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Base matrix composition

Typical materials
The ideal matrix for IEX P

* Hydrophilic

« Large pore size/surface area

« Spherical (mono-sized) particle
« Rigid - optimal pressure/flow

* Easy to functionalize

« Chemically stable - SIP/CIP
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Porosity/surface area

Porous media

Longer distances for mass
transfer (diffusion)

Good capacity require longer
residence times

Porosity impacts surface
area and rigidity

Pore size and porosity
optimised for application

imagination at work

Perfusion/monoliths

Shorter distances for mass
transfer (convective flow)
Good capacity shorter
residence times

Monoliths can be optimised
for the binding of large
molecules (e.g. viruses,
plasmids)

Structure can lead to
limitations of scale

Surface Extenders

Shorter distances for mass
transfer

Increased surface area
without compromising
rigidity

High capacity even at short
residence times

Can demonstrate atypical
IEX behaviour
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Effect of surface extenders on mass
transfer and capacity

Confocal microscopy study showing enhanced protein uptake (increased mass transfer and
equilibrium capacity) for IEX resin with ligand extenders

imagination at work

Dynamic binding capacity brmg/mi
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Porosity and surface extenders

Importance of critical chromatography resin properties in the design of
a high productivity immunoglobulin process

Joseph Bertolini, Chor Sing Tan, Karl McCann
CSL Biotherapies, 189 Camp Road, Broadmeadows VIC 3047, Victoria, Australia
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Presented at the Recovery of Biological Products conference 2010
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Bead size/distribution and resolution
SmoII beads

Fastest mass transfer 40um 34um
. Highest efficiency
. Best resolution
«  Step and linear gradients o "
used - H30 g - 200 4 10 %
«  Higher back pressure & 3 5 1m0 .
«  Equipment and economy 100 - g ol “3
implications o p( UL 10 UL 10

T T T T T T 0 T T T T T T T 0
0 200 40 60 80 100 120 140 o] 20 40 60 80 100 120 140

Valume (ml) Valume (ml)
Good mass transfer 90um surface extenders 90um
. Higher capacity
. Lower efficiency . .
*  Lessresolution o . o .
«  High flow/capacity and step 3 5 5 o g
gradients for best a 3 27 3
productivity : 10 :
. Low back pressure 0 10
*  Most economical N A\ e SN
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Rigidity

Improving pressure/flow properties for modern media

Velocity (cm/h) Large operational window
5000 - Most Rigid in terms of bed heights and
flow rates
1800 90
um I
1600 - . ® Facility fit v
1400 7 e Higher bed heights -
1200 4 99 reduced footprint
um 2 .
10009 * Higher flow rates -
800 4 um increased throughput
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Bed height (cm)
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Functional groups used on ion exchangers

Cation exchangers

Carboxymethyl (CM)
Sulphopropy! (SP)
Methyl sulphonate (S)

Anion exchangers

Diethylaminopropy! (ANX)
Diethylaminoethyl (DEAE)
Quaternary aminoethy! (QAE)

Quaternary ammonium (Q)

imagination at work

Functional group

-OCH,CO0-
'CH2$O3-

Functional group

-CH,CHOHCHH,N ¥ H(CH,CH,),
-OCH,CH,NYH(CH,CH,),
-OCH,CH,N¥(C,H.),CH,CH(OHICH,
-cH,NF(CH,),

12
SCI IEX talk, Andy Masters, GE Healthcare
10/1/2012



Strong and weak ion exchangers

strong ion exchangers: capacity is constant over a wide range of pH

" Strong AIEX - " Strong CIEX
12 - 12 -
10 -
8 - 8
6
4
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3 4 5 6 7 g 9 10 0 1 2 3 4 5 & 7 8 5 10
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o Weak AIEX o Weak CIEX
12 - T
10 - 10
6]
1
47
T - T T g ; 0 T T T T T T T I T T
1 2 3 4 5 [ 7 a8 ] 10 4] 1 2 3 4 5 B 7 B8 9 10
ml 6.1 M Na OH ml 0.1 W Na OH

weak ion exchangers: capacity varies with pH
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Surface extenders and non-traditional
AIEX behavior!

Effect of conductivity on DBC * Normally the highest DBC is
HEA surface obtained at low ionic strength
extenders (conductivity)

e Sometimes there is an optimal
ionic strength for absorption of a
certain sample under certain
loading conditions (pH) so called
non-traditional behavior

DBC

e Non-traditional behavior seems
to occur more often on surface
enhanced ion exchangers.

lonic Strength

Classic agarose

imagination at work
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Multimodal chromatography

imagination a

Multimodal benefits: _ leferent techmques on

e Unique selectivity |

e Use with complex feeds

e Purify challenging targets

¢ De-colourise feed stocks ...................

Examples:

interactions:
thyl ethanolamine

lonic ,_
. homocysteine
Hydrophobic y
: Octylomme
Hydrogen bondlng 4 Mercapto-Ethyl-Pyridine
Thiophilic Hexylamine
. . - Ph I I i
Pseudo-affinity S R
Hydroxyapatite
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MM designed for specific applications

Capture in high salt

(N-Benzoyl-DL-homocysteine)

= 60 - 50 mM acetate, pH 4.75 + NaCl
H e W e
E
o 50
g
M e
g
E 30 A
E
g\ 7 —— Lysozyme
° 10 —&— B-Lactoglobulin
— BSA
G T T T T 1
0 10 20 30 40 50

Conductivity (mS/cm)

* Capture from undiluted feedstocks.
* Remove requirement for dilution or diafiltration
* Increase productivity and process economy

imagination at work

Purification of antibodies
(4-Mercapto-Ethyl-Pyridine)*

Adsorption at near-neutral
pH, physiological conditions

Hydrophobic [+
interaction \/\:/\~
Op =——>»

pKa =48

Desorption at pH 4.0-5.8

Electrostatic T4
repulsion
o Nﬁ e

A no-salt/low-salt alternative to Hydrophobic
Interaction Chromatography (HIC)

Monoclonal and polyclonal IgG capture and
intermediate purification (aggregate, DNA and HCP
removal)

Enhanced process economics

*Pall Life Sciences product note USD 2629
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But gaining widespread applicability
and used as a development platform

Table 1. The use of mixed-mode materials in the downstream processes of various therapeutic proteins

. Load Purity after
rotein Source Binding Elution (mg/mL) process
8 step (%)
5 mi K- 5500 mM
Cytokine mutein E. coli CHT type | Intermediate K-phosphate 5=18 70=80
phosphate, pH 6.5 gradient, pH 6.5
Recombinant Yeast Lewatit Supernatant
protease inhibitor | supernatant CNP105 Captiire adjusted to pH & 04 N Hl f 35-40
Recombinant :
PR Yeast 20 mM Na acetate, | 20 mM Tris, 2 M
%rstt:ﬁﬁ! inhibitor supernatant Capto MMC Capture oH & NaCl, pH 8.5 §=17 90
Recombinant : :
e Yeast HEA : 20mM Tris, 2 M 40 mM Na citrate,

%rstt:i;ﬁ inhibitor supernatant Hypercel Intermediate NaCl, pH 8.5 oH2.7 15-27 =81
Recombinant Yeast 20 mM Na citrate
protease inhibitor Capto MMC Capture ' 20 mM Tris, pH 8.5 10 85-40
kAl supernatant pH 3
Human proteass 50 mM Na citrate, 50 mM Tris, 0.5 M
inhibitor E. colilysate Capto MMC Capture DH 6.5 NaCl, pH 7.5 5 a5

: 25 mM Na citrate
Antibody Yeast MEP , '
fragment supernatant Hypercel Capture 25 mM Tris, pH 7.5 ;lfilﬂsn}l'u'l NaCl, 15-26 r2

, : 15 mM
f”““””‘{ ’“‘jﬂ.ma"a” CHTtypel | Polishing 15h '“’“‘h”t' iz | Kephosphate, pH7, 10 598
ragmen cell ling phosphate, p NaCl gradient

Mixed-Mode Chromatography in Downstream Process Development

Salt-tolerant adsorption and unique selectivity are the major advantages of mixed-mode materials over single-mode resins. Mar 2, 2010
By: Felix Oehme, PhD, Joerg Peters, PhD data from Bayer Pharma, Biotech Development

BioPharm International Supplements

imagination at work
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Complete process using only MM
media for challenging target proteins

Figure 2. Flow scheme of the purification process for the recombinant protease

inhibitor mutein |
Cleared fen:;ntation . Low product concentration at pH 5
supernatant and conductivity >20 mSicm
Capﬂ.l'e slep 5 Separation of major produdt- and process-derived
(Capto MMC) Impurities; elution with 2M NaCl at pH 8.5
Intermediate step Removal of trace product impurtties, pH change
(HEA Hypercel) =P and desalting, elution at pH 27 (low sal)
Polishi : Removal of trace impurities, formation of stable
olishing step; = bulk drug substance storage form.
Crystallization Product crystallizes at pH >4

Mixed-Mode Chromatography in Downstream Process Development

Table 3. Purification data from a typical Capto MMC capture run of the
recombinant protease inhibitor mutein |

Mutein

Step vo;tr 5 concentration T?'n:ili:m ::[runt wﬁld P",r,.lw
(mg/L) g) (%) (%)

Starting material 30 267 8.0 10
Flow through 30 0 a 0 -
Wash 1+ 2 10 0 0 0 -
Wash 3 5 933 0.7 10 36
Elution 2.8 2,600 i3 a0 a0

Table 5. Purification data from a typical HEA Hypercel intermediate step of the
recombinant protease inhibitor mutein |
Mutein

concentration
(mg/L)

Yield
(%)

Total amount
mutein (g)

Purity
)

Volume

(L)

Step

Starting material 113 2,600 3.0 - 90
Flow through 113 0 0 0 -
Wash 0.8 0 0 0 -
Elution 0.3 1312 26 87 9

Salt-tolerant adsorption and unique selectivity are the major advantages of mixed-mode materials over single-mode resins. Mar 2, 2010

By: Felix Oehme, PhD, Joerg Peters, PhD data from Bayer Pharma, Biotech Development
BioPharm International Supplements

imagination at work
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Cation exchangers vs. Multimodal

t vs. loading pH

IC poin

Isoelectr

N-Benzoyl-DL-homocysteine

Tradional cation exchange
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Anion exchangers vs. Multimodal

t vs. loading pH

IC poin

Isoelectr

N-benzyl-n-methyl ethanolamine

Tradional anion exchange
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HTPD & DokE ideal for optimisation

Evaluate

Predict
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DoE ensures a more robust process

Multimodal med Two-chromatographic step process
. OH

[o]
l O‘H ‘ / Cell culture
o) J\ ) N
+ N o P

Cell removal
i . Virus Inactivation & Filtrati
Base matrlx N_benzyl_n_methyl ethanolamlne irus Inactivation & Filtration
High flow agarose Multimodal strong anion ligand ,
75 um (average)

Pool for Final Filtration UF/DF

Viral clearance

Virus  Conductivity Log,, red. factor

MVM 10 5.8
. : MVM 30 5.9
. s MuLV 10 4.5

€ oovintven MuLV 30 3.6 )
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What's next for AIEX?

Concept
Layered beads
More dimensions to each bead

Design variables
-Particle size

-Pore size
-Type of ligand
-Ligand density

imagination at work

Layer 1

Layer 2
Layer 3

Additional design variables
-Number of layers

-Layer thickness
-Porosity modification
-Type of ligand
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CORE BEADS combining IEX and §|§,

0 ’/ R~ ! Host cell proteins (HCP)
Octylamme Multimodal Ilgcmd ,‘ DNA fragments

Very strong protem blndlng " Endotoxins
C Detergents
= ~~ » _ Benzonase™

ELC...

M SR \N
85 |.|m particle snzer ‘
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Selecting an appropriate IEX resin

«  Whereis the step in the downstream process?

—Capture, Intermediate purification, polishing
-Influence bead size, flow rates, capacity, salt tolerance

«  What's the goal of the step?

—BUIF §fep0r0tion, concentration of target, removal of contaminants (binding or flow through mode),
resolution.

-Influence bead size, flow rates, capacity (target or contaminants) ligand selectivity

What are the characteristics of the target molecule vs. contaminants?
-pl and charge, stability, size
-Influence choice of ligand, porosity, capacity, bead size

e  What are the characteristics of the feed?
—Clarity, viscosity, composition
-Influence choice of ligand, porosity, capacity, bead size and distribution, rigidity, flow rates

e  Compatibility with other techniques in the process (AF, HIC, SEC etc.)?
-Minimise sample handling, diafiltration, and or dilution,
-Influence number of U/O, process economy, robustness

e  Scalability of process conditions within facility?
-Flow rates, capacity, pressure, packing, buffers
-Influence column dimensions, system and column requirements, process tanks

imagination at work
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Thank you!
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GE, imagination at work and GE Monogram are trademarks of General Electric Company.

AKTA, AKTA pilot, AKTA process, AxiChrom, BioProcess, Capto, Chromaflow, HiScreen, HiTrap, MabSelect,
MabSelect SuRe, MabSelect Xtra, MacroCap, Media Wand, PreDictor, RoboColumn, ReadyToProcess, Sephacryl,
Sephadex, Sepharose, SOURCE, Superdex and UNICO re trademarks of General Electric Companies.

All third party trademarks are the property of their ret Bective owners.

All goods and services are sold subject to the termm; conditions of sale of the company within GE
Healthcare which supplies them. A copy of these tefrms and conditions is available on request. Contact your
local GE Healthcare representative for the most current information.
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