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Data File 11-0035-45 AA Multimodal media

Capto MMC

Capto™ MMC is a multimodal cation exchanger. It belongs to
the Capto family of BioProcess™ media for fast, efficient and
cost-effective protein purification.

Capto MMC gives increased productivity and reduced cost with
e high dynamic binding capacity at high conductivity
e high volume throughput

e new selectivity

e smaller unit operations

Salt-tolerant medium on high-flow agarose

qutf) MMC (.:Om.blnes recenJ’[ base matrix devglopments Capto MMC allows high-flow processing and binding of proteins at high
with innovative ligand chemistry. The adsorption is salt conductivity. It increases throughput and productivity in large-scale
tolerant, meaning that binding of proteins can be performed  bioprocessing operations.

at the conductivity of the feed material. The medium is

based on a highly rigid agarose base matrix that allows Table 1. Characteristics of Capto MMC.

high flow rates and low back pressure at large scale. The

. ; . Matrix highly cross-linked agarose
characteristics of Capto MMC are summarized in Table 1. . gy 9
Functional group multimodal weak cation exchanger
Iti i Total ionic capacity ~ 0.07-0.09 mmol H*/ml medium
Multimoda Igand Particle size* 75 pm (ds,)
Capto MMC has a multimodal ligand (Fig 1) that may interact Flow velocity atleast 600 cm/hin a 1 m diameter column
with target molecules in several different ways. It contains a with 20 cm bed height at 20 °C using process
. . buffers with the same viscosity as water at
carboxylic group and thus its features partly resemble those <3 bar (0.3 MPa.
of a weak cation exchanger. However, in addition to the ionic  pynamic binding > 45 mg BSA/mI medium at 30 mS/cm
interactions several other types of interactions are involved,  capacity’
including hydrogen bonding and hydrophobic interaction. pH stability?
short term 2-14
long term 2-12
Working temperature$ +4 to +30°C
0 Chemical stability all commonly used aqueous buffers, 1 M

OH OH acetic acid, 1 M sodium hydroxide', 8 M ureq,
Solid O\)\/o\)\/ S NH 6 M guanidine hydrochloride, and 70% ethanol.
support Avoid oxidizing agents, cationic detergents
(matrix)

o _ * dy, is the median particle size of the cumulative volume distribution.
0 * Dynamic binding capacity at 10% breakthrough as measured at a residence time of 2 minutes, 300 cm/h

in a Tricorn™ 5/100 column with 10 cm bed height in 50 mM Na-acetate, pH 4.75, 250 mM NaCl.

Fig 1. The multimodal ligand of Capto MMC. ¥ Short term pH: pH interval where the medium can be subjected to, for cleaning- or sanitization-in-
place (accumulated 90-300 hours at room temperature) without significant change in function.

Long term pH: pH interval where the medium can be operated without significant change in function.
5 Capto MMC can be used under cold-room conditions, but for some proteins the capacity may decrease.

T No significant change in ionic binding capacity and carbon content after 1 week storage in
1M NaOH at 40 °C.
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New selectivity and high salt tolerance

The multimodal functionality offers a selectivity different
from traditional ion exchangers which includes binding of
proteins at high salt concentration (Fig 2). The medium can

High salt tolerance
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be used for direct load of clarified feed stocks, without prior
dilution to reduce the conductivity of the starting material.
The new selectivity (Fig 3) can also be used to solve specific
purification problems, at high or at low conductivity.
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Fig 2. A) Dynamic binding capacity of Capto MMC at 1 min residence time for three different proteins at different conductivities. B) Dynamic binding capacity of
bovine serum albumin (BSA) as a function of residence time. Capto MMC was run at 30 mS/cm, while SP Sepharose™ Fast Flow was run at 15 mS/cm.
The SP Ligand is not salt tolerant and does not bind any BSA at this conductivity. Dotted lines refer to residence times that cannot be utilized in large scale

columns, due to flow limits of the respective media.

New selectivity

Column: Tricorn 5/100

Medium: A) Capto MMC; B) SP Sepharose Fast Flow
Sample: human blood plasma diluted 5 times, 10 CV
Buffer A: 100 mM acetic acid, 50 mM Na-phosphate,
20 mM Na-succinate, pH 5.0.
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Buffer B: 100 mM acetic acid, 50 mM Na-phosphate,
20 mM Na-succinate, pH 8.0 with 1 M NH,Cl
Flow: 150 cm/h
Gradient: linear gradient 0 - 100% B over 10 column volumes (CV)
System: AKTAexplorer™ 10
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Fig 3. The selectivity of A) Capto MMC and B) SP Sepharose Fast Flow was investigated using human blood plasma. The sample was diluted 5 times to give a
conductivity of 6 mS/cm and a pH of approximately 6. Fractions (indicated with arrows) and the flow-through pool (FT) were analyzed on native PhastGel™
gradient 8-25% and Coomassie™ stained. High molecular weight marker (HMW, GE Healthcare) and unfractionated plasma sample were also applied to the gels.

The elution profile on SP Sepharose Fast Flow revealed one peak whereas the elution profile on Capto MMC showed two, possibly three peaks. Native gel-
electrophoresis also shows that the separation patterns differ between the media.
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High flow rates and low backpressure
in large scale

High flow velocities increase the productivity of large-scale
bioprocessing operations and allow large volumes to be
processed in one working shift. Capto MMC is characterized
by high mechanical stability and low backpressure to allow
columns to be operated at high flow velocities with a wide
range of bed heights at large scale (Fig 4). Typical flow velocities
for Capto MMC in a 1 m diameter column with 20 cm bed
height are at least 600 cm/h, with a backpressure below 3 bar.
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Fig 4. Pressure/flow properties of Capto MMC compared to Sepharose 6
Fast Flow. Running conditions: BPG™ 300 (30 cm i.d.), open bed at settled
bed height equal to 20 cm, with water at 20°C.

Additional flexibility in process design

In addition to the flexibility in flow rates, bed heights and
sample viscosities that all Capto media share, Capto MMC
also gives flexibility in terms of conductivity of the start
material. This increases productivity and enables a straight-
forward process design, as the feed material can be loaded
without the need for dilution (Fig 5).
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Fig 5. Capto MMC allows a much larger operating range (area below the
curves) in terms of conductivity of the starting material than traditional
cation exchangers.

HiTrap columns for fast screening

Time and sample can be saved in the early stages of
development by using small, prepacked HiTrap™ columns
to screen for optimal binding and elution conditions and to
develop basic separation methods. To reduce tedious sample
preparation, the HiTrap filter pore size has been optimized
for loading sonicated lysate directly on the column without
causing backpressure problems or leakage of Capto MMC
beads. In combination with an automated system such as
AKTAexplorer it is easy and fast to scout for optimum pH
and/or buffer conditions. Capto MMC is available as HiTrap
prepacked 1 ml and 5 ml columns. Basic characteristics of
HiTrap Capto MMC columns are summarized in Table 2.

Table 2. Characteristics of HiTrap columns.

1mland 5 ml
0.7%25cm(1ml); 1.6 x 2.5cm (5 ml)

HiTrap 1 ml: 4 ml/min,
HiTrap 5 ml: 20 ml/min

Column volumes
Column dimensions
Maximum flow rates

Recommended flow rates  HiTrap 1 ml: 1ml/min,

HiTrap 5 ml: 5 ml/min

Application

Optimization of binding and elution conditions

During binding Capto MMC behaves predominantly like

a weak cation exchanger. Since it allows binding at high
conductivity, it may not be necessary to screen for optimal
loading conductivity with respect to binding capacity.
However, binding selectivity may still be affected by the
loading conductivity.

The fact that Capto MMC allows efficient capture of proteins
at high conductivity in many cases limits the use of increasing
salt concentrations as an efficient way of eluting proteins.
Optimal elution is often achieved by a combination of
changes in pH, buffer concentration and eluting salt. Design
of Experiments (DoE) is an effective tool for investigation of

the effect of several parameters on protein recovery in order
to establish the optimal elution protocol (Fig 6). An example of
the DoE approach is described in application note 11-0035-48.
Alternatively, a step-wise elution optimization protocol may be
applied. An example is given in the instruction manual.
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Fig 6. Response surface plots for the recovery of BSA. Recovery is plotted as a
function of salt concentration and buffer ionic strength (BIS). Labels correspond
to recovery in percent. For more information see application note 11-0035-48.
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ivi i Column: A) Tricorn 5/100, 10 cm bed height (CV 2 ml)
Improved prOdUCtIVIty WIth Ca ptO MMC B) AxiChrom 50, 10 cm bed height (CV 208 ml)

Capto MMC, SP Sepharose Fast Flow and SP Sepharose XL Medium: Capto MMC

were used to capture recombinant human serum albumin éorf?pli rz"b_'SAl\i;‘ A g_asmf"s thts us
.y, urrer A: miVi sodium acetate, p .
(rHSA, pl 5.5) from cell cultgre supernotgnt (CCS) of Pichia Buffer B 50 mM sodium phosphate, pH 7.2 + 1 M NH,Cl
pastoris. The CCS was clarified by centrifugation and used Flow rate: 600 cm/h
directly as a feed material (conductivity 15 mS/cm) to Gradient:  100% 8B, 10 CV

measure dynamic binding capacities of the three media. In ~ 3Ystem: Al AKTAexplorer 100; B] AKTApilot™

parallel experiments the feed was diluted to a conductivity

. o o Aagunm
of 3 mS/cm in order to test dynamic binding capacities of (mAU)
SP media. Figure 7 shows straightforward scale-up to pilot 4000 4
scale on Capto MMC.
Dynamic binding capacities at 10% breakthrough for all 3000
media and different dilutions of the feed were determined at
different loading step residence times. The results obtained 2000 -
at residence times attainable in large diameter columns at
20 cm bed height were used for productivity calculations. 1000 ~
The results calculated show (Table 3) that Capto MMC gives
a productivity of 19 kg/m? h which is approximately 3 times 0 E . . . : .
higher than that obtained with SP Sepharose Fast Flow and 0 10 20 30 40 50

Elution volume (ml)

SP Sepharose XL when the diluted feed is used and more
than 13 times higher than when the undiluted feed is used. Aasarm

The latter result is expected since the SP ligand is not salt mAd
tolerant. 30007
This example shows how high dynamic binding capacity 2500
at high conductivity combined with high flow velocities can 2000
improve the overall productivity of a capture step. 1500

1000

500

0 L

T T T T T T
0 1000 2000 3000 4000 5000
Elution volume (ml)

Fig 7. Straightforward scale-up from A) Tricorn 5/100 to B) AxiChrom 50
(100 times). In both cases the purification factor was 4 and the recovery
was 93%.

Table 3. Productivity calculations for purification of rHSA from P. pastoris CCS. Flow rates and residence times are based on the restrictions of the respective
media in a large scale column at 20 cm bed height. In all cases, 93% recovery and 70% loading safety factor were used.

Dilution Capacity Residence max flow  Productivity  Productivity
factor (g/L) time (min) rate (cm/h) (kg/m3,h) (kg/24h)*
Capto MMC 15 mS/cm no dil 44 2 600 19 102
SP Sepharose XL 3 mS/cm 6.4 195 6 200 6.4 35
SP Sepharose XL 15 mS/cm no dil 0 6 200 0 0
SP Sepharose Fast Flow 3 mS/cm 6.4 135 6 200 6.0 33
SP Sepharose Fast Flow 15 mS/cm no dil 6 6 200 14 74

* Assuming column dimensions of 120 cm diameter, 20 cm bed height (CV = 225 L)
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Operation

Fast method development

Fast method development can easily be achieved on
AKTAexplorer with quick initial screening for selectivity and
process conditions using prepacked HiTrap columns. Further
optimization and method development using Tricorn or XK
columns allows straight-forward scale-up. The UNICORN™
software on AKTAdesign™ systems makes it simple to transfer
the optimized method to a production scale process system.

Fully scalable

Capto MMC belongs to the BioProcess range of media that are
developed and supported for production-scale chromatography.
This includes validated manufacturing methods, secure
supply and Regulatory Support Files to assist process validation
and submission to regulatory authorities.

Scale-up is typically done by keeping bed height and flow
velocity constant, while increasing column bed diameter
and flow rate. However, since optimization is preferentially
done with small column volumes, to save sample and buffer,
some parameters such as the dynamic binding capacity
may be optimized using shorter bed heights than those
being used in the final scale. As long as the residence time**
is constant, the binding capacity for the target molecule
remains the same. Other factors, like clearance of critical
impurities, may change when column bed height is changed
and should be validated using the final bed height.

** The residence time is calculated by dividing the bed height (cm) by the flow velocity (cm/h)
applied during sample loading.

Cleaning and sanitization

Cleaning-in-place (CIP) is a cleaning procedure that removes
contaminants such as lipids, precipitates, or denatured proteins
that may remain in the packed column after regeneration.
Regular CIP also prevents the build-up of these contaminants
in the media bed and helps to maintain the capacity, flow
properties and general performance of Capto MMC.

A specific CIP protocol should be designed for each process
according to the type of contaminants present. The frequency
of CIP depends of the nature and the condition of the starting
material, but one CIP cycle is generally recommended every
1-5 separation cycles. Capto MMC withstands all standard
CIP procedures, e.g. 1 M NaOH, 2 M NaCl or 70% ethanol.

Equipment
Capto MMC can be used together with most equipment available

for chromatography from lab scale to production scale.
Appropriate columns from GE Healthcare are shown in Table 4.

Table 4. Appropriate columns

Column family Range (inner diameters)

Tricorn 5mm, 10 mm
XK 16 mm, 26 mm

FineLINE™ 35mm - 350 mm
BPG 100 mm - 300 mm*
BioProcess LPLC 100 mm - 1200 mm
Chromaflow™ 400 mm - 2000 mm
AxiChrom 50 mm - 100 mm

*  The pressure rating of BPG 450 is too low to use it with Capto MMC.

Storage

Store unused media and prepacked columns at +4 to +30 °C
in 20% ethanol.

Ordering information

Product Pack size Code No
Capto MMC 25 ml 17-5317-10
Capto MMC 500 ml 17-5317-01
Capto MMC 51 17-5317-04
Capto MMC 101 17-5317-05
Capto MMC 60 | 17-5317-60
HiTrap Capto MMC 5x1ml 11-0032-73
HiTrap Capto MMC 5% 5ml 11-0032-75

All bulk media and prepacked column products are supplied
in 20% ethanol. For more information, contact your local GE
Healthcare representative.

Application Notes Code No
Optimizing elution conditions on Capto MMC 11-0035-48
using Design of Experiments

Related Product Literature

Data File Code No
Capto Q 11-0025-76
Application Notes Code No
Methods for packing Capto Q in 11-0026-21
production-scale columns

High productivity capture of green fluorescent 11-0026-20
protein on Capto Q

Handbook Code No
lon exchange chromatography and 11-0004-21

chromatofocusing:principles and methods
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Further information

For the latest news, instructions or handbooks visit:

www.chromatography.amershambiosciences.com
www.bioprocess.amershambiosciences.com

or contact your local GE Healthcare representative.

www.gehealthcare.com
www.bioprocess.amershambiosciences.com

GE Healthcare
Amersham Biosciences AB

Bjorkgatan 30
751 84 Uppsala
Sweden

AKTAdesign, AKTAexplorer, AKTApilot, BioProcess, BPG, Capto,
Chromaflow, Drop Design, FineLINE, HiTrap, PhastGel, Sepharose,
Tricorn and UNICORN are trademarks of GE Healthcare Limited,

a General Electric Company. GE tagline and GE Monogram are
trademarks of General Electric Company.

Coomassie is a trademark of ICl plc.

All commercial use of the Pichia expression technology requires
a license from Research Corporation Technologies, Inc. You may
contact them at the following address: Bennett N. Cohen, Ph.D.,
Managing Director, Research Corporation Technologies, Inc,,
101 N. Wilmot Road, Suite 600, Tucson, Arizona 85711-3335.
Tel: 520-748-4400, Fax: 520-748-0025, email: rctzbnc@aol.com

All goods and services are sold subject to the terms and
conditions of sale of the company within GE Healthcare which
supplies them. GE Healthcare reserves the right, subject to any
regulatory and contractual approval, if required, to make changes
in specifications and features shown herein, or discontinue the
product described at any time without notice or obligation.

© 2005 General Electric Company - All rights reserved.

Amersham Biosciences AB, a General Electric Company going to
market as GE Healthcare.

GE Healthcare Amersham Biosciences AB
Bjorkgatan 30, 751 84 Uppsala, Sweden

GE Healthcare Amersham Biosciences Europe GmbH
Munzinger Strasse 9, D-79111 Freiburg, Germany

GE Healthcare Amersham Biosciences UK Ltd
Amersham Place, Little Chalfont, Buckinghamshire, HP7 9NA, UK

GE Healthcare Amersham Biosciences Corp
800 Centennial Avenue, PO. Box 1327, Piscataway,
NJ 08855-1327, USA

GE Healthcare Amersham Biosciences KK
Sanken BIdg. 3-25-1, Hyakunincho, Shinjuku-ku,
Tokyo 169-0073, Japan

Asia Pacific Tel: +852 2811 8693 Fax: +852 2811 5251  Australasia Tel: + 61 2 9899 0999 Fax: +61 2 9899 7511 « Austria Tel: 01/57606-1619 Fax: 01/57606-1627 » Belgium Tel: 0800 73 888 Fax: 03 272 1637 « Canada Tel: 800 463 5800

Fax: 800 567 1008 e Central, East, & South East Europe Tel: +43 1 982 3826 Fax: +43 1 985 8327  Denmark Tel: 45 16 2400 Fax: 45 16 2424 « Finland & Baltics Tel: +358 (0)9 512 39 40 Fax: +358 (0)9 512 39 439 e France Tel: 01 69 35 67 00

Fax: 0169 41 96 77 « Germany Tel: 0761/4903-490 Fax: 0761/4903-405  Italy Tel: 02 27322 1 Fax: 02 27302 212 « Japan Tel: +81 3 5331 9336 Fax: +81 3 5331 9370 « Latin America Tel: +55 11 3933 7300 Fax: +55 11 3933 7304 « Middle East &
Africa Tel: +30 210 9600 687 Fax: +30 210 9600 693 « Netherlands Tel: 0165 580 410 Fax: 0165 580 401 » Norway Tel: 815 65 555 Fax: 815 65 666 * Portugal Tel: 21 417 7035 Fax: 21 417 3184  Russia & other C.I.S. & N.L.S Tel: +7 (095) 232 0250

Fax: +7 (095) 230 6377  South East Asia Tel: 60 3 8024 2080 Fax: 60 3 8024 2090 « Spain Tel: 93 594 49 50 Fax: 93 594 49 55 « Sweden Tel: 018 612 1900 Fax: 018 612 1910 » Switzerland Tel: 0848 8028 12 Fax: 0848 8028 13 « UK Tel: 0800 616928

Fax: 0800 616927 ¢ USA Tel: 800 526 3593 Fax: 877 295 8102
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