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3M/v/v/\

= Foundedin 1902
= Headquarters: St. Paul, Minnesota, USA

= 2019 Global Sales: $32.1 Billion (~60%
International)

= 91,000 3Mers globally
= ~ 8,000 employees in GCA

= More than 4,500 employees have Ph.D
degrees (most of them in chemical
engineering)

= 113,000 patents

* One of 30 companies on the Dow Jones
Industrial Index
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Separation and Purification Science Division

m Prior to 2005, 3M had a small filtration business with bag filters
and HEPA grade air filters (Filtrete™)

m A 3M fully owned subsidiary — Dyneon, also offered IEX resins

a4
under the trade name Emphaze™, an extraction product W{?J@

Empore™ (later sold to Chinese company) and was in
development of a Protein-A resin, and later on, a Protein-A A
membrane chromatography

m In 2005, 3M acquired CUNO for $1.35 billion

m CUNO was a liquid filtration company specialized in depth
filtration and sterilizing grade membrane filters

m |In 2015, 3M acquired Membrana for $1.0 billion, maker of Liquid- poLY=asE
Cell and PES membranes WY & SFEs
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Platform mADb Production Process

> 10 step process:

J»

Master Cell Bank
(mcs)

* Robust design to ensure the
complete removal of a
variety of impurities:

> Cells + cell debris

Polishing Step

> HCP

. > DNA
Protein-A

Column > Virus

> Bio-burden

* Process variations
(especially at the cell
culture step) make
platformability difficult
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Introduction of single use AEX step

| . 11 = 3M technologies provide:

3M™ ZetaPlus™ | ;4
Depth Filter 3

- o o e o o oy

Higher purity early on

—wll
-

Process simplification

3M™ Emphaze™
Hybrid Purifier

Efficiency and reduced
total cost of ownership

- am s e s s =

Single-use technologies

Robust, reliable solutions
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Polishing Trains in mAb Production

CEX B&E) Dilution AEX (FT)

~ WE» Eof &R
< WEs EVE H o

AEX (FT) HIC/MM (1)

ing ing irus
Next gen gjgﬁ » E » E» iy
) : _
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3M™ Polisher ST

Advanced single use AEX solution designed to replace reusable AEX polishing column

Reusable AEX Column

© 3M 2020. All Rights Reserved. 3M Confidential.

3M™ Polisher ST has:

* >100x mAb loading of typical Q resin
(10+ kg/m? target loading)

» Scalability from lab to manufacturing scale
* High salt and low pH tolerance

* Robust viral clearance across very wide
range of conditions

» Viral nano-filter protection

3M™ Polisher ST
BC16000



3M™ Polisher ST

Enabling robust performance using new AEX ligand chemistry

* Guanidinium functional group Current AEX Ligand Chemistries
* Novel 3M bio-inspired functional ligand design )
= H H
« Large resonance structure stabilizes positive charge L rL+ 5 e il
* Multiple electrostatic-like interactions FL Fll
Quaternary Primary amine (PA)
ammonium (Q)
NH, « Conductivity * Better salt tolerance
H,N>_NH J\+ carboxylic acid sensitive * Polyvalent buffer
}( NH™ XNH, SR intolerant

NH

2

HzN;\\(NH ng_l2 é_} I;| guanidinium group
" J\+ He NS Ny
NH, NH~"XNH, e

N Capable of salt-bridging

H” \I\ and hydrogen bonding
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3M™ Polisher ST

Capsule construction

*  Turbidity reduction
(membrane R s S0 -
protection) 56 N 5P > Ty o@layers L/
DNA capture even at S QLSRR8 . e QFunctionalizedy,

: .. N, o S5 s . Polypropyiene
high conductivity /' Nonwoven N/
(protecting the ' !
membrane capacity)

>

~o3 Iéyers A X
» Gu Furictionalized |

- ~Polyamide=.

L “Meéembrane |
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3M™ Polisher ST

Capsule Sizes and Scaling

All Capsules are:
Autoclavable: 121°C for 30 min
Base Sanitizable: 1 M NaOH for up to 1 hour

>

‘O

(0]

Q

S Lab Scale

= ‘}

( BC4
: 4 cm?

BC1
1cm?
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Production Scale

Pilot Scale

BC16000

Ea=2 2
& » Bc2so0 6m
- 2300 cm?
BC1020
1020 cm?
Target Loading 19/cm? (10 kg/m?)
Flow rate 1mL/min/cm?

Preconditioning flush 5 mL/cm? (54L/m?)
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3M™ Polisher ST

Capsule Sizes and Scaling production Scal
roauction ocale
All Capsules are: .
Autoclavable: 121°C for 30 min £y ﬁ\:{‘%
Base Sanitizable: 1M NaOH for up to 1 hour Pilot Scale 777 ‘11}
| 4 - 1
K : ’\/\‘\‘ n\\f
e
e BC16000
gl 16 kg mAb
- 2.3 kg mAb
*5 BC1020
s = 1kg mAb
S Lab Scale / e 3 4BOC93i1?Ab
=" 3 BC170
s 170 g mAb
' BC25
« BCA 25 gmAb Target Loading 1g9/cm? (10 kg/m?)
) 4 g mAb Flow rate 1mL/min/cm?
BC1 Preconditioning flush 5 mL/cm? (54L/m?)
1gmAb
m 12
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Robust scaling with consistent capacity

Bovine serum albumin (BSA) dynamic binding capacity (DBC) using a 1 mg/mL solution in 50 mM Tris, pH 8, 50mM NaCl (~ 6 mS/cm) at 1 mL/min/cm?

BSA DBC at 10% Breakthrough
30

0 I I I I I I

BC25 BC170 BC340 BC1020

N
ol

N
o

Avg mg BSA/cm?
o o

)

Capacity scalability across all capsule sizes up to BC1020
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Robust scaling with consistent capacity

50mM Tris buffer, pH 7.5, 5 mS/cm spiked with HCP to a concentration of 10 ug/mL.
Target loading was 500 pg/cm?2 which simulates a 500 ppm HCP solution loaded to 10 kg/m?2.

HCP Reduction Across Capsule Sizes

100%
95%

90%
85%
80%
75%
70%
65%
60%
55%
50%

C4 BC25 BC170 BC340 BC1020

% HCP Reduction

HCP reduction scales across all capsule sizes.
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HCP removal across wide range of conditions

™ / 2 o
3M™ Polisher ST (10 kg/m?) Q Chemistry (200 g/L)
Contour Plot of % HCP Removal vs pH, mS/cm Contour Plot of % HCP Removal vs pH, mS/cm

% HCP % HCP

Removal Removal
[} < 5 [ < 5
W s5-5 ms-
m -2 m -2
W25 - 35 m 25 - 35

35 - 45 35 - 45
[ 45 - 55 045 - 55
55 - 65 55 - 65
W6 -7 W6 - 75
[ ] > 75 [ ] > 75

\
5.0 7.5 10.0 12.5 15.0 17.5 20.0
mS/cm

0% clearance

~500 ppm HCP in a VIN mAb pool (Tris/Acetate)
>50% HCP removal for 3BM™ Polisher ST between pH 5 and 7.5 and 3-20 mS/cm
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Excellent mAb recovery

3M™ Polisher ST (10 kg/m?)
Acetate/Tris

Contour Plot of % mAb Recovery vs pH, mS/cm

% mAb

Recovery
1 | < 95
' %5 - 9%
| % - 97
'mm 97 - 98
W %- 99
' 99 - 100
| > 100

100 125
mS/cm

~500 ppm HCP in a VIN mADb pool

% mAb Recovery in Monovalent and
Polyvalent Buffers

105

100

80 I I I I
3 20 7

mS/cm
pH 6 7

©
a

O
(@]

% mAb Recovery

00
a

B Acetate Citrate mTris HPhosphate

> 95% recovery at all conditions in monovalent and polyvalent buffers
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Polishing Trains in mAb Production

CEX (B&E) Dilution AEX (F1)
@ -2 5x)
Legacy »
Legacy Tris 7.5 5 no 200 20
Legacy Phosphate 7.5 20 no 200 20
Acetate 5.5 5 yes 500 1000
Citrate 5.5 5 no 500 50
Next gen NextGen Tris 7.0 7 no 500 50
NextGen Acetate 6.0 7 no 500 50
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HCP Removal from 6 Model mAb Streams

CONDITION #1: pH 7.5 & 5 mS/cm
(Tris)
600
T e
'g 400
f 300
Q 200
100
0

Loading (kg/m?)

Legacy

CONDITION #2: pH 7.5 & 20 mS/cm

(Phosphate)

200
—~ 150
€
o
£ 100
o °
O e © © o © o
T =0 o °

0

0 2 4 6 8 10

Loading (kg/m?)
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CONDITION #3: pH 5.5 & 5mS/cm

(Acetate)

1000
800
£
§ 600
S 400 e ® o ® ® 4 o
T °®

200

o
0
0 2 4 6 8

Loading (kg/m?)

CONDITION #4: pH 5.5 & 6 mS/cm
(Citrate)

600

500 .
'g 400 °
f 300 °
Q 200

100

0
0 2 4 6 8

Loading (kg/m?)

10

10

CONDITION #5: pH 7.0 & 7 mS/cm

(Tris)
500 --------------------------------------------------------------------------------
400
€
§ 300
& 200
I
100 e © © o © e o © o
[ ]
0
0 2 4 6 8 10
Loading (kg/m?)
Next gen
CONDITION #6: pH 6.0 & 7 mS/cm
(Acetate)
600
500 ................................................................................
€ 400
o
£ 300
EL>2oo
I
100 e © © ©° o ° o bl ¢
[ ]
0
0 2 4 6 8 10

Loading (kg/m?)
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HCP Removal from 6 Model mAb Streams

HCP Reduction %

HCP Reduction and mAb Recovery after

5mS/cm 20 mS/cm

pH75  pH75

Tris Phosphate

HCP Reduction (%)

10 kg/m? Loading

5mS/cm 5 mS/cm
pH 5.5 pH 5.5

Acetate Citrate

>50% HCP Reduction for conditions other then citrate

>99% mADb recovery was shown
DNA reduction from 20-1000 ppb to Detection Limits (data not shown)
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7 mS/cm 7 mS/cm
pH7 pH G

Tris Acetate

e mAb Recovery (%)

103
102
101
100
99
98
97
96
95

mAb Recovery %

Legacy

Next gen
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Viral Clearance

Standard viral clearance panel for CHO cultures

Enveloped

O

Non-Enveloped

150 - 200 nm
pl 7.6 *

awouan) YN(

e

Xenotr0|c murine leukemia virus XMuLV Retrovirus

Reo-3 Reovirus

Prv Herpesvirus 4 (hlghest)
Minute Virus of Mice MVM Parvovirus 1 (lowest)

*Values from Brown, MR et al; Biotechnol Prog. 2018 Jul;34(4):1019-1026. Note that pl values can be
highlg variable and are more for illustrative purposes. For instance we had previously seen MVM with a pl

80 -120 nm
pl 5.8 *

awouan) YNy
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Robust viral clearance in buffer

PrV

XMuLV

Contour Plot of XMuLV LRV vs pH, Conductivity Contour Plot of Reo-3 LRV vs pH, Conductivity Contour Plot of PrV LRV vs pH, Conductivity
XMuLV Reo-3 Prv
LRV LRV LRV
1 _< ; <1 <1
_ 1-3 1-3
= i _ g W3- 4 m3-4
W5 -6 W4-5 Wa-5
u > 6 Ws5-6 Wms5-6
W >6 [ | 6
5.0 75 10.0 125 15.0 175 20.0 A 5.0 7.5 10.0 12,5 15.0 17.5 20.0 5.0 7.5 10.0 125 15.0 17.5 20.0
Conductivity Conductivity Conductivity

Viral Clearance Studies performed at Texcell

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
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Robust viral clearance in buffer

\V ALY

Viral Clearance Studies performed at Texcell

Contour Plot of MVM LRV vs pH, Conductivity

7.5
MVM LRV

Hm <10
W 10 - 30
30 - 40
40 - 45
W 45 - 50
W50 - 55

B 55

7.0

6.5

pH

6.0

5.5

5.0 I B I
5.0 7.5 10.0 12.5 15.0 17.5 20.0

Conductivity

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
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Robust viral clearance in mAb solutions

Viral Clearance studies were performed with MVM and XMuLV using mAb solutions representing
legacy, 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.

Legacy Tris 7.5
Legacy Phosphate 7.5
Acetate 5.5

Citrate 5.5

NextGen Tris 7.0
NextGen Acetate 6.0

20

N N o O

no
no

yes
no
no

no

200
200
500
500
500
500

20
20

1000

50
50
50

LRV

OLaPMNMDWPLPrUIONO®O

> 4 LRV viral clearance was shown for all mAb feed streams
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Viral Clearance after
10 kg mAb/m? Loading

5mS/cm 20 mS/cm 5mS/cm 5mS/cm 7 mS/cm 7 mS/cm
pH 7.5 pH 7.5 pH 5.5 pH 5.5 pH 7 pH 6
Tris Phosphate Acetate Citrate Tris Acetate
MVM  m XMuLV
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Case study: Simplification of the polishing train

3M™ Zeta Plus™ Depth Filter

90ZB0O5A E

2.2X volume dilution C ial
for conductivity ommercia

single-use
"{’ AEX

HCP (ppm) = 85 1kg/L load
(ppm
_ HCP (ppm) < LOD
0.6 kg/L load HCP (ppm) = 545 5NHANE\F/>\|;-IZ)O 51) 2 DNA (ppb) < LOD
DNA (ppb) = 2.0 m Ab (/L) -8 % HMW = 0.5
% HMW =41 ' mAb (g/L) = 2.9

3M™ Polisher ST
HCP (ppm) = 2400
DNA (ppb) =160

w‘a“" .

% HMW = 14 /
Ab (g/L) = 5.5
r6nO+ l\(lgIJ'U) HCP (ppm) < LOD
3.0 kg/m? load DNA (ppb) < LOD
HCP (ppm) = 130 % HMW = 0.5
: DNA (ppb) < LOD mAb (g/L) = 8.1
N. Singh, et al., mAbs 2017, 9, 350-364 % HMW = 5.5
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3M™ Polisher ST

Summary

O >100x mAb loading of typical Q resin : 10+ kg/m? target loading

 Scalability from lab to manufacturing scale:  79(BC7) - 16 kg (BC16000)

O ngh salt and low pH tolerance: >50% HCP reduction frompH 5-7.5, 3 - 20

mS/cm
4 RObUS.t viral clearance a.c.ross 4 LRV from pH 5.5 - 7.5, 5 - 20 mS/cm in Acetate,
very wide range of conditions: Citrate, Phosphate and Tris Buffers

O Ability to perform in presence of turbidity : ~ Ability to process feed streams of 40 NTU with no
increase in pressure & removing turbidity
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Simplification of the polishing train

. Polishi
Protein A Depth filter czlljrrlgg‘jl
Traditional process: E““’"ia » E’"’j » & » E »
)
. VI.I’US. Membrane Polishing
inactivation column 2
Protein A 3M™ Polisher ST
Simplified process: "T“l » T » flr
! ' .
Virus Polishing
inactivation column 2
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Thank You
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