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BIA Separations

e BIA Separations was founded in September 1998.

e Headquarters in Austria, R&D and Production in Slovenia.




BIA Separations

e BIA Separations was founded in September 1998.
e Headquarters in Austria, R&D and Production in Slovenia.

e BIA Separations USA established in September 2007 - sales
and tech support office.

e BIA Separations China established in January 2011 - sales and
tech support office.
* 90 employees world wide

o methacrylate monolithic
columns & develop methods and processes for large
biomolecules separation and purification.
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BIA Separations —

CIM Contract

monolithic Research

columns Laboratory
Method

development
and Technical
Support
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Important Milestones

e 2004: First monolith used for the industrial cGMP purification for
plasmid DNA at Boehringer Ingelheim provide 15-fold increase in
productivity

e 2006: First cGMP production of a vaccine (influenza) using CIM®

e 2008: OEM Partnership with Agilent Technologies — develop and
produce analytical monolithic columns for PAT

* |n 2011 BIA Separations was awarded by KAPPA-Health as a

model SME in the EU Co-funded research projects K@
( Health
e 2012: co-marketing and co-development agreements with JSR
and SDK

e 2012: Strong R&D partner in EU projects — currently involved in
three FP7 projects (http://cordis.europa.eu/)
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http://cordis.europa.eu/

CERTIFICATIONS & APPROVALS
e DMF for DEAE, QA and SO3 CIM® monoliths were filed
* FDA

e Partners (Novartis, Boehringer Ingelheim, Octapharma,..)
e |SO 9001: 2008

IP

e 4 US patents and their foreign equivalents (more than 50)
granted, more pending:
— CIM® technology and manufacturing
— Different geometries including scale-up

I_'I
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CIM® for Production of Complex Biomolecules

e First drug purified using CIM® monoliths passed CPIll trial (pDNA
for gene therapy).

e More than 50 projects in CPI— CPIll trials (various Influenza,
various Adenovirus, bacteriophages, various IgMs, Inter-alpha-
inhibitors).

 More than 300 projects in pre-clinical trials (Influenza A and B
virus (eggs, Vero and MDCK cells), Rabies virus, Rotavirus, AAV,
various Adenovirus subtypes, Hepatitis A, Vaccinia, Mulv, MVM,
Feline calicivirus, Japanese encephalitis, Crimean-Congo
hemorrhagic fever, Hantaan virus, VLP (Hepatitis B, HPV,
Influenza, Adenovirus), bacteriophages (Lambda, T4, VDX10,
Pseudomonas phage), Tomato and Pepino Mosaic virus, pDNA,
lgM, various proteins).
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Chromatographic Separations

* Principle of Chromatography:

— Equilibrium between the molecules in the mobile and
stationary phase

— The movement of the solutes (proteins, DNA, virus
particles) between the two phases and through the
column - MIASS TRANSFER

* MASS TRANSFER

e Diffusion
e Convection
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Chromatographic separations: mass transfer

e Diffusion - random thermal movement from an area of high
concentration to an area of low concentration

N R

l R M

NPANGTA .

* Convection - movement induced by an external force, such as the
flow of buffer, induced by gravity or a pump

- Courtesy of: Pete Gagnon.
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Conventional packed media
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Diffusion limitations — compromised resolution

Speed limitation - resolution in linear gradient elution at high flow
rate: f2 > f1

Detector response

Eluted volume [mI]

Higher the flow rate - wider the peak — and lower the resolution!
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Diffusion limitations: compromised binding capacity

Chromatographic material: Source 30 S

Sample: IgG
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Courtesy of Prof. A. Jungbauer, IAM, University Vienna, Austria
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Diffusion limitations:

Mass transport within the chromatography column :
— differences in diffusion ‘speed’

— low diffusivities - slow flow rates in order for the molecule to
reach the binding site

Sodium 53 Da 1.4 E-5 > 479x
BSA 66 kDa 6.7 E-7 = 1x
1gG 150 kDa 4.9 E-7 1.4x
IgM 1 MDa 2.6 E-7 2.6x
CcMV 5 MDa 1.2 E-7 5.6x
TMV 40 MDa 5.0E-8 13.4x
DNA 33 kbp 4.0 E-9 167x

Diffusivities of some of the representative molecules (BSA normalized).
BSA = Bovine Serum Albumin, CMV = Cucumber Mosaic Virus, TMV = Tobacco Mosaic Virus.

.
~AT~— ]BIA Courtesy of: Pete Gagnon. www.validated.com www.biaseparations.com




=~ BIA

I separartions

Proteins

Plasmids
Rotavirus

Poxvirus

Molecule Size: Surface Accessibility

1-3

25
150-250

130
200 x 500
220 x 85

Many plasmids and viruses are larger then pores,
which dramatically reduces the binding capacity.
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Monoliths — convection enhanced mass transport

Monoliths are cast as a single block and
inserted into a chromatographic housing.

They are characterized by a highly inter-
connected network of channels -a sponge.
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Monoliths — convection enhanced mass transport

* Binding sites are situated inside the channels — no dead end pores — no
diffusion limitations — same performance at lower and at higher flow rates

e Channels are large (1-2 um) - optimal for molecules like viruses, virus-like
particles and DNA to flow through the channels and bind to the binding

sites

: /\/l BIA . .
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Mass transport within the chromatography column —

consequence of convection

L=

= 0.1 mg/mL IgG
&

3

g

=
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o ReSOURCE™ 305

0 volume applied, mL 125

The dominating factor is

the low efficiency of diffusive mass
transport, which manifests as
decreasing capacity with
increasing flow rate.

| ' Courtesy of: Pete Gagnon.
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100

0.1 mg/mL IgG

% breakthrough

} CiM™ S0,
o

0 volume applied, mL 125

The fact that the curves overlay
illustrates independence from flow
rate, which translates into better
reproducibility across process
scales, as well as faster operation.
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Mass transport within the chromatography column —
consequence of convection
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Particle based column —due to HPLC (with an analytical

diffusion limitations the efficieny monolithic column) separation of
of the column is affected by a mixture of 6 proteins at 3

higher flow-rate resulting in peak different flow rates.

broadening. Demonstrating high efficiency and

flow-unaffected resolution.
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Size of the biomolecule -

BSA lon exchange 20-30 75 -300
IgG Affinity 10-15 25-60
IgG lon exchange 20-25 50-150
IgM lon exchange 20-50 10-50
DNA lon exchange 10-15 0.5-3
Flu virus lon exchange 10— 100x 1x

Dynamic binding capacities = the amount of molecule that will
bind to the column under practical conditions are expressed in
mg/ml column (except for the flu virus).

— Courtesy of: Pete Gagnon. www.validated.com




What distinguishes monoliths from conventional
supports?

1. Structure of the monolith:
e Low pressure drop
e High surface accessibility
e High dynamic binding capacities
for large molecules

2. Convective transport

* Flow independent performance — operating at high flow rates

Suitable for the separation and purification of
large biomolecules; pDNA, viruses, proteins.
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Main Applications — molecule type

Plasmid DNA

g

IA
| separations

DNA depletion

Large proteins

O-antigen
repeat 40 units
Core polysaccharide
P4 gin Disaccharide
O HN OHN diphosphate
Lipid A
Fatty acids
| Structure of Lipopolysaccharide

www.biaseparations.com —



CIM monoliths application areas
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CIM Monoliths

Made of highly cross-linked porous rigid monolithic poly(glycidyl
methacrylate-co-ethylene dimethacrylate)




Available Chemistries

lon exchange Affinity
B - Quaternary amine (QA) [1 - Protein A
[ - Diethylamine (DEAE) [1 - Protein G
W - Ethylenediamine (EDA) O - Protein L
M - Sulfonyl (S03) [0 - Metal chelate (IDA)
B - Carboxymethyl (CM) [0 - Special affinities*
CIM®
media
Activated
Hydrophobic O - Epoxy o
et e Il - Carbonyldiimidazol (CDI)
[ - Butyl (C4) [] - Ethylenediamine (EDA)
W - Hydroxyl (OH)” Immobilized enzymes*

(trypsin, pepsin,...)

- * on request
~— ﬂ BlAn www.biaseparations.com =



Radial flow geometry

FLOW IN
SAMPLE
COLLECTOR
FLOW IN \
MONOLITHIC = =
DISK \\I}l [
S
FLOW OUT
/ _ ||l
axial flow l\;gﬁgﬁ\TRH
FLOW OUT
radial flow
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Radial flow geometry

FLOW IN

SAMPLE
COLLECTOR

XY {1
R

TUBULAR
MONOLITH

FLOW OUT

radial flow
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Distributor — right turning helix

ght turning helix

"NI = hsep!aémons www.biaseparations.com -



Distributor — right turning helix
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Constructon of radial flow monolithic columns

Inlet cover
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Constructon of radial flow monolithic columns

Inlet seal (PTFE)

Inlet cover
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Constructon of radial flow monolithic columns

Inlet seal (PTFE)

Inlet cover
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Constructon of radial flow monolithic column

Inlet cover
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Constructon of radial flow monolithic column

Inlet seal (PTFE)

Inlet cover
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Constructon of radial flow monolithic columns

Inlet seal (PTFE)

Inlet cover
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Constructon of radial flow monolithic columns

Frit
Inlet seal (PTFE)

Inlet cover
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Advantages of short column layers
- Avoid pressure drop becoming limiting

- Take advantage of fast convective mass transfer for high
speed separations

- Avoid unspecific binding, product degradation or minor
structural changes of biomolecules

- Sharp peak resolution

—_—
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Avaliable CIM Monolithic Suppports

"’Y'*" LO Ba

CIMmultus (multi-use disposable columns)
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CiIMmultus line

Concentration
Removal
Purification o Phagi, |
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Improved monolith technology

in innovative multi use disposable housing.
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Housing Composition

Epoxy thermoset composite
Re-inforced with carbon fibers
Coated pin-hole free with

— USP Class VI Parylene C

Disposable

Stainless steel performance
characteristics

GMP compliant

www.biaseparations.com =



Parylene C Coating {m-@mﬁ}

 Certifications * Parylene
— USP 29 Class VI ® [Transparent
e Low dielectric permittivity
— 1S0O-10993

e Excellent thermodynamic

— Applied pin-hole free stability (resistant to the solvent
and thermal endurance).

* Biocompatible and biostable as
well.

e Parylene C used extensively for
coating permanent medical
devices implanted in humans

NO LEACHABLES
\’\Nl Qp!a.Aanons www.biaseparations.com =



CIMmultus column volumes

CIMmultus™
g\
s\ [ﬂl
a‘ﬂh“e +++++ +
........................ SR 1.
.
n v -
+ * -+ ¥
| 1mL
5 8 mL
80 mL
800 mL
_ 8000mL

o))
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CIMmultus — Matching Stainless Steel
Performance

1mL 8 mL 80 mL 800 mL 8000 mL
Type of column 2, 2, 2, 2, 2
=3 =3 = = =
e e 3 3 E
a 2 a g A £ a £ A E
= = = = = = = = = =
L= L= L= L= o o o o o (=
Max pressure 18 bar 18 bar 20 bar 20 bar 20 bar 20 bar 7 bar 14 bar 7 bar 14 bar
Recommended flow rates (mL/min) 1-5 1-5 8-60 8-60 80-240 80-240 200-1300 200-1300 2000-10000 2000-10000
Max. flow rate (mL/min) 16 16 100 100 400 400 2000 2000 10000 10000
Max. operating temperature 40°C 40°C 40°C 40°C 40°C 40°C 40°C 40°C a0°C 40°C
20% ethanol

L-t storage conditions

Sanitization for IEX, C4 HLD 1 M NaOH for at least an hour
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Stainless Steel Single-use
Columns Disposable

Bridging

the Gap Between
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‘CIMmultus’
/S Multi-use NN\

Disposable

Stainless Steel Single-use
Columns Disposable
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Reasons to use in...

SINGLE-USE MODE MULTI-USE MODE

- Prevent cross-
contamination

- Eliminate cleaning and
validation

- Reduce validation cost

Application allows multiple
use

Longer time between
running batches (use-clean-
store-reuse)

Reduce manufacturing costs

Depends on your application

-

= BIA
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Currently Available Chemistries

Chemistry Description

DEAE Weak anion exchanger
QA Strong anion exchanger
SO3 Strong cation exchanger
C4 HLD Hydrophobic

OH Hydrophobic

Additional chemistries upon request
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CiIMmultus

Removal

| separations www.biaseparations.com



CiIMmultus

Traditional methods

Particle based
chromatography

Membrane
chromatography

www.biaseparations.com =



Traditional method for virus purification -

e Long process time — 10 to 18 hours per run.

e Expensive equipment.

e Multiple runs may be needed for impurity removal.
e Scalabilty is difficult.

e Shear forces are a problem! Sometimes infectivity of
viruses can be lost.

N . BT b -
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Virology 434 (2012) 265-270

Contents lists available at SciVerse ScienceDirect

Virology

journal homepage: www.elsevier.com/locate/yviro

CIM™ monolithic anion-exchange chromatography as a useful alternative
to CsCl gradient purification of bacteriophage particles

Evelien M. Adriaenssens®"<, Susan M. Lehman ¢, Katrien Vandersteegen ¢, Dieter Vandenheuvel ¢,
Didier L. Philippe ¢, Anneleen Cornelissen?, Martha R.J. Clokie ¢, Andrés ]. Garcia, Maurice De Proft®,
Martine Maes ¢, Rob Lavigne **

* Katholieke Universiteit Leuven, Laboratory of Gene Technology, Kasteelpark Arenberg 21-b2462, 3001 Heverlee, Belgium

b Katholieke Universiteit Leuven, Division of Crop Biotechnics, Willem de Croylaan 42-b2427, 3001 Heverlee, Belgium

© Institute for Agricultural and Fisheries Research, Unit Plant, Crop Protection, Burgemeester Van Gansberghelaan 96-b2, 9820 Merelbeke, Belgium
d Georgia Institute of Technology, Petit Institute for Bioengineering and Bioscience & Woodruff School of Mechanical Engineering, Atlanta, GA, USA
® Department of Infection, Immunity and Inflammation, Medical Sciences Building, University of Leicester, PO Box 138, Leicester LE1 9HN, UK

=~ BIA S
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Purification method development

* |ndividual methods developed for a particular phage,
e Linear gradients adapted to step gradients.

(((((

H
5\19\2

Capacity — up to 1.2 X 102 phage particles/ml

— Adriaenssens et al./Virology 434 (2012) 265-270

\’\Nl gpla.Aanons www.biaseparations.com =



11 morphologically distinct phages infecting different hosts

Bacreriophages purifisd with OM® manclithic columns

Recowery
et e of phage
Growth  Loading 5 Ehtion of pure | Capadty (phu/mi
Phage Phage family (morphotype) Host spedes Hexsi strain Columns wsed Bufler in
) * medium  suspension® phage fraction | column} pase
[ fraction
4]
Dickeya phage ™ QADEAE
LIME = P h Mycwridas Vil dike) "I, solani CHBC 2072 LB Undiiluted e w Trsa) L& M Madl = TA = 10 g
=
Dickeya phage ! Vil diiks) "D\ sokanr CHBEC 2072 LB Dilued (1 2) CHM QA RE far 06 M Madl =59 = 10" 70
LIME shon2 disk
S raphylo coceu s ) 5 gurens subsp  Rosenbach I A INE AE ) . "
phage &P Mycwridas (Tweors-like ) mccese MM Undiiluted e Trsa) L2 M Madl =« 28 10 555
phage GErogs.  Mporidss (PEI-Nke) Foasuginez  EAME2005-A ISXTS Diued (10) M= QAE | Taga)  O.25M Mad 1.3:= 10" 4070
Feeudom
anas ! (B 1-like ) E Fac14 IZITE  Dilued (171) M QAE Trsa) 025 M Madl 1.3« 10" 4070
phage OF2erld
Farudam.ona s 1-liks] F EAME3005-C 2SI TS  Dilued (1) O QAE Trsa) 25 M Madl 1.3« 10" 4070
’ g5 Myeridas (PE1-dike) | ST : i A sa) = -
Feeudom
ph -::1" Mycirides (KPP10-like ) P amuginea WM& IZITE  Dilued (171) M QAE Trsa) 56 M Mal 1.3« 10" 4070
Burihold &
. Pedowiridar B thollondends  DAASDE LB Dualyzed O QA disk Trsh) 03 M Ml 50107 0
Feeudom k-3
phage e Pageviniae (T7-lks) F. puida FpL1 LB Dilused (1 £2) ﬂ CADERE  migay  oamoraa Z4x 10" &7
Ac QA S =109
Frzudomonas . . IMac™ O ) 1= 10
phage OFaers Pedowiridar (100724-like) P amuginez  Faerd ZSITE  Dilued (1) aw® grat Trsa) 03 M Mad A-aF 40 70
= 1.3 = 10"
Feeudomanas , . O QA IDE AE . iz
Pedowiridar (idavdike) F Paon LB Dilued 12} Trsa) 06 M Ml = 35 % 10 0
phage WZ19 s ! sEuTInE: ) - Hal .

* Undilmed: lysates werne oaded ; dilmed: lysates werne dilued in the connes ponding loading bufier; diabyzed: phage suspension dial yeed against connes ponding ksading bufier.

B wihen mulap e oolumns were tesed, the best column for puarificaton is in boid

* T a) and Trig b} buiflers differ in composcinion 25 descrbed in the matenials and methods ssonion

4 Resdney D oinlan, CI6C Biafilm Lakb, Disisicn of Healthcare Qralry Promeod n, Cenmers for Disease Conmad and Prevengan, Adang, A

\’/\\/
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Adriaenssens et al./Virology 434 (2012) 265-270
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Ultracentrifugation with CsCl Purification with CIM monolith

* Good yields, but the volume of Unlimited volumes of phage can be

loaded suspension of a loaded on each column.
bacteriophage is constricted. « The CIM monoliths scalability

e Equal purity (SDS determined). would permit higher titers to be

« Layering of CsCl gradient is a reached when using industrial
time consuming process, columns.
followed by centrifugation step e Equal purity (SDS determined).
that last for 1-3 hours, finishing e Process does not take longer than
with dialisis that takes several an hour, and the eluted phage can
hours. be stored directly.

° Equipment is expensive. o Equipment is expensive but has a

* Amount of CsCl to purify one broader general applicability.
sample of phage is cheaperthan  « Byt one column can be reused
one column. many times making it cheaper after

several uses.

> | BI IA Adriaenssens et al./Virology 434 (2012) 265-270
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Centrifugation versus chromatography based Flu
purification process

CENTRIFUGATION BASED PURIFICATION PLATFORM MONOLITH BASED PURIFICATION PLATFORM

Expanison of Vero cells AEX of Influenza A HIN1

Expanison of Vero cells

1

Harvest and Clearance Harvest and Clearance p \J
S
Benzonase Benzonase 4 = "
SEC of Influenza A HIN1

T
R s
o
I

Tangential Flow Filtration (TFF)

CIM QA Monolith: Anion exchange
chromatography (AIEX)

Ultracentrifugation (UCF)

i

7

pmoriaocts
——
T
it
" pineo o s

Adjustment to final formulation

—r—tq

Infectious virus yield | 11.4% Infectious virus yield 47.3 %

DNA removal 99.96%
Protein removal 97.8%

DNA removal 99.50 %
Protein removal

E. Roethl et al., GreenHillsBiotechnology, BioProcess International, Raleigh, NC, 2009

4-times better yield results in e.g. 4 M doses of vaccine instead of 1 M doses for similar
costs of the process = 3 M doses are pure profit, = more vaccine for pandemic

=~ BIA . .
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Particle based media

Diffusion limitations:
— Limited flow rates
— Long process times

* Low dynamic binding capacities for large

e Column packing is an issue

—_—

biomolecules:
— Low diffusivity constants
— Too small pore sizes

| i separartions



Chromatographic media - membranes

 Dynamic binding capacity (comparable or lower).

e Relatively large void volumes.

e Turbulent mixing between membrane layers in the
void volume — eddy dispersion.

~N I SBGAAUOHS www.biaseparations.com =



Evaluation of different supports for

purification of live influenza A

orous i-affini
Average values PN ]IS O membrane ap . serm affm!ty
particles porous particles
Virus Recovery 54% 35% 35% 27%
DNA Depletion 96% 95% 95% 91%
Protein
. 95% 94% 98% 99%
Depletion
Dynamic 10.3 log, 10.3 log, 9.0 log,, 8.4 log,,
Binding TCID50/mL TCID50/mL TCID50/mL TCID50/mL
Capacity Support Support Support Support

Maurer et al., Purification of Biological Products, Waltham, MA/USA, 2007

50% better recovery results in e.g. 1,5 M doses of vaccine instead of 1 M doses,

at the same costs of the process = 0,5 M doses are pure profit

—

=~ BIA
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Membrane versus CIM Monolith
Canine Adenovirus Type 2

Bioprocess development for canine adenovirus type 2 vectors

P Fernandes'?, C Peixoto?, VM Santiago?, EJ Kremer®, AS Coroadinha™? and PM Alves'?

Effect of different purification strategies on AE1 CAV-2 yields

Step Strategy Recovery (%)

Clarification

Microfiltration 30

Centrifugation and microfiltration 90 + 2°

Purification
Membrane adsorber 42 +5°
Monolithic column 82+ 2°

Polishing

Size exclusion chromatography 87 + 6°
Core bead prototype 86 +9°

Abbreviation: AE1, El-deleted. “Standard deviation of triplicate assays.
The strategies in bold represent the best options to purify CAV-2 vectors.

Fernandes, P et al_Bioprocess development for canine adenovirus type 2 vectors,

, | BIA Gene Therapy (2012), 1-8 ) ,
Wl sep.aranons Py ( ) www.biaseparations.com =



Membrane versus CIM Monolith
Lentiviral vector

INFECTIOUS TITERS, CONCENTRATION FACTORS, AND RECOVERIES OBTAINED AT THE END
oF Eactr DowNsTREAM PrROCESS STEP, BEFORE AND AFTER OPTIMIZATION

Before optimization After optimization

Infectious titer (x 10° IP/ml) CFE Recovery (%)  Infectious titer (x 107 IP/ml) CF Recovery (%)

Clarification
Centrifugation 0.24+0.01 - 71+6
Depth-filtration 0.25+0.01 - 74+5 0.30£0.02 - 91 +6"
Purification (AEXc)
Sartobind D MA75 2.310.1 12.5 28+4
CIM DEAE 6.1+£0.2 27.1 55+2 8.0+04 21.7 80 + 5"
Concentration (UF/DF)
Vivaspin 100 KDa 450+0.04 34 67 £6

300 KDa 4.5+0.2 1.1 6819
Vivaflow 100 KDa 4.8+0.1 1.6 7241 72+1°
Polishing (SEC) 0.11+0.02 - 2742 0.82£0.05 - 68 + 74
Overall Recovery (%) 8 36°

Results after optimization are shown for the methods presenting higher yields and chosen to be part of the downstream protocol developed
herein due to their advantages.

a d[(e-::uverv efficiency of total infectious parhcles Ubtamed after optimization of several conditions in each downstream processing (DSP)
step: “increase of the flow rate from 50 to 100 ml min b]]TIJTl(—.‘dlatE five-fold dilution of viral preparations after elution; ‘no optimization was
performed in this step due to the high recoveries Ubtamed increase of the concentration of the loading material by six-fold; “overall recovery
obtained after using the techniques that gave the best recoveries in each purification step. The errors correspond to standard deviation (n= 3)

CF, concentration factor (in volume).

V. Bandeira et al., Downstream Processing of Lentiviral Vectors: Releasing Bottlenecks, Human
Gene Therapy Methods 23:1-9 (August 2012)
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CIM Monolith versus particles and membranes:
Adenovirus 5 vector

Q Sepharose XL

Capto Q
CIM disk

Fractogel

3.55E+11
3.75E+11
3.05E+11
2.21E+11

1.7
1.2
1.2
1.3

2.04E+11
2.97E+11
2.72E+11
1.70E+11

2.09E+11
9.19E+11
7.70E+11
1.70E+11

Reece-Ford et al, Evaluation of different anion-exchange resins for purification of recombinant
human Ad5 vectors, poster Cobra
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Separation of empty and full AAV capsid — enabling feature

FIG. 3. IEX particle assay. (a) Seventy-five microliters of an empty particle AAVS preparation (lot no. Z4033) was loaded
onto a 0.34-ml CIM-QA disk, using FPLC, and eluted with a 50-150 mM salt gradient. The y axis shows the absorbance
(mAU) at 280nm and the x axis the elution volume (ml). The detected conductivity and absorbance are represented by solid
light and dark blue lines, respectively. The vertical dashed pink line represents the point of vector injection. (b) A full AAVS
vector preparation (lot no. V0083, 1 %10"? GC) was run under the same binding/elution conditions as used for the empty
particle preparation. Fractions were quantified for vector GC content and those fractions containing >99% of the loaded
material are indicated (shaded box). (¢) An overlay of the elution profiles of the empty and full AAVS vector preparations is
shown.

Lock et al., HUMAN GENE THERAPY METHODS: Part B 23:56—64 (February 2012)
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influenza

T7 phage
M13 phage
lambda phage
PRD1 phage
adenoviruses
baculovirus
pDNA
genomic DNA
lgM

endotoxins

Capacities

2 E+12 vp/mL
1 E+13 pfu/mL
4.5 E+13 pfu/mL
1 E+13 pfu/mL
6 E+13 pfu/ml
2 E+12 vp/mL
2.4 E+11 pfu/ml
8 mg/mL
15 mg/mL
25 —-50 mg/mL
> 115 mg/mL
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Theoretical amount of virus purified per single run

Column virus purified (vp/mL)
CIMmultus QA 1 mL 1E+12
CIMmultus QA 8 mL 8 E+12
CIMmultus QA 80 mL 8 E+13
CIMmultus QA 800 mL 8 E+14
CIMmultus QA 8000 mL 8 E+15

A
B
°
°
.
s
°
o
o ®
a
o ®
°
B
.
°
o ®
o®

CIM1mL
flow rates:
L:20mbjmin flow rates: C"Vl 80 ml-
2-60 mL/min P Cl M 800 mL
20300l min flow rates: CI M SODO m L
20035001y flow rates:
\A/\/[—]B IA 2000-8000 mL/min
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Plasmid DNA Binding Capacity Using AEC

Used for CP Il trials

~ 10
E —m— CIM® DEAE
g’ — —®— Q Ceramic Hyper D 20
g g )| —A—Fractogel EMD DEAE (S)
ag SN/ —<— Source 30 Q
S {ﬁg ?’ N —@— Toyopearl DEAE 650-M
% AR L *— DEAE Sepharose

2o W& ZES
AR N
I A o o .
é 4 T~ CIM DEAE binding capacity
= A -— A
= =~8 mg/ml
S °
o 24
S
g B <
S e

0 200 400 600 800 1000

Linear velocity (cm/h)

Boehringer Ingelheim: ,,15-fold increase in productivity“

- High binding capacity at relevant flow rates
- High elution concentration - pDNA eluted in lower volume (important for SEC!)
- Fast process (no product loss due to oxidative degradation or enzymatic attack)

=~ BIA
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Urthaler et al., J.Chrom. A, 1065 (2005), 93-106
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Plasmid DNA purification process

E. coli culture with plasmid

v

Cell harvest

v

Alkaline lysis with adjustment to

il

0.5 M, Cacl,

Clarification

v

Adjustment to binding conditions

CIM DEAE monolith
v

Adjustment with (NH,),SO,

v

CIM C4 monolith

Buffer exchange

=~ BIA
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High Quality pDNA

PDNA (ug/ml)

PDNA (mg)

Homogeneity (% SC)
Endotoxins (EU/mg pDNA)

Host cell proteins (pg/ml)

gDNA (ng/mg pDNA)

RNA (ug/ml)
Yield (%)

28
40
94

200
190

20

N.D.
100%

b Lami

630
38
95

12.4
30

10.3

95%

300
34
98

1.1
11

3.4

90%




Theoretical amount of pDNA purified per single run

Sizes pDNA

(g/run)
| 1 mL 0.006
................ ” 8 mL 0.048
& 3 . 80mL 0.480
’ 800mL 4.8
(M 1 mL
flow rates: 8000 mL 48

1-10 mL/min

250 mL/mm flow rates: CI M 800 mL
20-300 mL/min e CiM 8000 mL

200-1500 mL/min

flow rates:
2000-8000 mL/min

: /\/l BIA . .
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Polishing step
—
Disposables

Proposal process of IgG mAb

h .
Harvest mAb Production Challenges
Centrifugation/Filtration in Polishing Steps
y,
J L 1. Viral Clearance
. 2. Aggregate Removal
Protein A chromatography 3. Host Cell Protein Removal
e 4. DNA Removal

Low pH virus inactivation

5. Leached Protein A Clearance

= =

CIM SO3 Monolithic Column

e

Flow-through

CIM QA Monolithic Column

Mode

= =

=~ BIA
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Viral Filtration

o

UF/DF
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Immunoglobulin G - monoclonal

e Platform purification process consisting of an affinity step
(Protein A) and one to two ion-exchange steps.

e The cation-exchange (SO3) step is used for the removal of
aggregates.

e Usually, an anion-exchange (QA) step is used for final
polishing — DNA and virus removal.

~~ BIA |
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Aggregates removal on a CIM SO3 column
— negative mode

Recent results demonstrate a high efficiency of CIM SO3
monolithic columns for the removal of aggregates in
the negative chromatography mode. The same holds for
the HCP - recent data.

=
o

*High binding capacity for
/, aggregates

/ *High loading of
i monoclonal antibodies

% Aggregate in Flowthrough
O P N W M 01 O N 00 ©
™~

0 100 200 300 400 500 600 700 800 900
Load Challenge (g mAb /L media)
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HCP and DNA removal on a CIM QA column
— negative mode

e HCP and DNA can be efficiently removed by the QA polishing step at
various levels of antibody loading — in the negative chromatography step.

Flow rate Load challenge HCP DNA

(CV/min) (g mAb/L monoliths) (ppm) (ppb)
3 100 TLTD* <0.8
15 100 TLTD* 1
3 1000 104 0.7
15 1000 10.8 <0.5

*TLTD, too low to be determined

—_—
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A Comparison of Microparticulate, Membrane, and Monolithic Anion Exchangers for
Polishing Applications in the Purification of Monoclonal Antibodies.

Feie Cagnan, Richamf Rofien”, Simin Zaid?, Franci Aodin'

Validate Bivayiterrn, P40 dreviida Vinta Montang, Saite JF San Clemende, California 3672 Aiid Bioserviors b’ 14282 Frankfe dvenue, Tislin, Cafifoends 52780
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Dynamic Binding Capacity for DNA

DBC mg DNA

Dynamic Capacities
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QFF Q nano

CIM QA

Note 50 times higher dynamic binding capacity than particle based resin
while operating at 4-fold higher flow rate!
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http://www.validated.com/revalbio/pdffiles/PUR07a.pdf

CIM monoliths application areas
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