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SEPARATION MEDIUM FOR
CHROMATOGRAPHY OF VARIOUS
BIOMOLECULES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This applicationis a filingunder 35 U.S.C. §371 and
claims priority to international patent application number
PCT/SE2009/050666 filed Jun. 4, 2009, published on Jan. 14,
2010 as WO 2010/005364, which claims priority to applica-
tion number 0801640-4 filed in Sweden on Jul. 8, 2008.

FIELD OF THE INVENTION

[0002] The present invention relates to a novel separation
medium intended for chromatography of various biomol-
ecules. The separation medium has an inner core and a lid
which are differently charged. Large molecules are separated
from the medium by charge repulsion and small molecules
are eluted from inner core of the separation medium.

BACKGROUND OF THE INVENTION

[0003] Within biotechnology, one of the most widely used
separation methods is chromatography. The term chromatog-
raphy embraces a family of closely related separation meth-
ods. The feature distinguishing chromatography from most
other physical and chemical methods of separation is that two
mutually immiscible phases are brought into contact wherein
one phase is stationary and the other mobile. The sample
mixture, introduced into the mobile phase, undergoes a series
of interactions i.e. partitions between the stationary and
mobile phases as it is being carried through the system by the
mobile phase. Interactions exploit differences in the physical
or chemical properties of the components in the sample.
These differences govern the rate of migration of the indi-
vidual components under the influence of a mobile phase
moving through a column containing the stationary phase.
Separated components emerge in a certain order, depending
on their interaction with the stationary phase. The least
retarded component elutes first, the most strongly retained
material elutes last. Separation is obtained when one compo-
nent is retarded sufficiently to prevent overlap with the zone
of an adjacent solute as sample components elute from the
column.

[0004] The chromatographic methods suggested up to date
are based on different modes of interaction with a target.
Thus, for example, in ion-exchange chromatography, the
functional groups are permanently bonded ionic groups with
their counter ions of opposite charge, while in hydrophobic
interaction chromatography (HIC), the interaction between
the stationary phase and the component to be separated is
based on hydrophobicity. Other chromatographic separation
principles are well known to the skilled person in the art.
[0005] The stationary phase, also known as the separation
matrix, comprises a support, which is commonly a plurality
of essentially spherical particles, and ligands coupled to the
support. In most separation matrices, the support is porous to
allow a larger amount of ligand and consequently more bound
target compound in each particle. The support is most often a
natural or synthetic polymer and the spherical particles may
be produced in a number of different ways. Natural polymers
often used for this purpose are the polysaccharides dextran
and agarose.
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[0006] For separation of biomolecules, by chromato-
graphic and batch-wise procedures, the porosity of the beads
is very important. One advantage of polymeric media is the
opportunity of pore size variation over broad ranges. A gen-
eral rule, which is accepted throughout the literature, is to use
media with large pore sizes for large molecules.

[0007] It would be desirable to have alternative ways of
separating large molecules without having to use large poros-
ity and which are not limited to separation of large molecules
but may also be used to separate molecules of any size.

SUMMARY OF THE INVENTION

[0008] The present invention provides novel media and
methods for separation of large as well as small biomolecules
which combines several separation principles and parameters
into one and the same medium.

[0009] In a first aspect, the invention provides a separation
medium, comprising an inner core of a porous material pro-
vided with charged ligands, and an outer lid comprising a
porous material provided with charged ligands, wherein the
charge of the ligands in the inner core is opposite that of the
charge of the ligands in the lid.

[0010] Iftheligands inthe core are negatively charged then
the ligands in the lid are positively charged, and vice versa.
[0011] The porous material is preferably a sieving material,
such as a gel filtration material commonly used for chroma-
tography.

[0012] The porous material in the inner core may have the
same porosity as the porous material in the lid. In this case the
amount of charged ligands is higher in the lid than in the core.
The ligand density in the lid should be >10%, such as >25%
or >50% or >100%, of the ligand density in the core.

[0013] The separation medium may be designed for any
type of biomolecule(s) and/or portions thereof.

[0014] Preferably, the porosity of the lid and the inner core
allows penetration of a biomolecule with a molecular weight
of'less than approximately 100 000 g/mol. This limit is very
useful for separation of relatively large molecules, such as
MAbs, which do not enter the inner core but are obtained in
the flow through if a column format is used. The separation
medium may be used in any format, such as a column format
or batch format. The porosity may be chosen to exclude
molecules of certain sizes or weights and to allow penetration
of'those molecules that are smaller and/or lighter than these.
The invention is not restricted to any specific porosity ranges,
on the contrary, the porosity of the lid and inner core is to be
decided in dependence on the size and or molecular weight of
the biomolecule(s) intended to be purified.

[0015] In another embodiment the porosity of the inner
core and lid allows penetration of a biomolecule with a
molecular weight ofless than 50 000 g/mol. This limit may be
very useful for separation of small molecules which have
entered the inner core and may be eluted therefrom.

[0016] Inanalternative embodiment, the porous material in
the inner core has the larger porosity than the porous material
in the lid. For example, the porosity of the lid is such that
biomolecules larger or equal to a molecular weight of 20 000,
preferably 50 000 or 100 000 g/mol are excluded, and the
porosity of the inner core is larger than the lid porosity.
[0017] The porous material is derived from a synthetic
polymer material, such as styrene or styrene derivatives, divi-
nylbenzene, acrylamides, acrylate esters, methacrylate esters,
vinyl esters and vinylamides, or from a natural polymer mate-
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rial, such as carbohydrate material selected from agarose,
agar, cellulose, dextran, chitosan, konjac, carrageenan, gellan
and alginate.

[0018] The charged ligands may be selected from, for
example are —S0O,;~, —COO~, —N*(CH;); or —NH"
(C,Hs),

[0019] Inasecond aspect, the invention relates to a method
for biomolecule separation comprising applying a sample to
the above described separation medium, wherein large mol-
ecules are prevented from entering the medium by charge
repulsion from the medium and small molecules are captured
in the inner core.

[0020] In this case, the charge repulsion is caused by the
charged ligands in the lid.

[0021] The charge repulsion, and thereby the prevention of
entering of large molecules, may be accompanied by a lower
porosity (=steric hindrance) in the lid compared to the inner
core.

[0022] In the method according to the invention large mol-
ecules are obtained in the flow through by charge repulsion
and small molecules adsorbed in the inner core are eluted
from the separation medium.

[0023] The small molecules may be eluted with a salt gra-
dient. A typical desorption means that ionic strength is
increased compared to that used during adsorption and in
many cases corresponds to at least 0.4-0.6 M NaCl.

[0024] Alternatively, the small molecules are eluted with a
saltgradient and/or a pH gradient, in such a way that a portion
of the small molecules gradually adhere to the ligands in the
lid on their way out from the separation medium.

[0025] The method may be run in any column format and
the desired biomolecules may be obtained in the flow-
through. This is the case when it is desired to purify or
separate large molecules such as cells, cell particles, virus,
plasmids or immunoglobulins. The method is especially suit-
able for MADb purification.

[0026] The method may be run in column format and the
desired molecules may be obtained by elution from the inner
core of the separation medium. This is the case when it is
desired to purify or separate small molecules such as small
proteins and peptides. The method is especially suitable for
biomarker purification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 shows a schematic illustration of the chro-
matographic  properties and the construction of
SEPHAROSE™ 6 Fast Flow bead with a DEAE-dextran lid
and a negatively charged ligand in the core of the bead. P is
host cell proteins and IgG is human immunoglobulin.
[0028] FIG. 2 is a schematic illustration of the chromato-
graphic properties and the construction of SEPHAROSE™ 6
Fast Flow bead with positively charged groups (-N*(CHj;)
5— prototype Q) in the lid and a negatively charged ligand
(—S0;7) in the core of the bead. P is host cell proteins and
IgG is human immunoglobulin.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention may be used for separation of
humanized monoclonal antibodies (mAbs) which hold sig-
nificant promise as biopharmaceuticals. One of the most chal-
lenges faced in the purification of mAbs is their separation
from host cell proteins (HCPs) in the cell culture media.
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[0030] The separation medium according to the invention
may be used for separation of almost any molecule but will be
exemplified by a medium having a lid and an inner core
wherein said medium maximizes the HCPs interaction and
minimizes the interaction between the IgG molecules (mono-
clonal antibodies) and the core-ligands. This was accom-
plished by modification of chromatography beads with a
charge repulsion lid or a lid composed of both a “gel filtration
lid” and a charge repulsion lid. This new chromatography
medium of the invention makes it possible to apply adsorp-
tion conditions so that most of the HCPs interact with core-
ligands.

[0031] In FIG. 1 is a schematic illustration of a bead con-
structed with a lid comprised of both a gel filtration lid and a
positively charged ligand. To accomplish charge repulsion the
mobile phase must be adjusted to a pH-value where the mono-
clonal antibodies are positively charged (FIG. 1). Further-
more, the interior of the beads are occupied with core-ligands
that are negatively charged (FIG. 1). This means that the host
cell proteins also must be positively charged to be able to
interact with the negatively charged core ligands. With the
construction presented in FIG. 1 IgG is hindered to penetrate
into the beads by charge repulsion and a steric effect (due to
smaller pore sizes in the lid compare to the pore sizes in the
core of the beads).

[0032] In FIG. 2 is a bead construction depicted that
excludes IgG to penetrate the core of the bead only by charge
repulsion. The pore size distribution of the bead means that
IgG can penetrate into the core of the bead but the charge
repulsion lid prevent this to happen. The charge repulsion lid
is designed in a way that smaller proteins than IgG are not
influenced by charge repulsion and will therefore have access
to the interior of the beads.

EXAMPLES

[0033] The present examples are provided for illustrative
purposes only, and should not be construed as limiting the
scope of the present invention as defined by the appended
claims. All references given below and elsewhere in the
present specification are hereby included herein by reference.

Preparation of Charge Repulsion Media Based on
SEPHAROSE™ 6 Fast Flow and Designed for
Capture of Host Cell Proteins

General
[0034] Volumes of matrix refer to settled bed volume.
[0035] Weights of matrix given in gram refer to suction dry

weight. It is understood that these matrices are still water
solvated material. For large scale reaction stirring is referring
to a suspended, motor-driven stirrer since the use of magnet
bar stirrer is prompt to damage the beads. Small-scale reac-
tions (up to 20 mL of gel) were performed in closed vials and
stirring refers to the use of a shaking table.

[0036] Conventional methods were used for the analysis of
the functionality and the determination of the degree of ally-
lation, epoxidation, or the degree of substitution of ion
exchanger groups on the beads.

[0037] Two different ways to prepare a separation matrix
according to the invention are exemplified below, starting
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from a cross linked agarose gel (SEPHAROSE™ 6 Fast Flow,
GE Healthcare, Uppsala, Sweden).

Example 1

Preparation of DEAE Dextran Lid Prototypes
(DEAE-DX1, DEAE-DX2 And DEAE-DX3) Based
on SEPHAROSE™ 6 Fast Flow

Preparation of DEAE Dextran Lid

[0038] Allyl activation of SEPHAROSE™ 6 Fast Flow.
SEPHAROSE™ 6 Fast Flow was washed with distilled water
on a glass filter. The gel, 100 m[., was drained on the filter and
weighed into a 3-necked round bottomed flask. NaOH (50
ml, 50%-solution) was added and mechanical stiffing
started. Sodium borohydride, 0.4 g, and sodium sulphate,
11.4 g, were added to the flask and the slurry heated to 50° C.
on a water bath. After approximately one hour, 100 m[. of
allyl glycidyl ether (AGE) was added. The slurry was then left
under vigorously stirring over night. After about 20 hours the
slurry was transferred to a glass filter and the pH adjusted to
around 7 with acetic acid (60%). The gel was then washed
with distilled water (x4), ethanol (x4) and distilled water
(x4). The allyl content was then determined by titration; 270
pmol/mL.

[0039] Partial bromination. Allylated gel, 41 ml, was
weighed into a flask and 260 mL of distilled water and 0.5 g
sodium sulphate was added. 0.53 equivalents of bromine, 300
ul, were then added with a pipette during vigorous stirring.
After approximately 5 minutes (when the bromine had been
consumed) the gel was washed with distilled water on a glass
filter.

[0040] Coupling of DEAE-dextran in the lid. 10 mL por-
tions of the partially brominated gel were transferred to flasks
and mixed with DEAE-dextran solutions (see below). DEAE-
dextran was obtained from GE Healthcare, Uppsala, Sweden.
Three prototypes with different amount of DEAE-dextran
applied were constructed:

Prototype DEAE-DX1: 7.2 g DEAE-Dextran in 15 mL of
water.

Prototype DEAE-DX2: 6.0 g DEAE-Dextran in 15 mL of
water.

Prototype DEAE-DX3: 4.8 ¢ DEAE-Dextran in 15 mL of
water.

[0041] To eachslurry 2 g of NaOH and 0.1 g NaBH,, were
added. The slurries were heated to 50° C. and left stirring over
night. After approximately 18 hours the pH was adjusted to
approximately 7 with acetic acid (60% solution). The gel was
then washed with distilled water on a glass filter. The amount
of DEAE-dextran attached (estimated by measure the dry
weight before and after coupling of DEAE-dextran) to the
prototypes are presented in Table 1 (see the section chromato-
graphic evaluation).

Core Coupling

[0042] Coupling of —SO;~ groups in the core of the beads.
10 mL. of DEAE-DX prototype (see above) were put with
distilled water into a beaker and vigorous overhead stirring
was begun. Bromine was added until the slurry had a remain-
ing deeply orange/yellow colour. After 10 minutes of stirring
sodium formiate (approximately 1.5 g) was added until the
slurry was completely discoloured. The gel was then washed
with distilled water on a glass filter.

Jun. 30, 2011

[0043] Drained brominated gel was transferred to a flask
with 4 g of sodium sulphite, dissolved in 10 mL of 2 M NaOH.
The mixture was then left stirring in 50° C. over night. After
20 hours the gel was washed with distilled water on a glass
filter.

Example 2

Preparation of Prototype Q Based on
SEPHAROSE™ 6 Fast Flow

Preparation of Q (—N*(CH,);-groups) Lid

[0044] Allyl activation of SEPHAROSE™ 6 Fast Flow.
SEPHAROSE™ 6 Fast Flow was washed with distilled water
on a glass filter. The gel, 100 m[, was drained on the filter and
weighed into a 3-necked round bottomed flask. NaOH (50
ml, 50%-solution) was added and mechanical stiffing
started. Sodium borohydride, 0.4 g, and sodium sulphate,
11.4 g, were added to the flask and the slurry heated to 50° C.
on a water bath. After approximately one hour, 100 m[. of
AGE was added. The slurry was then left under vigorously
stirring over night. After about 20 hours the slurry was trans-
ferred to a glass filter and the pH adjusted to around 7 with
acetic acid (60%). The gel was then washed with distilled
water (x4), ethanol (x4) and distilled water (x4). The allyl
content was then determined by titration; 270 umol/mL.
[0045] Partial bromination. Allylated gel, 41 ml, was
weighed into a flask and 260 mL of distilled water and 0.5 g
sodium sulphate was added. 0.53 equivalents of bromine, 300
ul, were then added with a pipette during vigorous stirring.
After approximately 5 minutes (when the bromine had been
consumed) the gel was washed with distilled water on a glass
filter.

[0046] Q-coupling (trimethyl ammonium chloride, TMA-
chloride). 10 mL of the partially brominated SEPHAROSE™
6 Fast Flow was transferred to a flask and mixed with 5 m[ of
TMA-chloride solution. 5 mL. of 2 M NaOH was then added
and the slurry was heated to 50° C. and left stirring over night.
After approximately 18 hours the pH was adjusted to approxi-
mately 7 with acetic acid (60% solution). The gel was then
washed with distilled water on a glass filter. The total amount
of coupled TMA-groups was determined by chloride titration
and the CI~ capacity was estimated to 105 umol/mL.

Core Coupling

[0047] Coupling of —SO;~ groups in the core of the beads.
10 mL of the Q-lid prototype (see above) were put with
distilled water into a beaker and vigorous overhead stirring
was begun. Bromine was added until the slurry had a remain-
ing deeply orange/yellow colour. After 10 minutes of stirring
sodium formiate (approximately 1.5 g) was added until the
slurry was completely discoloured. The gel was then washed
with distilled water on a glass filter.

[0048] Drained brominated gel was transferred to a flask
with 4 g of sodium sulphite, dissolved in 10 mL of 2 M NaOH.
The mixture was then left stirring in 50° C. over night. After
20 hours the gel was washed with distilled water on a glass
filter.

Experiment 3

Chromatographic Evaluation of the Four Prototypes
(DEAE-DX1, DEAE-DX2, DEAE-DX3 and Q)

[0049] The charge repulsion lid media to be investigated
(Prototypes: DEAE-DX1, DEAE-DX2, DEAE-DX3 and Q),
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with respect to breakthrough capacity, were packed in HR 5/5
columns and the sample solution was pumped at a flow rate of
0.3 ml/min through the column after equilibration with
buffer solution. The breakthrough capacity was evaluated at
10% of the maximum UV detector signal (280 nm). The
maximum UV signal was estimated by pumping the test
solution directly into the detector. The breakthrough capacity
at 10% of absorbance maximum (Q,;q,) Was calculated
according to the formula:

Op10 %= Tr10%—Trp)XC/V,

where T, ., is the retention time (min) at 10% of absorbance
maximum, T the void volume time in the system (min), C
the concentration of the sample (4 mg protein/mL) and V - the
column volume (mL). The adsorption buffer used at break-
through capacity measurements was 50 mM acetate (pH 4.0).

Sample

[0050] The samples used were human immunoglobulin
(IgG, Gammanorm), bovine serum albumin (BSA), ovalbu-
minand lysozyme. The proteins were dissolved in the adsorp-
tion buffers at a concentration of 4 mg/ml and only one
protein at a time was applied into the column.

Instrumental
Apparatus

[0051] LC System: AKTAexplorer 10 XT or equal

Software: UNICRON™
Column: HR 5/5
Instrument Parameters

[0052]
Detector cell: 10 mm

Flow rate: 0.3 mL/min

Wavelength: 280 nm

UNICORN™ Method

[0053] The main method used is depicted below:
0.00 Base CV 1.00 {mL} #Column volume {mL} Any
0.00 Block Start Conditions

[0054]
[0055]

0.00 Base SameAsMain
0.00 Wave length 280 {nm} 254 {nm} 215 {nm}
[0056] 0.00 AvaragingTime 2.56 {sec}

[0057] 0.00 Alarm Pressure Enable 3.00 {MPa} 0.00
{MPa}
[0058] 0.00 End Block

0.00 Block Column Position
0.00 Block Equilibration

[0059]
[0060]
[0061]
[0062]
[0063]

0.00 Base SameAsMain

0.00 PumpAlnlet Al

0.00 BufferValveAl Al1

0.00 Flow 0.3 {mL/min}

1.00 Set Mark ( )#column name
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3.9 AutoZeroUV
5.0 #Equilibration volume End Block

[0064]
[0065]

0.00 Block Sample Loading

[0066]
[0067]
[0068]

0.00 Base volume

0.00 Flow (1)#flow rate {m[/min}

0.00 Set Mark ( )#sample

[0069] 0.00 InjectionValve Inject

[0070] 0.00 Watch UV Greater Than (100) #20 percent
maxabs {mAu} END BLOCK

[0071] 49.00 InjectionValve Load

[0072] 49.00 End Block

0.00 Block Column Wash

[0073] 0.00 Base SameAsMain

[0074] 0.00 InjectionValve Load

[0075] 0.00 Watch Off UV

[0076] 0.00 PumpAlnlet Al

[0077] 0.00 BufferValveAl All

[0078] 0.00 Watch UV Less Than (20) #5 percent {mAu}
END BLOCK

[0079] 20.00 End Block

0.00 Block Gradient Elution

[0080]
[0081]
[0082]
[0083]
[0084]
[0085]

0.00 Base SameAsMain

0.00 PumpBInlet B1

0.00 Gradient 100 {% B} 2.00 {base}
0.00 Flow 0.30 {m[/min}

10.00 Gradient 0.00 {% B} 0.00 {base}
10.00 End Block

0 Block Reequilibration
[0086] 0.00 End Method

Results and Discussion

[0087] The base matrix used for the different prototypes
where SEPHAROSE™ 6 Fast Flow. The fractionation range
of SEPHAROSE™ 6 Fast Flow for globular proteins is
1x10*-4x10° according to the manufacture (GE Healthcare,
Uppsala, Sweden). This means that human immunoglobulin
and smaller proteins can diffuse into the beads. However, this
invention has proved that human immunoglobulin can be
selectively be hindered to diffuse into the beads by charge
repulsion lid and a combination of charge repulsion and a “gel
filtration lid” (FIGS. 1 and 2) while smaller proteins have
access to the interior of the beads.

[0088] Three different prototypes (DEAE-DX1, DEAE-
DX2, DEAE-DX3) with a lid composed of charged dextran
(DEAE dextran) have been tested and all three prototypes
were substituted with —S0;~ groups in the core of the beads
(FIG. 1). Different amounts of DEAE dextran was tested
(Table 1) in order to accomplish charge repulsion and a gel
filtration lid for large positively charged molecules (IgG)
while smaller positively charged proteins are allowed to pen-
etrate the lid. To test if attachment of only positively charged
groups (—N*(CH,),) in the lid segment can hinder IgG to
diffuse into the SEPHAROSE™ 6 Fast Flow beads the Q-pro-
totype was produced (FIG. 2 and Table 1). This prototype was
also substituted with —S0;~ groups in the core of the beads
(FIG. 2).
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TABLE 1
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TABLE 3-continued

The amount of ligands coupled in the lid and the ion exchange
capacity in the core for DEAE-dextran lid prototypes (FIG. 1) and
for one prototype with Q-groups (—N*(CH,),) in the lid (FIG. 2).

Breakthrough capacity of IgG, BSA, ovalbumin and lysozyme for three
prototypes (DEAE-DX1-3) composed of a DEAE dextran lid and
—S0,~ groups in the core of the beads (SEPHAROSE ™ 6 Fast Flow)
and one prototype (Q) with a charged lid composed of —N*(CHj);-

Prototype Lid concentration —S0O;” conc. in the core groups (no dextran) and —S0,~ groups in the core of the beads.

DEAE-DX1 37 mg/mL 80 pmol/mL Breakthrough

DEAE-DX2 34 mg/mL 71 pmol/mL capacity (mg/mL)

DEAE-DX3 24 mg/mL 71 pmol/mL

Q 105 pmol/mL 80 pmol/mL Prototype IgG BSA Ovalbumin  Lysozyme
DEAE-DX3 0.5 12 34 52

[0089] The breakthrough capacity of all four prototypes Q 27 32 4 56

(DEAE-DX1-3 and Q) was determined for a number of pro-

teins (IgG, BSA, ovalbumin and lysozyme). The molecular [0091] Even though the present invention has been

weight of the proteins is shown in Table 2. The mobile phase
used (50 mM acetate, pH 4.0) means that all investigated
proteins are positively charged (the isoelectric point of the
proteins is presented in Table 2).

TABLE 2

Molecular weight of the proteins used for breaktrough determination.

Molecular weight Isoelectric
Protein (g/mol) point
IgG 150 000 55
BSA 68 000 5.1
Ovalbumin 43500 4.7
Lactalbumin 14400 5.2
[0090] The results from the breakthrough measurements

are presented in Table 3 and the prototype DEAE-DX3, with
the lowest amount of dextran in the lid (24 mg/mL), resulted
in low breakthrough capacity of IgG but relatively high for the
other investigated proteins (Table 3). Table 3 also shows that
a higher amount of DEAE dextran (prototypes DEAE-DX1-
2) in the lid resulted in a low capacity of both IgG and BSA.
Prototype DEAE-DX1 with the highest content of DEAE-
dextran in the lid resulted also in a low breakthrough capacity
of ovalbumin. The result clearly shows that IgG can be
excluded from entering the beads by a lid composed of
DEAE-dextran. High amounts of DEAE-dextran in the lid
can be used to exclude smaller proteins such as BSA and
ovalbumin. To test if only charge repulsion effects can
exclude IgG from entering the beads prototype Q was
designed (FIG. 2). Prototype Q with (—N*(CH;);) in the lid
segment (no dextran) gave very low breakthrough capacity of
IgG and high capacities of the other proteins (Table 3).

TABLE 3

Breakthrough capacity of IgG, BSA, ovalbumin and lysozyme for three
prototypes (DEAE-DX1-3) composed of a DEAE dextran lid and
—S0;™ groups in the core of the beads (SEPHAROSE ™ 6 Fast Flow)
and one prototype (Q) with a charged lid composed of —N*(CH3)5-
groups (no dextran) and —S0,~ groups in the core of the beads.

Breakthrough
capacity (mg/ml)
Prototype 1gG BSA Ovalbumin ~ Lysozyme
DEAE-DX1 0 0.1 1 8
DEAE-DX2 0 0.2 15 36

described above in terms of specific embodiments, many
modification and variations of this invention can be made as
will be obvious to those skilled in the art, without departing
from its spirit and scope as set forth in the following claims.

1. A separation medium, comprising an inner core of a
porous material provided with charged ligands, and an outer
lid comprising a porous material provided with charged
ligands, wherein the charge of the ligands in the inner core is
opposite that of the charge of the ligands in the lid.

2. The separation medium of claim 1, wherein the porous
material in the inner core has the same porosity as the porous
material in the lid.

3. The separation medium of claim 2, wherein the porosity
of'the inner core and 1id allows penetration of a biomolecule
with a molecular weight of less than 100 000 g/mol.

4. The separation medium of claim 3, wherein the porosity
of'the inner core and 1id allows penetration of a biomolecule
with a molecular weight of less than 50 000 g/mol.

5. The separation medium of claim 2, wherein the amount
of charged ligands is higher in the lid than in the core.

6. The separation medium of claim 1, wherein the porous
material in the inner core has the larger porosity than the
porous material in the lid.

7. The separation medium of claim 6, wherein the porosity
of the lid is such that biomolecules larger or equal to a
molecular weight of 20 000, preferably 50 000 or 100 000
g/mol are excluded, and the porosity of the inner core is larger
than the lid porosity.

8. The separation medium of claim 1, wherein the porous
material is derived from a synthetic polymer material, or from
a natural polymer material.

9. The separation medium of claim 1, wherein the charged
ligands are —SO;~, —COO~, —N*(CH;); or —NH"(C,H;)
>

10. A method for biomolecule separation comprising
applying a sample to the separation medium of claim 1,
wherein large biomolecules are prevented from entering the
medium by charge repulsion from the medium and small
biomolecules are captured in the inner core.

11. The method of claim 10, wherein the charge repulsion
is caused by the charged ligands in the lid.

12. The method of claim 11, wherein the charge repulsion,
and thereby the prevention of entering of large biomolecules,
is accompanied by a lower porosity (=steric hindrance) in the
lid compared to the inner core.

13. The method of claim 10, wherein large biomolecules
are obtained in the flow through by charge repulsion and
small biomolecules adsorbed in the inner core are eluted from
the separation medium.
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14. The method of claim 13, wherein the small biomol-
ecules are eluted with a salt gradient.

15. The method of claim 13, wherein the small biomol-
ecules are eluted with a salt gradient and/or a pH gradient, in
such a way that a portion of the small biomolecules gradually
adhere to the ligands in the lid on their way out from the
separation medium.
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16. The method of claim 10, wherein the method is run in
column format and the desired biomolecules are obtained in
the flow-through.

17. The method of claim 10, wherein the method is run in
column format and the desired biomolecules are obtained by
elution from the inner core of the separation medium.
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