

An insufficient separation of Mo and Mu in particular in pool B is evident.

Example T2: Improved separation of HMWA from monomeric IgG molecules by
applying a BASF resins of the present invention

IgG antibody aggregates are prepared as described in the methods section (A.1.1).

An aggregate sample was analysed on BASF resins BR36, BR37, BR45, BR46 and
BR47 (Dyle ligands D10, D11, D21, D15, D16 with Dye ligand densities 284, 281, 280,
307, 256 pmol/g respectively; C6 linker) as described above under A.1.2 (see Figures
3a and 3b). Single fractions of each chromatographic separation were analyzed by
SDS-PAGE (Figure 4) indicating improved aggregrate (Mu) removal. To further analyze
superior separation characteristics of BASF resins, the column eluate was pooled as
depicted in Figure 2a and 3a,b. Pools A and B were further analyzed by analytical size
exclusion chromatography (Figure 5) and by SDS PAGE (Figure 6)

(L = Load, FT = Flowthrough, Mu = protein multimer, Mo = protein monomer; non
reducing SDS-PAGE with Coomassie Brilliant blue staining)

An improved separation of Mo and Mu, in particular in pool B, if compared to
commercial Blue sepharose (Example T1) is evident,

The disclosure of prior art documents as cited herein is incorporated by reference.
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Claims (IVP):

1. An adsorbent for chromatographic purification of immunoglobulin molecules,
which adsorbent comprises a carrier matrix to which a dye ligand is covalently
5 attached, wherein said dye ligand is selected from anthraquinone dyes and
wherein the ligand density of said adsorbent is more than 150 pmoles/g dry
adsorbent.

2.  The adsorbent of claim 1, wherein the ligand density of said adsorbent is 160 to
10 500 umoles/g dry adsorbent.

3.  The adsorbent of claim 1, wherein the ligand density of said adsorbent is 200 to
350 pmoles/g dry adsorbent

15 4. The adsorbent of claim 1, 2 or 3, wherein said adsorbent comprises the reaction
product of said carrier matrix, optionally a linker molecule and an anthraquinone
compound of the general formula 1

O NH,
P (SOH),,
(HOS)_ | v (1)

;<
y N

H N
O HN—B—N—{
N

20 wherein
X is halogen;
k and m are each independently of each other 0 or 1 and the sum of k+m being 1

or 2;
B is an aromatic radical, comprising one or more, condensed or non-
25 condensed, optionally mono- or polysubstituted aromatic rings;

vV is a substituent of formula

2-Y
“'F‘@ (2a)
R

or

AMENDED SHEET
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wherein

n is each 0 or 1; with the proviso that both n are not simultaneously 0;

R are the same or different and are selected from H, alkyl, NH,, NH-alkyl, NH-
aryl, N(alkyl)z, NO2, OH, O-alkyl, CN, C(O)alkyl, C(O)aryl, C(O)NH,,
C(O)N(H)alkyl, C(O)N(alkyl)z, C(O)N(H)aryl, halogen

Ry s hydrogen or optionally substituted C4-Caatkyl;

z is selected from a chemical bond,

-(CHz) - with n1 being an integer from 1 to 4,
arylene,

-CHq-arylene-,

-8S0Oz-arylene-,

-C(O)N(H)arylene-,

-SO,N(H)arylene-,

-CH=CH-,

-SOz—CHg—CHz-;

-C(O)NH-(CH2)n2- with n2 being an integer from 1 to 4;
and

Y are the same or different polar functional groups selected from -SO3H, -

0O803H, -CO2H, -P(O)OH),, -OP(O)(OH)2, OH and SH.

The adsorbent of anyone of the preceding claims, wherein

B is is a substituent of formula

(Y1)n3

AMENDED SHEET
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Ro Ry
W (3b)
(Y)Y, (Y
(Y (Y

I3 e

or

(3d)

wherein

Y is as defined above,

n isOor1

n3 is0,1,2,30r4

Yy  are the same or different and are selected from halogen, alkyl, alkoxy, NO,

orY, wherein Y is as defined above;

W is a chemical bond or is selected from -C(O)N(H)-, -SO,N(H)-, -SO,- or
-N(H)-; and

R, is selected from H or alkyl.

The adsorbent of anyone of the preceding claims, wherein B is an aromatic
radical of formula 3a.

The adsorbent of anyone of the preceding claims, wherein V is a substituent for
formula 2a.

The adsorbent of claim 6, wherein B is an aromatic radical of formula 3a, wherein
n3is0,1,2,3 or4 and Y, is independently alkyl or Y.

AMENDED SHEET
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10.

11.

12.

13.

14.

15.

16.

17.
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The adsorbent of claim 7 wherein V is a substituent for Formula 2a, wherein R is
H and Z is selected from a chemical bond or -SO;-CH,-CH-.

The adsorbent of anyone of the preceding claims wherein kis 0 and m is 1.

The adsorbent of anyone of the claims 1 to 10, having a mean particle size in the
range of 10 to 200, like 20 to 180 or 45 to 165 or 80 to 120 or 90 to 110 um.

A process for chromatographic purification of immunoglobulin molecules, which
process comprises contacting a sample containing at least one desired type of
immunoglobulin molecules in admixture with contaminating inorganic and/or
organic substances with an adsorbent of anyone of the claims 1 to 11, adsorbing
said desired type of immunoglobulin molecules on said adsorbent, optionally
washing said adsorbent with a washing liquid, and afterwards eluting the
adsorbed material in order to obtain an eluate containing said desired
immunoglobulin molecules in enriched form; or which process comprises
contacting a sample containing at least one desired type of immunoglobulin
molecules in a mixture with contaminating inorganic and/or organic substances
with an adsorbent of anyone of the claims 1 to 11, adsorbing (under selected
conditions) said contaminating inorganic and/or organic substances, obtaining a
flowthrough containing said desired immunoglobulin molecules in a more pure
form.

The process of claim 12, wherein said desired type of immunoglobulin molecule is
a functional antibody (Ab) or fragment antibody (fAb)

The process of one of the claims 12 and 13, wherein the immunoglobulin
containing sample to be purified is contaminated with denatured and/or
agglomerated /mulitimerized Immunoglobulins.

The use of a compound as defined in any one of the claims 1 to 10 for the
separation of immunoglobulin molecules, in particular Abs and fAbs.

A preparative or analytical kit comprising at least one adsorbent carrying an
anthraquinone compound as defined in any one of the claims 1 to 11, and

additional material for identifying at least one separated fAb.

A method of preparing an adsorbent of one of the claim 1 to 11, which method
comprises reacting an optionally activated carrier with a suitable linker, as for

AMENDED SHEET
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example tri-2-aminoethylamine (TREN), followed by reacting said thus obtained
functionalized adsorbent with an anthraquinone compaound of claim 1 to 10.

AMENDED SHEET



