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3M Polisher ST

Single-use membrane chromatography
designed for process intensification.




Cost-efficient single-use technology.

The next generation in single-use technology, the 3M™ Polisher ST is
designed as a cost-efficient option to increase biomass productionin ... .
therapeutic recombinant protein processing. It is designed for use in :
most operating conditions for replacing the downstream Anion Exchange

(AEX) polishing column in fed batch and/or continuous manufacturing

processes. 3M™ Polisher ST is offered in a range of products suitable for

early screening and process development of monoclonal antibody (mAb)

processes and larger single use capsules for deployment in

manufacturing processes in most polishing process conditions.

A compact, small footprint solution. 3M™ Polisher ST has greater
capacity for delivering higher purity and yield in the downstream
polishing unit operation. This is a solution for a connected continuous
downstream operation for the flexible facility of the future.

Overcome scale limitations and enable cost-efficient manufacturing with  3M™ Polisher ST* Competitor
the 3M™ Polisher ST to support the growing demand for biologics. Small footprint of 3M™ Polisher ST (left)

allows for more efficient use of space

3M™ Polisher ST family* .
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A synthetic, fully encapsulated single-use anion exchange device.
The 3M™ Polisher ST contains two complementary AEX-functional
media: a quaternary ammonium (“Q”) functional nonwoven (FNW)

C e . H H guanidinium
and a guanidinium (Gu)-functional membrane. I I group
The Q-functional nonwoven provides reduction of turbidity (when H” N@\( SH
present), DNA, and endotoxin, as well as a portion of the product’s o g N
AEX capacity for host cell protein (HCP) and virus reduction. \)\@ _-H - \I\

The novel guanidinium functionality of the downstream AEX o~

polishing membrane mimics the amino acid, arginine, one of the carboxylic e

three positively charged naturally occurring standard amino acids acid

that make up proteins. Comprising a resonance-delocalized positive

charge and multiple co-planar pairs of hydrogen-bonding groups, AEX performance of the guanidinium-functional

the guanidinium group of arginine is observed in nature to interact membrane of 3M™ Polisher ST provides HCP and virus
with residues of the two negatively charged, carboxylic-acid reduction in a salt tolerant (ST) manner compared with
functionalized amino acids, aspartic acid and glutamic acid, forming conventional Q-functional AEX resins and single-use
robust salt bridges that involve two hydrogen bonding interactions media, which rely solely on electrostatic interactions
in addition to an electrostatic interaction. that can be screened at elevated ionic strength.
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Innovative design.

The composite purification media comprises three primary components:
Q-functional FNW, guanidinium-functional AEX membrane, and support
membrane. The Q-functional portion of the AEX media is composed of four
layers of polypropylene nonwoven that have been surface functionalized
with a covalently attached quaternary ammonium functional polymer.

The guanidinium-functional portion of the AEX media is composed of
three layers of a polyamide microporous membrane, having a 0.8-pm
nominal pore size, that have been functionalized with a covalently attached
guanidinium-functional polymer. The AEX media are followed by a single
layer of a nominally 0.8-pym pore size polyamide membrane support.
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Functionalized membranes are used for high productivity chromatographic
purification processes that match upstream efficiency without the need
for oversizing.

A single-use membrane absorber purification solution, 3M Polisher ST is designed
for the downstream processing of monoclonal (mAbs) and other recombinant
proteins in flow-through mode.

Designed to help. The 3M™ Polisher ST helps to improve mAb development and
manufacturing processes in most polishing process conditions.
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Purification — streamlined.

Biopharmaceutical purification process improvements.

This process train illustrates the potential of combining 3M products to work together to help create an
intensified manufacturing process, eliminating other process steps.

3M™ Zeta Plus™
Depth Filter

* Removes whole
cells and reduces
cell debris

o Sizes available
from benchtop to
production scale

Master cell bank

(MCB)
. | 5000 Liti
> i > B'?g?eglt Bioreact
3M™ Polisher ST*

o Fully encapsulated single-use AEX product

o Helps reduce HCP impurities, viruses and other negatively
charged contaminants

o Intended for flow-through polishing chromatography

3M™ LifeASSURE™ PDA Sterile Filter

© 0.1 pm sterilizing membrane 3M™ Emphaze™ AEX Hybrid Purifier
* Bacteria and mycoplasma removal

* Robust turbidity reduction
o DNA, HCP and endotoxin reduction

I i
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.
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Performance.

Designed for replacement of the Q-functional bead-based
chromotography column, the 3M™ Polisher ST is equipped
with high throughput, cleaner effluent and lower total cost
of ownership.

The nonwoven and membrane skeletons provide mechanical
strength and durability, while the grafted hydrogel
functionality creates a large three-dimensional surface

area that contains a high density of functional groups with
interconnected pores allowing for convective flow channels
to achieve high flow rates during purification.

The high density of binding sites, together with a
macroporous structure, enables high binding capacity for
not only HCPs, but also large molecules, such as viruses and
DNA. The high density of binding sites and low residence
time results in high mAb recovery (>95%).

The high ligand density on our advanced anion exchange
membrane provides robust impurity removal, viral clearance,
and a 50 to 100X higher mAb loading capacity than
chromatography resin beads to further reduce media volume
requirement. The impurity clearance performance

(HCP <1000 ppm, =100 ppb DNA, and viral clearance)
is independent of the load which could be as high as
10 kg/m?, enabling downsizing of the unit operation.

Offering a combination of high dynamic antibody-loading
(10 kg/m?) capacities with low residence time (about

0.2 min compared to 1 minute for traditional Q resin),

the 3M™ Polisher ST opens the way to an intensified
high-productivity, truly single-use purification platform.

Robust viral clearance is achieved over a range of buffer
and pH conditions, which provide a wide design space

for operation, as shown in the data below. Performance is
maintained at high conductivity (20 mS/cm) even in citrate
buffer, which reduces the need for feed dilution or buffer
exchange requirement resulting in a simplified process
with reduced cost factors.

AEX chromatography removes HCP and DNA and is also
an effective virus removal step as part of an orthogonal
viral clearance technology platform. Under process
conditions of pH 5.5 to 7.5 and 5 to 20 mS/cm, 4 to 7 LRV
can be achieved using 3M™ Polisher ST.

3M™ Polisher ST | 5



Test Data

Dynamic binding capacity. BSA DBC at 10% breakthrough

W
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The lab and scale-up capsules used by the 3M™
Polisher ST have target mAb loading capacities from
1gto 1 kg. Larger capsules with target mAb loadings
of 2.25 kg and 16 kg are planned. Scalability of
capsules with different frontal media surface area was
assessed by measurement of bovine serum albumin
(BSA) protein dynamic binding capacity (DBC) as a
simulant for HCP. The BSA DBC per unit area is quite
constant across all capsules, having a mean value of
22.6 g/cm? and a standard deviation of 0.98 g/cm?.
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BC1 BC4 BC25 BC170 BC340 BC1020 BC2300 BC16000 BC16000
stack

Consistent DBC under a wide range of pH and conductivity.

3M™ Polisher ST BSA DBC

w
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The BSA DBC specification for the functional
membrane only is 7.8-12 mg BSA/cm?in 25 mM
Tris, pH 8, 50 mM NaCl. High salt (20 mS/cm)
reduces the capacity of the membrane by

~2-3 mg/cm? Additional capacity provided by
the FNW at conductivities < ~10 mS/cm.
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3M™ Polisher ST AP @ 1 mL/min/cm?2
The differential pressure (AP) specification for the 14 ]
functional membrane only is < 10 psid in 25 mM 12
Tris, pH 8, 50 mM NaCl at 1 mL/min/cm?2. Lower
. . 10
salt (< 6 mS/cm) slightly increases pressure due - s
to contribution from FNW. Maximum differential fg‘ 8
pressure (all capsule sizes) is 35 psid. 3 6
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6 mS/cm —— 20 mS/cm
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HCP reduction in monovalent and polyvalent buffers

HCP reduction (%)

HCP reduction. 80
70
~500 ppm HCP in a VIN mAb pool 60
> 60% removal in Phosphate buffer - 50
> 22% removal in Citrate buffer
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In Comparison to Q Column

Offering a combination of high dynamic antibody-loading (10 kg/m?)
capacities with low residence time (about 0.2 min compared to 1 minute
for Q-resin), the 3M™ Polisher ST opening the way to an intensified
high-productivity, truly single-use purification platform.

Chromatographic columns have a limited loading capacity for polishing
and virus capture. Furthermore, they are large and have a high investment
cost. Traditional column chromatography systems are slow in producing
recombinant proteins.

% HCP removal vs pH and conductivity
using Polisher ST

% HCP Removal
| < 5%

5 - 15%
15 - 25%
25 - 35%
[ 35 - 45%
0 45 - 55%
M 55 - 65%
M 65 - 75%
| | > 75%

% HCP removal vs pH and conductivity

using Q resin

5.0 7.5 10.0 12.5 15.0 17.5 20.0
Conductivity (mS/cm)

3M™ Polisher ST (10 kg/m?)

5.0 7.5 10.0 12.5 15.0 17.5 20.0
Conductivity (mS/cm)
Q Chemistry (200 g/L)
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Test Data (continued)

mAb recovery.
Without significant adjustments to pH and conductivity,

3M™ Polisher ST has robust performance with respect to
HCP and DNA clearance and better mAb recovery.

% mAb recovery in monovalent and polyvalent buffers
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% mADb Recovery
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% mAb recovery vs pH and conductivity
7.5
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5.0
5.0 7.5 10.0 12,5 15.0 175 20.0

Conductivity (mS/cm)

3M™ Polisher ST (10 kg/m?) in acetate/tris

3M™ Polisher ST

DNA Reduction (5-10 kg/m? loading fraction)
.10
DNA clearance across a .8_
variety of initial concentrations o 08
(~10-1000 ppb) down to g :
. . . o— m
detect'lon limit levels (0.05 ppb = 0.6 o o o =
DNA) in all buffers (acetate, = © ®© ® £ »
. . c - - “ Q ‘=
citrate, phosphate, tris) and o 8 8 - 8 -
conductivities were tested and g 04 < < o =
are reported in the 8
table alongside. < 0.2
Z
o | .- S - - .

5.0 6.0 6.0 7.0 7.5
pH
B Low Conductivity (< 7 mS/cm) ™ High Conductivity (20 mS/cm) ---- Detection Limit
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HCP and DNA reduction and mAb recovery in legacy,
modern and next gen mAb feed streams.

Conductivity Turbidity HCR it Iyl DNA.‘
Buffer (o Feed stream (NTU) redunctlon recoovery conc. | reduction
(%) (%) (ppb) (LRV)
Tris 7.5 5 Legacy no 200 20 81.1 102 0.05
Phosphate 7.5 20 Legacy no 200 20 58.2 100 <0.05 >2.9
Acetate 5.5 5 yes 500 1000 60.8 100 <0.05 >5.8
Citrate 5.5 5 no 500 50 18.5 99.6 0.06 815)
Tris 7.0 7 no 500 50 81.7 99.7 <0.05 > 3.1
Acetate 6.0 7 no 500 50 75.0 100 <0.05 >3.7

Load 10 kg/m?

Performance in turbid streams.

3M™ Polisher ST was challenged with turbid streams to simulate different downstream processes.

B Conductivity | Turbidity Lyt i HCF: : DNA
uffer (e (NTU) mAb conc. recc:very reduoctlon Fraction reduction
(mg/mL) (%) ) (LRV)
Load 47560 -
Acetate-Tris 5.5 6 39.7 22.3 1465 98.6 80 0-5 kg/m? <0.05 >5.98
5-10 kg/m? 0.09 5.73
Load 106800 ---
Tris-Acetate 7.0 6 18.3 234 1508 100.2 54 0-5 kg/m? 2.18 4.69
5-10 kg/m? 3.34 4.50

Similar HCP (> 50%) and DNA reduction (> 4 LRV) and mAb recovery (> 97%) compared to non-turbid samples.

The AP across the capsule did not significantly change during the 10 kg/m? load.

Post Depth Filter and Post VIN with minimal pH adjustment. Similar feed stream to modern
Legacy CEX Bind and Elute step. Process in general is cleaner compared with less DNA and turbidity

Depth Filter and CEX to legacy but there is less preconditioning and slightly higher pH and
have reduced some prior to AEX resulting in higher conductivities for subsequent
contaminant levels. contaminant and turbidity levels. polishing steps (HIC/MM).
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Test Data (continued)

Viral Clearance in Buffer

Viruses XMulV, Reo-3, PrV and MVM

XMuLV, Reo-3 and PrV all showed > 6 LRV clearance (detection limit) from pH 5 - 7.5,
conductivities 3 - 20 mS/cm and in both monovalent (Acetate/Tris) and polyvalent
(Citrate/Phosphate) buffers.

MVM showed > 4 LRV clearance from pH 5.5 - 7.5, conductivities 5 - 20 mS/cm and
in both monovalent (Acetate/Tris) and polyvalent (Citrate/Phosphate) buffers.

Viral Clearance studies were performed with MVM and XMuLV using mAb solutions
representing legacy, modern and next-gen mAb feed streams.

The Tris pH 7.5, 5 mS/cm MVM study was performed at Charles River.

All other studies were performed at Texcell.

XMuLV Reo-3

LRV A LRV o
- ¢ - )1 XMuLV LRV vs pH and conductivity - ( - z Reo-3 LRV vs pH and conductivity
m-2 -2
m2-3 m2-3
m3-4 m3-4
M 4-5 M 4-5
ms5-6 ms5-6
Hm >6 m >6

5.0 7.5 10.0 12.5 15.0 175 20.0 ’ 5.0 7.5 10.0 12.5 15.0 175 20.0
Conductivity (mS/cm) Conductivity (mS/cm)

PRV [ MVM |
L PRV LRV vs pH and conductivity L MVM LRV vs pH and conductivity
-2 10-15
m2-3 15-25
M 3-4 25-35
M 4-5 M35-45
ms5-6 W45-55
m >6 W >55

5.0 7.5 10.0 12.5 15.0 175 20.0 ’ 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Conductivity (mS/cm) Conductivity (mS/cm)
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Buffer Conductivity

Avg viral clearance (LRV)
(mS/cm) (NTU) MVM XMuLV

10 kg/m?

Tris 7.5 5 Legacy no 200 20 6.16 6.53 >6.26 >6.26
Phosphate 7.5 20 Legacy no 200 20 >4.69 >7.41 >6.61 >6.89
Acetate 5.5 5 yes 500 1000 5.34 5.86 >6.53 >7.54
Citrate 5.5 5 no 500 50 5.33 6.14 6.16 4.74
Tris 7.0 7 no 500 50 5.60 6.05 >6.88 6.41
Acetate 6.0 7 no 500 50 >5.43 5.92 >6.72 >7.72

Designed as a next generation bioprocessing solution, the 3M™ Polisher ST
addresses the challenge biopharmaceutical companies have with the adoption
of new manufacturing methods, for continued growth and innovation. Within
the next five years, it is estimated that approximately 35 percent of today’s
biologics will be manufactured using some sort of process intensification
methods. Facilities will be smaller but capable of producing higher volumes of
multiple molecules.

The key to this advancement will be the use of methods such as
continuous bioprocessing technologies, some of which may be single
use, which would enable facilities to reduce both their size and cycle
times. The complexity of the bioprocessing industry has challenged
companies’ innovation efforts, due to potential costs required for
changes to take place.

A single-use technology, the 3M™ Polisher ST is designed as
a cost-efficient option to increase biomass production in
therapeutic recombinant protein processes in all operating
conditions and to replace downstream AEX polishing
column in fed batch and/or continuous manufacturing.

The compact, small footprint and higher capacity solution
of the 3M™ Polisher ST delivers higher purity and yield in
the downstream polishing unit operation in a connected
continuous downstream operation for the flexible facility
of the future.

Enabling a facility strategy that can overcome scale
limitations and enable cost-efficient manufacturing,
the 3M™ Polisher ST supports the growing demand
for biologics.
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For more information about the 3M™ Polisher ST, contact your
local sales rep or visit us at 3M.ca/Bioprocessing

Intended Use: 3M™ Polisher ST single-use filter products are intended for use in biopharmaceutical processing applications of aqueous based
pharmaceuticals (drugs) and vaccines in accordance with the product instructions and specifications, and cGMP requirements, where applicable. Since
there are many factors that can affect a product’s use, the customer and user remain responsible for determining whether the 3M product is suitable and
appropriate for the user’s specific application, including user conducting an appropriate risk assessment and evaluating the 3M product in

user’s application.

Prohibited Use: 3M advises against the use of these 3M products in any application other than the stated intended use(s), since other applications have
not been evaluated by 3M and may result in an unsafe or unintended condition. Do not use in any manner whereby the 3M product, or any leachable from
the 3M product, may become part of or remains in a medical device that is regulated by any agency, and/or globally exemplary agencies, including but
not limited to: a) FDA, b) European Medical Device Directive (MDD), c) Japan Pharmaceuticals and Medical Devices Agency (PMDA) or in applications
involving permanent implantation into the body; Life-sustaining medical applications; Applications requiring food contact compliance.

Product Selection and Use: Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance of

a 3M product in a particular application. As a result, end-user is solely responsible for evaluating the product and determining whether it is appropriate
and suitable for end-user’s application, including a completing a risk assessment that considers the product leachable characteristics and its impact on
drug safety, conducting a workplace hazard assessment and reviewing all applicable regulations and standards (e.g., OSHA, ANSI, etc.) Failure to properly
evaluate, select, and use a 3M product and appropriate safety products, or to meet all applicable safety regulations, may result in injury, sickness, death,
and/or harm to property.

Warranty, Limited Remedy, and Disclaimer: Unless a different warranty is specifically stated on the applicable 3M product packaging or product
literature (in which case such warranty governs), 3M warrants that each 3M product meets the applicable 3M product specification at the time 3M ships
the product. 3M MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED
WARRANTY OR CONDITION OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR ARISING OUT OF A COURSE OF DEALING,
CUSTOM, OR USAGE OF TRADE. If a 3M product does not conform to this warranty, then the sole and exclusive remedy is, at 3M’s option, replacement
of the 3M product or refund of the purchase price.

Limitation of Liability: Except for the limited remedy stated above, and except to the extent prohibited by law, 3M will not be liable for any loss or
damage arising from or related to the 3M product, whether direct, indirect, special, incidental, or consequential (including, but not limited to, lost
profits or business opportunity), regardless of the legal or equitable theory asserted, including, but not limited to, warranty, contract, negligence, or
strict liability.

3M Separation and Purification Sciences Division
3M Canada
P.O. Box 5757
London, Ontario N6A 4T1

3M, 3M Science. Applied to Life., Emphaze, LifeASSURE and Zeta Plus are trademarks of 3M.
Phone: 1-800-364-3577 Used under license in Canada. © 2022, 3M. All rights reserved. All other trademarks are the
Web: 3M.ca/Bioprocessing property of their respective owners. Please recycle. Printed in Canada. 2210-25215 E



