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Part of a

VIBRANT
SCTIENCE RAND
TECHNOLOGY

company with over 355
years of history.

At Merck, science is at the heart
of everything we do. It drives
the discoveries we make and the
technologies we create.



Three High-tech Businesses Competing in Attractive Markets

As One for Patients

Leading among
SPECIALTY PHRARMA

markets

« Biologics and small-molecule
prescription medicines
against cancer, multiple
sclerosis, infertility

« Research focus: Oncology,
Immunology & Immuno-
Oncology

Healthcare \

\_

Impacting Life and
Helth with Science

A leading
LIFE SCIENCE

business

Tools and services for biotech
research and production

Tools and laboratory supply

industrial testing

for academic research and

Advancing Digital Living

&

A leading business in
HIGH-TECH SOLUTIONS

Semiconductors
Displays
Surfaces

MERRUK



SCIENCE & LAB
SOLUTIONS

Seamless customer experience
& scientific expertise; access to one of the
broadest portfolios in the industry

Customer Focus:

+ Pharma & Biotech Discovery, Contract
Research Organizations (CROs)

+ Diagnostics : ‘ ,
* Industrial & Testing ] ]
» Academic & Government

} PROCESS
: SOLUTIONS

*-ﬁv o

TOGETHER, WE
IMPRCT LIFE
RND HERLTH
WITH
SCIENCE

Best-in-class products focused on pharma
development, manufacturing; product innovation for
BioProcessing, Process & Formulation Materials

Customer Focus:

- Biopharma &
Biotech
Development &
manufacturing

- CDMOs & CMOs

LIFE SCIENCE
SERVICES

- Fully integrated service
organization for development &
manufacture of traditional & novel
modalities, as well as testing
services; focus on end-to-end
solutions, best-in-class services

Customer Focus:
+ Pharma & Biotech Development
+ Pharma & Biotech Manufacturing

T O

HP-API "MRNA MAbs

Viral Vectors ADCs




slologits and
slotech plants
today and in
the future



MCB —® WCB — Seed Train

Downstream

Raw Materials

%% "

Filtration  Bioreactor Primary Secondary Bioburden
Clarification Clarification

Chromatography Viral Bioburden  Chromatography
Reduction Protein A Inactivation Reduction CEX

Final Filtration & Filling

Downstream

L e

11

i
-
e

]

—
4 B O o . S g
i ) 3 ) ) Concentration Final Sterile Final Filling
Bioburden  Chromatography Virus Filtration Ultrafiltration / Bioburden Bulk Storage & Formulation Filtration
Reduction AEX Clearance Diafiltration Reduction and Transport
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Typ
a

cal proces template - A solution for every steps,
| scales

O
A*M**@x@jb_g_%@“

Media : Seed Train Cellicon® Production " " : 2
Filtration Fresh Media Bioreactor Perfusion Solution Bioreactor Primary Clarification ﬁ

Secondary
Clarification

Bioburden
! A ! M Reduction
= = ) Chromatography
Chromatc;(qraphy Bioburden Chromatc;(qraphy Bioburden Viral . Protein A
AE! Reduction CE Reduction Inactivation

Virus
Filtration

.

Ultrafiltration/

Diafiltration Bioburden Bulk Storage Concentration Final Sterile Final
Reduction and Transport & Formulation Filtration Filling
Upstream Downstream Final Fill
Prevent bioreactor contamination Prevent bioburden ingress and Sterile filtration and aseptic
maintain low bioburden processing for patient safety. MERCK




Traditional facility construction approach in todays industry’s needs

 High CAPEX (>$500M)

 Long time before the first product run; 3-4 years

* Product dedicated

« Inflexible — no scalability

« Building size is based on pre-release product sales forecast
* Extensive qualification process

Fixed stainless Ranging in size from

Modular plant-

steel bioreactors 40 - 20,000 liters fl eXi b I e ?
Sits on Cost "
o112 Planned and built nd
750K | 80acres | $1 billion () e
across to build over
3 buildings 4 years ®
............................. S Expensive
Complex network of piping :
Cost and footprin S to clean and sterilize between batches Time-conrsuming fo reconfigurs
T
geographic expansion difficult
Courtesy: Amgen

‘ Merck Facility Conceptual Design, service and expertise Courtesy: Pharmadule MERCK



Full dedicated Biotech plant Ballroom concept: “A large manufacturing area that has no fixed

equipment and minimal segregation due to the use of functionally closed

systems.”
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Dance floor concept: “"Mix of static
elements like buffer tanks/Bags with
flexible, SU based manufacturing
technologies. Movement of liquids is
done with small volumes only”

Figure 1: A dance floor facility design showing static buffer tanks and minimized tubing lengths. Parenteral Formulation P lant

ource: ISPE; Pharmaceutical Engineering July August 2014. D. Wolton/A. Rayner; ISPE Online Nov 2019/2020 D. Wolton/ T. Rohrel
MERRUK




Begin Your Digital Transformation

- —
Predictive Plant DD
Process modeling & monitoring ,___ L

Advanced production technologies
Predictive analytics

Digital Siloes

Islands of automation
Recipes on systems
Offline analytics

L 1]
N

o |
(10 10 1  omessml [ ]

== Pr-c-digital Plant
- Paper-based
Manual processes

Isolated unit operations

16 ' Title of Presentation | DD.MM.YYYY

I = - -

==

Adaptive Plant
“Plant of the future”
Autonomous
Self-optimizing
Plug-and-play

wll | N BN
. ...
..

Connected Plant
Automated production layers
agdustry standards

Se atomated analytics

TODAY most common

*source: BioPhorum’s Digital Plant Maturity Model (DPMM)

MERRUK



less
footprint

Paradigm Shift:

e The Factory of the Future will require a
capital . - - -
transformation in how biologics are

reduction in developed and manufactured
construction timeg

reduction
OPEX

Reduction in

cost of quality




How Do We Address The Need for Paradigm Shift?

Convergence of Evolving Process, Analytics & Digital Technologies

Process Predictive Electronic

Real-time Simulation Analytics Batch Record

END-STATE

Orchestration Process Data
Process Analytics Analytics

MID-TERM

Harmonized
Unit Operation
Control

pigital

PPOCRSS process Ahalytical rechnologies

Technologies Technologies
Biotalk Berlin 2022 MERCK
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ARE Day 2023 - Martillac Presentation

Millipore.

CTDMO Services

Total Surface:
2700m?=

Investment : 30me€
Mamalian Plateform

Scale:
200L/2KL /2x2kL

Capacity:
45batches /year

150 additional
employees




27

Reduced footprint of
classified rooms

Class C (450m?)

@ Class D (660m?)

. Controlled Not
Classified (1350m?2)

Support
(250m?2)
Solutions
Preparation +
W&S

ARE Day 2023 - Martill ac Presentation

Millipore.

CTDMO Services

Suite A

400m?=
200L/2kL

Suite B

400m=
2x2kL

i -
Eh

MERRCK



USP Martillac
2018




DSP Martillac 2018

DSP
MERRUK




MuUltl Mmodallty
playground

E Btbbech PROCRSSRS



Monoclonal Antibody template Microbial Process template

ODC& — —
mim = L=

Cell line Cell culture Prefiltration Bioburden reduction Bioreactor Primary clarification Secondary . . i ) . . . .
development supplements, media clarification Fermentation Cell harvest Cell disruption Inclusion bodies Inclusien bodies Depth filtration

prep, mixing and harvest solubilization
upstream ingredients

Diafiltration

bz — = =

/-
— 8 = I
pH adjustment —

Bioburden reduction Catien-exchange Virus inactivation Protein & affinity  Bioburden reduction
chromatography chromatography — ——
I/ -
o © o
Intermediate First chromatography _Prefiltration and Depth filtration Protein refolding
chromatography bioburden reduction

Diafiltration

g e 000

[sIelelele)

—_—
'3 I
Anion-exchange Viral clearance Ultrafiltration/ Final formulation Sterile filtration Final fill q. .
chromatography Duafiltration —_— —_— %@%ﬁ —_— —_— 0000

Polishing Ultrafiltration/ Final formulation Sterile filtration Final fill
chromatography Diafiltration

PDNA and mRNA template

B

AAV Process Flow

=

Fermentation Cell Harvest Cell Lysis Clarification  Chromatography UF / DF Final Sterile
- i i W
(1-2 steps) Filtration Sy "
Media and Inoculum Cell Growth in Clarification Nuclease Ultrafiltration/ Virus Ultrafiltration/ Final Filtration
Preparation Bioreactor Virus Treatment Diafiltration Purification Diafiltration
Inoculation

pONA Chrom, UF/OF in virro Chrom, UF/OF Enzymatic Chromatography UF/OF Encapsulation Final Sterile

12_m695nzannn Transcription capping & Formulabon Filtrabon ' ‘ERCK



The Merck Purification Systems portfolio is agnostic to the
modality

UPSTRERM

%ell Culture
Preparation

« mAbs
« VGT

Media

=] (o] [s]
Cell culture

* Microbial supplements, media

prep, mixing and

KVaCCines upstream ingredients /

h

27

mAbs (CHO)

Vaccines (MDCK)

Bacterial Cell =
Fermentation Sosd

- Microbial (E.colid 11
. pDNA (E,CO//) Fermentatior

N /

Some VGT (HEK 293)

Bioreactor

-

E.coli

o o o

Cell disruption Some AAV

~

%Ia rification
- mAbs

- Microbial

« \accines
« Plasma

J

t& VGT

Depth filtration

)

J

MERRUK



The Merck Purification Systems portfolio is agnostic to the

modality
DOWNSTRERMN
/Nucleic Acid Digestion A /Affinity ; N
VGT Chromatography |"-‘||
|
Vaccines * mAbs /" >
Nou-:IE?n: an:?d ® VGT Chromatography
K digestion % K J/
4
( Formulation and Filling ) / TEF
- mAbs AL - mAbs
« Microbial ‘%3-%'3 %Ic::_jl - Microbial
° VaCC|neS Final formulation Sterile filtration _ ° VaCC|neS
* Plasma  Plasma
 VGT ** - VGT
Final fill

& ADC
28

/

mADbs
Microbial
Vaccines
Plasma
VGT

= |

=l
i A

Chromatography

ADC

Ultrafiltration/
Cnafiltration

/

MERRUK




Optimizing Biopharmaceutical Downstream Processing
Moving from batch chromatography to continuous

Tr admon al
approach

& £ L s
H-}q];[g-}%# = -» -»F = 15 ->§-> The first

s R e step towards

Bioreactor E Centrifuge F|Itrat|on Protein A E CEX b/e AEX f/t E VE UF/DF
. : ; a continuous
Primar : : ] o :
Separati‘c,m : Capture : Intermediate / Polishing VF UF/DF dDNnSbl‘eaM

purificaktion
i @ trailn

NeWw Proc.‘ess

’ e
el EEITE sl Mo

o O
Bioreactor + Filtration : : Contlnuous Carbon & AEX CEX & VF UF/DF
pre-treatment - f/t f/t
Continuous
capture
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Complete Single-use Process up to 2000 L Scale
Harmonized fluid handling

Purification Filtration

Harvest



Mab Process template -2000L Single Use version
Inoculam / Fermgntation \ / Clarification \

T —

= 4
—— e — J

| “P—
Mobius ® Bioreactor
200L

®
Mobius © Power Mix1000 obius
obius W

Power Mix200 .

Mobius ©

Bin200

Bin1000

Mobius © Mobius ©
Power Mix200 __Power Mix500

Mobius ©

Final Fill

Bin200

Mobius ®
Power Mix100

Mobius ®
Power Mix100

Bin1000*2

Mobius © Bin200

Power Mix1000

-

\_

Affinity \

Chromatography

T

Mobius ®

Bin500*5
Power Mix 3000

Power Mix10

Smirt XM04

Mobius ®

. *
Bin200%2 Power Mix500

Mobius ® Bin1000 Bin1000*3

Power Mix1000

Mobius ®  Bin200  Bin500*3

Power MixlooMERCK


../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
../Mobius/Mobius Videos/Mobius handling systems -SS Bins/Mobius2000 Time Laps_MP4 480p (16x9).mp4
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Mobius® single-use Bioreactors:
Scalable from 3L to 2000 L

e Easy bag installation: only 2 operators and <2h for large SUBs

e Optimal mixing capabilities with bottom-mounted impeller and baffle :
high k , with less shear

e 5:1 turn-down ratio : allows maximum flexibility in working volumes

e Demonstrated scalability from 3L up to 2,000L scale




Mobius® Single-Use Bioreactor Platform
Mobius® 50L Bioreactor

Oversized Vent filter heater 6 x MFCs
(up to 80 LPM at 17 mbar) HMI with CCP software:
\ : 15" Siemens Touch Screen
Primary & back-up vent connections e
on bag assembly for added security

PC : B&R APC910
PLC : Allen-Bradley
I/0s : Murr Elektronik

Gateway
fi‘l (field bus exchange)

Bioreactor Tank

eFully jacketed tank (incl. base)
eDoor
eViewing window

UPS

\ 4 pumps:

Bottom Mount Agitation Watson Marlow

(several options)

el evitating impeller
¢5:1 Turn down

Monitoring & Sampling Loop

Positioned for easy access MNMERC K
Flexibility in number of probes, without customization




Mobius® Single-Use Bioreactor Platform
CCP® Software: designed for intuitive navigation

ioreactor ADMIN

Procedure Editor Reports

Vent Heater 1
Procedure Actual / Setpoint

Pump1 30 /200 rpm @ _______
Operation Output 47 %

0:00:05

Vent Heater 2

Actual / Setpoint

..... m 0 /o sipm YAO3 | YA25 [YA28 (YA29
@ Output 0.00%

recipe-TC-1335-criteria-gasflow.opn

Pump 2 N YA30 YA31 YA40
0 ump \\\
if: * Step 1 of 13 0:00:05 \ N
0:00:05 Pump3 8 /8 rmpm (e \Vie) D
Output 3 % Dissolved Oxygen1 pH1
1 Criteria 0,
Step O Step Time>=10 sec pumna AL Ul e 20-0 /ODO 6.00 pH
dle P | 20.0 %00 | 6.00 pH
0:00:00 -
Agitation o /65 ipm QA m g t/ Ot ‘S)LESN;{, DZ’(S)S([))V:/d ;’g)ge" 2 DGH(;O =
Pending Step Pump 5 utpu g . () . P
B1FL1 Gas Flow #1 SetPoint i e ) 126.0%00 | 6.:00 pH
value Temperature 189 /37.0 °C
2 & = calcul 1 Sensor 1
22 Pump6 50 /50 e (D TC Unit 189 *°C 24 0 50 %
Mext Step Output 50 % i .
B1FL1 Gas Flow #1 Start Weight 0 Keg 0%
Value SLPM caleul 2 Sensor 2
1 0.00% o,
e 37.0 50 %
|0%
PUMPS AGITATOR & TANK GAS FLOW SENSORS & CONTROL
pH1 MANUAL OFF CALIBRATE
Alarm Setpoints pH1 pH 2 PID TUNING
4.00 / 6.00 / 8.00 /10.00
PUMP & GAS TOTALS A / /8.00/ 187 12.30 LOOP SETUP
rimary Probe
4 User total - DISSOLVED OXYGEN PH CALCUL1 CALCUL2 SENSOR 1 SENSOR 2 X
D @ & No Error wW & q);" == ™

Trends Alarms Setup Config Open

MERRUK




MEPRCK'S systems
portfollo -
A solution for every
step

usp
perfusion
cellretention



BloContlnuum Platform [

New Mobius® iFlex Bioreactors
Flexibility to operate in fed-batch or perfusion mode H

> Can be used for fed-batch or perfusion (perfusion Fed-Batch Perfusion Tower
tower can be purchased later) Tower (optional)

» Perfusion tower uses Cellicon® Filter Assembly, Y Control Station
controlled by the bioreactor software - one only HMI ool || - p— ~
nghllghts

Use of Ultimus® film for the bag to reduce leakage
 pH, DO, VCD and pCO; probes directly inserted into

vessel (choice for MU or SU probes for pH, DO and VCD)
* Bag ready to connect to MAST and ProCellics

« New impeller and sparger design to support higher cell
densities and longer cell culture duration

* 3 spargers in one bioreactor bag :
v' sparger 1 = open pipe
v sparger 2 = drilled-hole
v sparger 3 = high performance

¢ Improved Mixing time <40 secs

+ High Power per volume (P/V) :up to 100 W/m3 Bit\::lreactlor
esse

Launching soon!

R enc




Integrated Perfusion Systems Program

Modular

CRD/CRS

Cell Y
Retentio

System i

Integrated Perfusion
Bioreactor

MERRUK



Perfusion adoption starts in process development
Enabling perfusion PD is critical to realizing Merck’s BRX GMP perfusion ambition

cell Line & sarly
ProCess

pevelopment

(

3L Mobius with
Cellicon CRS & CRD

Fa

CHO cell lines incl.
CHOZN® GS

\_

3L

sy

=

)

EX-CELL® & Cellvento®

Perfusion media ‘

erbi sreez supports scalable culture performance & cpps £Eo L-scale BRX and tRs

Classification: INTERNAL

aMPpP perfusion portfolio Launches 2022+

(

-

IPB
200 L

IPB

50L

process scalability: critical process parameters uill match across platforms
Engineening scalability: linear systemm design ensures successful scale-up

early process pevelopaent ¢
ecosystem offering l\

- -
L Bl

EX-CELL® & Cellvento®
Perfusion media

3L Controller (Concept MAST Auto-sampling Procellics Raman
Stage)

1V T wmiNwira




iIFlex systems overview

i 2000L
Batch-Fed Batch and perfusion runs

MERRUK




Performance Specifications

Attribute Targeted Specification

Cell Density 100-200 €6 cells/mL

Operating duration 30 days continuous (nice to have : 40 days)
Impeller Bottom mounted impeller (15°)

Mixing Mixing Power per volume (P/V): 15 to 100 W/ m3
Mixing Impeller tip speed < 2,5 m/s

Mixing Mixing time <40 secs

3 spargers in one bioreactor bag :
- sparger 1 = open pipe (1.5mm)

Spargers - sparger 2
- sparger 3
Gas exit velocity 30 m/s at slpm for max kLa (spargers design criteria)
Oxygenation kLa: = 40 h-1 in all sizes at a defined P/V and vvm, ideally = 50 h-1
Perfusion range 0.25 to 3 VVD
Perfusion device Bioreactor can be used with CRD or ATF perfusion devices

Optional Perfusion Tower incl. Cell Retention System & Device, fully
integrated (HW, FLW and SW)

-Perfusion Tower Perfusion Tower can support CRD assemblies for N-1 and N applications

Perfusion Tower




Perfusion Tower

Perfusion Tower

* Can be purchased after initial PO, configurable

* 2 optional additional pumps (e.g., cells bleed)

* SU flow sensor on perfusion medial in line

* Cell Retention components: centrifugal feed
pump, feed flow sensor, CRD, 3x pressure
sensors, peristaltic permeate pump and SU
permeate flow sensor

Perfusion media in pump
and SU flow sensor

Perfusion permeate pump
and SU flow sensor

CRD retentate pressure
sensor (retentate line back to
bioreactor bag)

Small addition (option)

Cells bleed (option)

CRD permeate pressure
sensor

Cell Retention Device (CRD)

CRD feed flow and pressure
Sensors

CRD feed pump
(feed line from bioreactor bag)

MERRUK



Mobius Breez System

Hardware and Consumables

* Basestation Hub
that can hold up to

4 PODs
* CO2 Sensor Box
* PODs -
environment )
control for * Fully integrated —
bioreactor * bottle rack/
bioreactor
* Sterile

Functionally closed  Microbioreactor Cassette

Complete System

— R enc
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introducing the
cellicon® cell
Retention solution:




Cellicon® Cell Retention Solution

Cellicon® Filter Assembly Target Applications
« Single-use, closed, gamma-irradiated assembly « Upstream process intensification
- Flat-sheet tangential flow design « Monoclonal antibodies and r-proteins

«  Durapore® 5 ym membrane

Cellicon® Controller (lab scale)/Mobius® Cell
Retention System (process scale)

« Allows for real-time process data

« Recirculation flow control, perfusate control (process scale)
« Intuitive software

«  Remote connection capability

Bio4C ACE™ Software

« Complete control of process-scale Cellicon® Cell Retention
Solution through interactive P&ID

Lab Scale

« Recipe driven automation eliminates manual tasks Process Scale

« Remote monitoring of process through browser-based
interface

— enc




Scalable Offering for Perfusion up to 2000 L

A complete solution
available across the
single-use bioreactor
size range for perfusion
applications

Membrane Area (m?2)

Levitronix® PureLev® SU Pump

Connection Feed & Retentate Lines
Connection Perfusate Line
Recommended Crossflow Rate (L/min)
Recommended Max Flux (LMH)

Filter Hold-Up Volume (L)

Scale

0.01
i30
SW
SW

0.08

20
0.014
PD/lab

i100-SU

SW/AQ
SW
1.57
20
0.24

i600SU

SW/AQ
SW
5.7
20
0.73

i600-SU

SW/AQ
SW
14
20
1.7

Production

2000Ssu

SW/AQ
SW
28
20
3.5

2x 2000SU

SW/AQ
SW
2x28
20
7

SW: sterile welding

AQ: AseptiQuik® sterile
connector

MERRUK



Cellicon® Filter Assembly Family

Cellicon® Filter Assembly Contains:

* Flat sheet tangential flow filter designed for
robust performance, easily scales across
different process volumes

— Lab scale: 1-3 L

— Process scale: 50, 200, 500, 1000, and 2000 L
(2 x 1000 L filters)

e Single-use components including:
— Low shear levitating centrifugal feed pump

— Pressure sensors for precise monitoring of
filter performance

— A perfusate flow sensor on process-scale
assemblies for CSPR control

» Sterile connection methods to bioreactor:
— Sterile weld (all sizes)

— AseptiQuik® G connectors on feed and
retentate (process-scale only)

\\\

Lab Scale

5

MERRUK



Mobius® Cell Retention Systems
Process Scale

- System designed to operate the process-scale cell

retention device, containing:

- a Levitronix® centrifugal feed pump drive

- a non-invasive multi-use clamp-on ultrasonic feed
flow meter

- a peristaltic pump for perfusate

- a connector for single-use ultrasonic flow sensor for
perfusate

- connectors for single-use pressure sensors in feed,
retentate, and perfusate lines

- Bio4C ACE™ control software provides monitoring of all
process parameters and automated control

« Bio4C ACE™ software supports the industry
standard EtherNet/IP connection which allows
data exchange with other software and systems

Process Monitor and Control

MERRUK



Mobius® Cell Retention Systems
Components

Bio4C ACE™ software

Connector for single-use ultrasonic
touchscreen HMI

perfusate flow sensor

Emergency stop

Support for single-use ultrasonic

perfusate flow sensor
Connector for feed

clamp-on flowmeter

Peristaltic pump for perfusate

Connectors for single-use
PendoTECH® pressure sensors
in feed and retentate lines

Connector for single-use PendoTECH®
pressure sensor in perfusate line

Non-invasive multi-use
ultrasonic feed flow meter

Filter holder (for 50 and 200 L
systems only)

Levitronix® centrifugal
feed pump drive

MERRUK



Cellicon® Cell Retention Solution
Features

Intuitive Bio4C ACE™ software

Monitor and control all process
parameters in the touchscreen HMI or
from anywhere through a browser-
based application. Visualize trends,
manage recipes and reports, and set
control loops and alarms.

Constant channel height
and path length

The Cellicon® filters maintain feed ,
channel height and path length - an —
advantage of the flat sheet design over
many of the hollow fibers currently Single-use assembly, ready to use

available in the market o Gamma-irradiated assembly, with C-
g Flex® tubing and AseptiQuik®
connectors. Filter does not require
flushing (dry).

5 pm hydrophilic
Durapore® membrane .

Improved membrane efficiency

£ Integrated instruments and
X minimum facility requirements

The system simply requires a power
I -‘ \ supply (no pressurized air/vacuum
F =y ) \ pumps are needed), and it integrates
| » pressure and flow sensors to fully control
'»\) and automate a perfusion process

Low shear levitating pump

Lower risk of cell damage from

shear stress

MERRUK
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Clarification systems overview

Above
33 m?2

11 m2
5.5 m?2
540 cm?
23 cm?2 l(gl ‘H
»

>
Laboratory/ Clinical trial Clinical trial Clinical trial

Commercialization
Preparative Phase I Phase 11 Phase III
R MRk

POD Process Scale holders
POD Pilot Scale holder r r




BioContinuum™ Platform [
Intensify and Evolve, Together,

Chromatography Systems overview (e

NEW!
MCC for intensified and

continuous manufacturing
16 mL/min to 2L/min /

Mobius XMO3
1,6 to 10 L/min

Y

JH &"
Mobius XMQO1/2 b
0,1to 2,2 L/min CoPrime B

.‘

CoPrime C
0,3 to 20 L/min 0,8 to 40 L/min >
Clinical trial Clinical trial Clinical trial Manufacturing
Phase I Phase II Phase III

MERRUK




Single-use chromatography systems
Mobius® FlexReady XMO family

NEW!
XMO1/2 XMO3 Chrom20 MCC for intensified and

continuous manufacturing

0,1-2,2L/min 1,6 - 10L/min 4-20L/min 16 mL/min to 2000mL/min
6 - 132 L/h 96 - 600 L/h 240 - 1200L/h 1 to 120L/h

57 MERRUK



Single-use chromatography systems
Mobius® FlexReady Solutions Chromatography

Common control Platform® (CCP ®)
automation software:

-control of all pumps and valves

-recipe editing, storing and sharing

-compliant with GAMP 5
recomendations for automation
software and FDA 21 CFR Part 11

~ requirements for electronic records and
signatures.

* Dual 4-diaphragm Quattroflow 1200SU pumps

e Individual & accurate pump control by
2x high-precision SU flowmeters

* SU flowpath offering all functionalities: upflow,
downflow, bypass,...

e 2x 5 inlets, 3 outlets + drain

* Instrumentation with same specification
as used on MU skids:
Pre & Post pressure, conductivity, pH, and post UV
280+300 nm.

= XMO3 delivers 3% accuracy during linear & step
gradient, within 10-90% range

=» Your purification steps are reproducible, reliable,
robust and productive !
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Single-use chromatography systems o ‘_
Mobius® Multi Column Capture System (MCC) A

* Fully automated for continuous bind/elute in intensified and
continuous processing (flowpaths evaluated for continuous
processing for up to 20 days prior to exchange)

Working with 3 columns in parallel

Flow rate: 1 to 120 L/h (16 mL/min to 2000 mL/min)

Using our CCP® software

Flexware available in open or closed processing

In-line buffer dilution (up to 6 buffers)

Millipore:

ey benefits

« Reduced cost & prot A resin optimization (+ buffer consumption)
« Improved throughput & productivity
« High flexibility for intensification and continuous processes

R enc



Multi-Column Continuous (MCC) capture
Optimizes resin utilization and enhances productivity

4 : N
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H % @ Continuous loading
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o

High flexibility for intensification and
continuous processes.

- 2 flexware offering (closed enabled)
- Broad range of flows pilot to production
- Inline buffer dilution capabilities

Prot A resin optimization and reduced
costs

- Increased resin utilization
- Reduced buffer consumption
- Serial and parallel loading options

Improved throughput & productivity

- 200-2000 L (5g/L, 20h) or 3000 L (3g/L,
perfusion)

- Intuitive software and self-adjustment to
loading variations
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Introducing the Mobius® Multi Column Capture System

r

Intuitive software

Predefined steps to ease recipe
creation

Adaptation to feed variability

~N

\
( Inline dilution

Buffer concentrates line, WFI
line

Ready to use buffer lines

kProduct line

J
~N

J

-

Enables closed
processing

Specific flowpath for closed
operations

\_

~N

-
Scale-up / down

1-120 L/h on the same system

J

L J
. N\
Service
Elligible to Service Reliance
Plans )

System shown without flexware installed

(
SU Instrumentation

All sensors / probes can be SU
(including pH probe, option
MU)

~N

\_
(
2 Processing modes

Series loading (main)

Parallel / batch (secondary)

J
\

\_
(
Guided installation

Using color coding and ‘signs’
to ease flexware installation

\_

J
~N

Multi or single-use
expandable
accomodation

Using prepacked TRU columns or
media in MU columns

\_

VAN

J

MERC
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Columns, media and concentrates for process intensification

(Opus pre-packed column \
Ideal for closed processing!

MCC can accomodate columns from 5 to 25 cm
Or: based on specific process parameters

) REPLIGEN

J

/Media and MU columns

For non-closed processing mode
Eshmuno® A resin

Packed in QuikScale® Chromatnaranhy columns

J
-
- L
Ll

= @ / - o ’\\
5 ; % | o )

Buffer Concentrates
More for less volume and footprint

\

Reducing operational footprint especially for long-duration, large volume processing
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3D presentation available for virtual ‘demo’

== Home Features:

The Mobius® Multi Column Capture System is
using 3 columns with series loading for continuous
chromatography.

Its intuitive software allow to robustly work on Ove rV I eW Of th e SySte m
: perfusion with in-process, real-time adaptability to W Ith h Ig h I Igth S

perfonmances. This adaptabity, cormined 0t
Software highlights
Operation modes

series loading, fully optimizes the use of the resin.

Animations

— Flexware installation

Viewpoints _— — Bubble trap installation

Front

— Column

Left

Right
L3

Software

Available for
Interphex only

Soon Salestool!



file:///C:/Users/M175403/Desktop/Actemium MCC/Video on animation

Viewpoints

-

Resources

O

Install
Uninstall

Components

The Mobius® Multi Column Capture System is
using 3 columns with series loading for continuous
chromatography.

Its intuitive software allow to robustly work on
perfusion with in-process, real-time adaptability to
concentration variations in the feed and to columns
performances. This adaptability, combined to the
series loading, fully optimizes the use of the resin.
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Chromatography Columns

Manufacturing
.

| I . .r-- e

] A

Clinical trial
Phase II1I

Clinical trial
Phase I1

Axcess
(Hydraulic actuated)

I I I % - IsoPak
Clinical tria _. .
Phase I iR 4
t E QuikScale
Laboratory/ Vantage
Preparative S/A
Vantage L

50 200 400 600 800 1000 1400 +
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Chromatography columns - QuikScale

Large choice of sizes

X

Diameter
70 mm

100 mm
140 mm
200 mm
250 mm
300 mm
350 mm
450 mm
630 mm

Length:
550 mm

800 mm
1100 mm

Different frit pore size

10, 20, 30 um

High Pressure rating

Up to 7bar

Flange on pivot
Easy access to media
for packing / unpacking

and cleaning

~ P 4
] B N Column tube
1 by l
B ' ‘ | - Acrylic
% - Glass
—— | .
’ / - Stainless Steel
/(\/ Documentation
; "

- User guide
- cGMP documentation
- Material certificates.

7
!
L

Removable end cell
= or Fixed end cell
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Virus Filtration systems overview

Above 1000LA
Mobius VF3
1000 L 12 to 2400 L/h
500 L
Mobius VF2
200L 2,4 to 130 L/h
i T
. = ~FITRITTETTS
. = Crrr o ner)
100 L P S T T
00 ‘ \ . e~ e
>
Laboratory/ Clinical Clinical Clinical Commercialization
Preparative trial trial trial MERCK

Phase 1 Phase II Phase III




Single-use virus filtration
Mobius ® FlexReady VF3

Large-scale Single-Use Virus Filtration system
* For volumes of 200 L to 2000+ L

« Magnus Viresolve® Pro holder can handle
0,51 m2 to 3,06 m?2 of filter and pre-filter

Configurable to match your process

« Three pump configurations :
300 L/h = 1200 L/h = 2400 L/h (at 30 psi)
Single-use Quattroflow pumps
« Optional prefilter holders :
- Viresolve® Pro Shield (Magnus holder)
- Viresolve® VPF (POD holder cart)

HMI with data monitoring

» Constant Feed or Pressure regulation to optimize duration
Options

« 21CFR Part 11 recorder (with Modbus TCP/IP & Ethernet IP)
« Ultrasonic flowmeter (e.g. for IT testing, cumulative volume)

« Conductivity, pH
« Sterilizing filter on product recovery

Possibility to customize for full automation
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TFF systems overview

Above 10 m?2

10 m2

300 cm?2

50 cm?

Cogent Lab Systems
20-6000 mL/min*
50 cm?to 1,14m?2*

4 - 40 L/min
2
TE2S 2to10m
2 - 20 L/min
0,5 to 5m?2

-~y
-

8-80 L/ min
4 to 20 m?2

.

Cogent Process Scale

SizeA: 1-7,5m2
SizeB: 5-20m?2
SizeC: 10 -40m?2

Large custom Multi-Use

—>

Process Development

* 3 5ystem sizes available : Lab 150, Lab 800, Lab 6000

Phase I

Clinical trial Clinical trial

Phase 11

Clinical trial Commercialization
Phase III1
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A new SU TFF system designed for large scale
Mobius® TFF 80 system

Designed for large scale

- 200 - 500 L tank
- 8 to 80 L/min with matching tubes
- Holder/stand for up to 20 m2

Multiple processing modes

- From traditional to closed operation mode
- Fully SU

Designed for high yield

- Integrated tank made for TFF
- Optimized minimum working volume
- High drainability

72

Pellicon Capsules
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AN
™

-
\

TFF Holders

i\'
N
\

S

)

a \i
Above 10 m2 :'!
10 m?2
Pellicon Process Scale
2 sides & Multi level
5 m?2 o
2
im Pellicon Process Scale
2 sides - Hydraulic compression
300 cm?
Pellicon LabScale Acrylic Pellicon LabScale SST
XX42P0060 / XX42PRV60 XX42P0080 / XX42PK080 . :
) Pellicon Process Scale
50 cm = XXP42MINI 1 side - Bolted
XXP42MICRO
—p
Laboratory/ Clinical trial Clinical trial Clinical trial Commercialization
Preparative/ Phase I Phase II Phase III
Screening
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TFF single-use system
Mobius ® Family

New

MODLIUS® TFF BO

Hardware closed processing-
enabled with holder for 9 and
18 m2 Pellicon® capsule

TF3S

No closed
processing offering

TF2S

All Flexware® kits available for
- traditional, functionally and
¢ fully closed processing modes.

Closed/Open processing

Closed

B ——

- o
— e
“»
. .
\ . et
3 | o Yy .
. ™ . . . 1)
L . 2 o . o -
P . b . . o -
. .3 . . : .
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. - o -
. .
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TFF single-use system
Mobius ® Family

The right feed tank with:

e 50, 100L, 200L or 500L with or w/out double
jacket*

* Levitating, bearingless impeller
* Vortex breaker
* Retentate diverter plate

Mobis

Feed pump :

e Quattroflow diaphragm pumps for smooth
feed recirculation and diafiltration/transfer

Accurate process control:

* Temperature & pressure sensors

* Flow calculation and control

* Conductivity and UV monitoring options

*depending on the system size

75

Common control Platform® (CCP ®)
automation software:

-control of all pumps and valves
-recipe editing, storing and sharing

-compliant with GAMP 5
recomendations for automation
software and FDA 21 CFR Part 11
requirements for electronic records and
signatures.
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Mixing solutions
Mobius® MIX and Mobius® Power MIX

; )

MODLLUS® MIX for gentle mixing
 Low shear mixing due to levitating impeller.
« Perfect for mixing of protein/drug substance
solutions.
« Can be used anywhere in the drug
manufacturing process

Mobius® POWRP MIX for mixing difficult-
to-mix powders

Vortex can quickly pull floating powders off the
fluid surface.

Turbulent mixing quickly creates a
homogeneous solution even at high viscosities.

Mix with SS carrier or jacket : 10, 50, 100, 200, 500, 1000L, 2000L

Mixers with PE carrier : 10, 50, 100, 200, 500 L

76

MERRUK



Single-use mixing systems for product mixing, formulation & viral inactivation
Mobius® MIX Technology

Disposable mixing bag (10, 50, 100, 200, 500, 1000L) M
* Available in PureFlex and PureFlex Plus film
* Bottom mounted levitating, magnetically driven impeller M H M .
— No shafts, seals or bearings : " — Al
— Minimal particle generation t mmim ﬁﬂ | im‘
Electronic drive unit & motor -\ anmx 4—-:[
¢ “Instant on” electronics " J ~d w
- Portable & removable \ ViR

« Common electronics for 10/50L, 100/200L, 500/1000L ("l v

Multiple carrier options
e Plastic (10, 50, 100, 200, 500L)

e Stainless steel (10, 50, 100, 200, 500, 1000L), with load cell, jacket and temperature
sensor options

Well suited for downstream mixing - virus inactivation, intermediate pool
holds, pool adjustments and formulation

MERRUK



Magnetically-Levitating Impeller

= Motor/Impellor Position

Off Center
Plastic impeller = Allows for both axial and
radial mixing
Magnet ring
(rotor)
Bottom of the
impeller Impeller
(including rotor]
Impeller cup
welded to the bag Eup

Motar |
(including stator)
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Single-use mixing systems for buffer and media preparation .
Mobius® Power MIX Technology

Electronics — shared among sizes
* Two motors (100/200/500L and 1000/2000L)

e Two control boxes (100/200/500L and
1000/2000L/2500L/3000L)

Impellers — shared among sizes

e Size 1 (100/200L)

* Size 2 (500L)

» Size 3 (1000/2000L/2500L/3000L)

Power MIX motors, control boxes, and flexware are independent of
Mobius® MIX and cannot be used interchangeably

Y enc




Cross-section of Impeller and Magnetic Coupling

Impeller part 1

Impeller N N7 7 72l D
Magnet T | < — Bag Cup

Impeller part 2

Protection sleeve Rotating Magnet

Magnetic coupling does not utilize a bearing surface
* At low speeds, there is some contact between cup and impeller
* At higher speeds, the impeller will levitate

R enc




PMIX / POWER MIX

In addition to our standard solutions, we offer highly
customizable options tailored to specific client needs:

. Mechanical Adaptability : to fit unique operational
requirements, providing increased flexibility and
optimization / hygienic designs

. Automation Architectures : tailored automation
solutions designed to integrate seamlessly with existing
infrastructure.

. Flexibility : wide range of options to accommodate
specific client preferences and technical specifications.

. New Technologies
Our systems support the latest advancements in
technology (Raman, MAST, etc.)

Probe
insertion

|

= RAMAN

o -

e Lo Ll o =

( MAST

| = /
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Project
execution



Speed up your project execution
Leverage our pre-engineered solutions

Cogent Process Scale  TF2S, TF3S, TFF80

Chromatography Coprime size A, B& C XMO1/2, XM03, Chrom 20, MCC
Buffer & Media prep Mix, PowerMix
Storage Drums, Bins

pre-defined and ready to use URS with pre-set configurations

ready to use validation/qualification package for proven performances
ready to use maintenance package

v" reduce your workload
v' speed up your project execution
v’ ensure proven product performances

MERRUK




Thank you!
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