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plant of the Future
on-
what do uwe have



current state
of industry

Siloed work on digital solutions to
answer individual business questions

without scaling & unlocking the
full potential of our data assets

PATIENT
ADVOCATES
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MERRCK
Begin Your Digital Transformation

Predictive Plant
Process modeling & monitoring ,___ L
Advanced production technologies AL [T
Predictive analytics

Adaptive Plant
e “Plant of the future”

Autonomous
- _ ML 1L Self-optimizing

Digital Siloes [ Plug-and-play
Islands of automation " el — ——
Recipes on systems [N I N -
Offline analytics .rl-l --::=

— Connected Plant

o ) | o Automated production layers

o | agustry standards

| T TN - Se atomated analytics

=== Pre-digital Plant TODAY most common

Paper-based
Manual processes
Isolated unit operations *source: BioPhorum'’s Digital Plant Maturity Model (DPMM)

4 Biotalk Berlin 2022 Mi"iporen




less
footprint

Less
capital

reduction in

construction timeg

reduction
OPEX

Reduction in
cost of quality

Intensified

Connected

Paradigm Shift:

The Factory of the Future will require a
transformation in how biologics are
developed and manufactured

] §teri|e

Single Use Closed
Inline Real Time
Controlled ;ntegrated
3 ;&‘B.\

<2

i

Predictive

Autonomous

RCK
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How Do We Address The Need for Paradigm Shift? MERRCUK

. l -t Process Predictive Electronic
Continuous | Real-time Simulation Analytics Batch Record

END-STATE

Orchestration Process Data
Process Analytics Analytics

MID-TERM

Harmonized
Unit Operation
Control

pigital

PPOCRSS Process Analytical rechnoloaies

Technologies Technologies
Biotalk Berlin 2022 Mi"iporen



Full dedicated Biotech plant

MUERRCK

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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Figure 1. 3D model of a ballroom type facility.

P 1[04
Dance floor concept: “"Mix of static —]L =
elements like buffer tanks/Bags with I
flexible, SU based manufacturing
technologies. Movement of liquids is 7
done with small volumes only” -
. =
-
1 Tgp
! L%
i 401 o8
LI =B85
Figure 1: A dance floor facility design showing static buffer tanks and minimized tubing lengths.

Parenteral Formulation plant

Source: ISPE; Pharmaceutical Engineering July August 2014. D. Wolton/A. Rayner; ISPE Online Nov 2019/20

Millipore.






Single-use storage Solutions

M

4 LU
)

@iy

v'e 5 ==
Mobius® drums

- Storage of process
fluids in 3D single-use

bags

- Top & bottom container
ports

* Supported by an
optional dolly

- Available in 50, 100
and 200L

S

?
' | g

=
\‘ sy Bl

Collapsible Bins

- Storage of process
fluids in 3D single-use
bags

- Stackable & Collapsible

- Available in 100,250,
500 and 1000L

Stainless Steel Bins 3D Large Liquid Transport
Bins

- Storage of process fluids in
3D single-use bags

- Single large door facilitates
easy operator access and
bag installation

+ 304/304L ss and optional
316 ss

- Stacking guides on bins

- Tray design with slide-out
capability

- 200L and above

- Pallet jack & fork lift
compatible

- fluid management solution that
enables users to safely move
large liquid volumes of media,
buffers, process intermediates
and bulk drug substance
between different sites, via road
or air

- Bag working volumes of 100L to
500L, aseptic and non-aseptic
versions, PF+ film

- 304L stainless steel

- ISTA 3E shipping validation, 2°C
to 45°C

- Stackable up to two units high

2D Container Cart

Storage of process
fluids in 2D single-use
bags

Supports up to six
process containers in
10L,20Land 50 L
sizes

Mobile with a small
footprint

Handle to tilt the racks
for better drainage
Removable container
cradles for easy
loading and unloading




Single-use storage systems MERCTK
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2D Bags Drums Bags 3D Bin Bags
» Available in 50mL to 50L - Available in 50, 100 and 200L - Available in 200L to 2000L as standard
« Standard and custom options available - Standard and custom options available - Large volumes available as custom

‘ Millipore.
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MNRIRC K
Definition of a Sterile Filter

“A filter which, when challenged with the bacterium Brevundimonas diminuta, at a minimum
concentration of 107 CFU per cm? of filter surface area, will produce a sterile effluent.”

"Sterilizing Grade" designation is not pore size rating dependant, it is a functional definition.

References ﬁg:[b) ASTM INTERNATIONAL U.S. FOOD & DRUG
Standard Test Method ASTM F838-05 'I.II" Helping our world work better ADMINISTRATION
FDA Aseptic Processing Guideline, 2004
PDA Technical Report 26 1998 PDA Parenteral Drug Association
EMEA, Annex 1, 2020 European = o Connecting People, Science and Regulation ©

n Commission \&2,(/

There is no one common filtration set up!
Process specific, based on risk/benefits considerations.

Millipore.




Design Options

Filtration Process Design Options

Ul

Filter Configurations

Single Filter

Sterile Filtration

Compliance with regulatory
guidance for <10 cfu/100 ml
Minimum hold-up volume
Minimum flushing requirements
Ease of handling and operation
Lower cost

MUERRCK

Drawbacks

No back-up in the event
of primary filter failure
Feed bioburden control
Filter plugging

L\

i >

Bioburden Filter

Bioburden - Sterile
Filtration

Compliance with regulatory
guidance for <10 cfu/100 ml
Very low plugging risk for
primary filter

No back-up in the event of
primary filter failure
Higher hold up

Higher cost

Higher system complexity

@)
o)

Dual Filters

Sterile Filtration - Hold
— Sterile Filtration

Compliance with regulatory
guidance for <10 cfu/100 ml
Very low plugging risk for
primary filter

No back-up in the event of
primary filter failure
Higher hold up

Higher cost

Higher system complexity

> X

Redundant Filters

Sterile Filtration -
Sterile Filtration

Compliance with regulatory
guidance for <10 cfu/100 ml

Very low plugging risk for primary
filter

Potential batch recovery if one
filter fails IT

Higher hold up
Higher cost
Highest system
complexity



Best option for final filtration

Pleated Membrane Stacked disk

Polypropylene Cage

Polypropylene
Lf-ndcop

Available in PES of PVDF Polypropylene &

Pleated membrane enable
higher filtration flow rate

Available from XL150 to
XLT 30” o |

Available in PVDF

Stacked disk enable low hold up
volume & increased product
Foeromiens Sompet recovery

Single-Layer Membrane
Hima Retentive

Spun Bonded Polypropylene
Drainage Layer

Available from 100cm?2 to

" 2
G O Od fo rWa rd & reve rse I%[EIE?:; 7 1 Piece Polypropylene 1 0 0 O C m Ourte

i o of fow MElIPak Fiter
Stainless Stesl  “ode 7 Adapior Representaiion of fow Gxough a

pressure resistance SupportKig Low resistance to back pressure

Preferred for
low hold-up
volume

ndcap

Preferred for
high flow

Millipore.




MNRIRC K
The Clear Choice for Final Fill

Transparent

olysulfone housin Filter Assembly
POty 9 > Integrity Testing Video

Flow direction Assembly setup

with handle

Stacked Disk with
Durapore®
Membrane

Flat Disk Design

Easy to stabilize

Aseptic Multi

GS1 2D Purpose Port

barcode

Millipore.

. Risk Reduction Product Recovery


https://www.emdmillipore.com/US/en/ps-learning-centers/sterile-filtration-learning-center/final-aseptic-filtration/vwCb.qB.hXUAAAFBTWM0rc0g,nav
https://www.emdmillipore.com/US/en/ps-learning-centers/sterile-filtration-learning-center/final-aseptic-filtration/vwCb.qB.hXUAAAFBTWM0rc0g,nav

MNRIRC K
The Clear Choice for Final Fill

Transparent

olysulfone housin Filter Assembly
POty 9 > Integrity Testing Video

L bbb, | -

Assembly setup
with handle

Flow direction

Stacked Disk with
Durapore®
Membrane

Flat Disk Design

Easy to stabilize

Aseptic Multi

GS1 2D Purpose Port

barcode

Millipore.

. Risk Reduction Product Recovery



https://www.emdmillipore.com/US/en/ps-learning-centers/sterile-filtration-learning-center/final-aseptic-filtration/vwCb.qB.hXUAAAFBTWM0rc0g,nav
https://www.emdmillipore.com/US/en/ps-learning-centers/sterile-filtration-learning-center/final-aseptic-filtration/vwCb.qB.hXUAAAFBTWM0rc0g,nav

MERRCOK
Integrity Testing Made Simple

YouTube Video
Instructions Link:

* Easy-to-use touch screen operation

* Fast, proven, full set of filter test algorithms that
reduces test time and simplifies test creation

* Easy set up with Staubli quick connectors for inlet
and outlet that are different

» Standard model offers all networking functions,
including multi-unit management and
synchronization

* Windows 10 operating system

* Unlimited test storage
 Comprehensive context sensitive help

* Upgraded sensors
I speak 8

* Internal Thermal Printer languages

* Barcode reader capability
* WiFi, Bluetooth, Ethernet ready

Millipore.



https://www.youtube.com/watch?v=Ad6rs_yF07U&list=PLZUJgvDfqXim8psMX01bmj9e6Xu1TYa_k&ab_channel=MilliporeSigmaPharmaandBiopharmaManufacturing
https://www.youtube.com/watch?v=Ad6rs_yF07U&list=PLZUJgvDfqXim8psMX01bmj9e6Xu1TYa_k&ab_channel=MilliporeSigmaPharmaandBiopharmaManufacturing

Traditional SURF System

=~ =

Integrity Integrity
Tester Vent Bag Tester | VentBag

Connection

ln
Gas Filte | Valve

r

Connection

Gas Filter | Valve
" % Vent Bag b | * Vent Bag P

AMPP

Millipak®
Final Fill

Filter Millipak® Barrier
Filter
Flow Direction

« IT through inlet
« Multiple connections

Millipak®
Final Fill

Filter T

Millipak® Barrier
Filter

18

MUERRCK

Streamlined SURF System
P ~ Ny

Vent Bag Vent Bag

=w=‘

* Vent Bag P

Valve Valve it
Il ) Integrity
and | K ‘4 Tester

Gas Filter Connection

7

q Sampling Bag

Integrity
Tester P-t—.“h

C cti .
onnection Gas Filter

Millipak® Millipak®
Final Fill Final Fill A
Filter Filter

Millipak® Barrier
Filter

« IT connections through AMPP
« Streamlined connections

Millipore.



Multiple technologies exist

‘ Peal Strip (membrane) . Tube Welders Sterile Chamber Devices
devices

Multiple connection / Robust device

deconnection possible

« Easy to use

100% integrity testing in

« Membrane cannot be tested manufacturing

* Do not pass Aerosol test + Caplta mvestme!nt * Validated for use in ANY
. Risk of contamination if not * Floor space required environment
performed in controlled  Equipment needs maintenance.
environment. . Compatible with very few « Size (only for reconnection)

tubing.

Millipore.




A variety of connectors to meet your fluid transfer needs

Enables Hybrid Systems

* Connects steamable hard-piped
processing systems to sterilized
disposable flow paths

* Available in a variety of sizes
and configurations: 4", 2", 1”

* Multiple actuations

* SIP, autoclave and gamma
compatible

Sterile-
to-Sterile

True Sterile Connector

Enables a single connection
between two single-use flow
paths

Robust sterility validation
(minimum of to 106 CFU/device)

Available in three sizes: 4",
3/8”, 1/211

Autoclave and gamma
compatible

Offers multiple (up to 6) sterile
connections, disconnections, and
reconnections wet, under
pressure

Enables processing efficiency
and flexibility when multiple
aseptic connections are needed

Simple and fast actuation
Available in sizes from 3/8” to 1”

MUERRCK

Click to Navigate
/ to Section

NovaSeal

¥
<

W

Sterile Disconnect

* Aseptically disconnects single-
use flow paths

* Crimps and cuts pinch-pipe &
tube with one simple motion

» Offering includes two tools to
disconnect four tube
3mmID x 6 g
OD tubing

Millipore.



Manual PUPSIT Skid
Configurable Options .

Millipore.

Easy-to-use
/ \ - Full set of filter test algorithms
- Networking functions

O Filter

Single or redundant filtration
Multiple size available MPFF20 to XL10

f— --" — -'L:
O Pu mp ‘& —:_.J" ‘T —:_J"
H Sterile Sterile
Pump provided by customer JBulk e ke

Separate WFI inlet (option 2)

O Automation options

Measurement [/ display (flow, speed, weight)
Recorder
Full auto / Dummy Skid ——
» Signal exchange (option 11) e
O Sensor

Additional P° sensor (option 9)
Additional T° sensor (option 4)

\ ' v / 0 M.ISC (((.)))

» Flush bag {option5a) and weight scale (5b)
Product Flush bag {option8a) and weight scale [B%‘ERBK

27 How autornation ensures robust & compliant PUPSIT | Merck ARE Event | Sept 2024



Automated PUPSIT Skid
Configurable Options

Millipore.

O ITS5

Easy-to-use
Full set of filter test algorithms
Networking functions

O Filter

Single or redundant filtration
Multiple size available MPFF20 to XL10

O Pump bh-:;fjl:;fji

] ] Bulk Sterile Sterile
Separate WFI inlet (option 2) product  Filter Filter

O Automation options

Full auto

» Signal exchange (option 11) i

Dummy Skid

bar
[ Partmin be -

- Sensor = e EREa
- Additional P° sensor {option 92) mﬁ”

Additional T° sensor (option 4)

O MISC
» Dedicated product flush bag on load cell (option5) (.)

Additional sampling point {option 8)
Additional N2 supply line (option 10)

249 How autornation ensures robust & compliant PUPSIT | Merck ARE Event | Sept 2024 MERCK
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‘NovaSeptum(r) GO Sampling System | Capabilities Presentation | August 2019 I Iporen




Selection of available sampling units MERCK

/ T be Outlet
x L:DI'II'IE- tion

High purity application

|' Imjection Sit
« PureFlex® bag TPE tubing . e . Female Luer |
« Three piece luer on outlet tubing e Fitting
« 2 mm needle Q R ' Male Luer o
« Single or manifold ~~,' &t ing ™= 7

Available sizes
« 50, 100, 250 and 1000 mL

R

Multiple sampling unit I
« 1 flush bag and 5 sampling units (50, 100 or 250 mL)

24 NovaSeptum(r) GO Sampling System | Capabilities Presentation | August 2019




Selection of available holder

3/8in.

25 NovaSeptum(r) GO Sampling System | Capabilities Presentation | August 2019

NovAseptic® Connector

@

Needle-free
single use

MUERRCK

Millipore.




Website MERRCK

Home Biopharmaceutical Manufacturing Drug Substance Sterile Sampling NovaSeptum® GO Sterile Sampling System

The NovaSeptum® GO Sterile Sampling System

pr——y

Explore NovaSeptum® GO Sterile Sampling

Continuing to set the sampling standard, NovaSeptum® GO Sterile Sampling System provides you with
the flexibility and safety you need to sample throughout your entire process. Its closed design maximizes
security and reduces the risk of cross contamination for consistent, representative samples.

Our NovaSeptum® GO system has also been enhanced with a new locking mechanism that prevents
accidental actuation, protecting your valuable product from exposure and ensuring accurate, reproducible
results.

The NovaSeptum® GO system is designed to give you the control and flexibility to sample the way you
want and where you want with confidence for reliable process monitoring and quality. We are committed to
meeting your evolving processing needs with products that continue to drive more efficient drug production

and delivery.
m-.&-'.(- % I
B :{{:. Z% 1% % * ‘
o o o I I | [s]s]s]s]ls]
Media Bioreactor Bioburden Chromatography Sterile Final Fill
Preparation Reduction Filtration

26 NovaSeptum(r) GO Sampling System | Capabilities Presentation | August 2019 M I"Iporen







Mebius® GingieiUse Bicréacor Pratform MERRCUK

Single-Use Bioreactor

Home Unit Procedure Editor

il
Vent Heater 1 Vent Heater 3

Procedure Actual / Setpoint

Pump1 30 /200 rpm @ .......
Operation Output 47 %

0:00:05

Vent Heater 2

Actual / Setpoint

0 /o sLPMm

YAO3 | YA25 (YA28 (YA29
Output 0.00%

recipe-TC-1335-criteria-gasflow.opn

0 Pump 2 YA3D, | YA3l | YAd4D
Step 1 Step 1 of 13 0:00:05
Run
0:00:05 Pump3 8 /8 rmpm (T
Output 3 % Dissolved Oxygen1 pH1
1 Criteria 0,
Step O Step Time>=10 sec Pump 4 20.0 /°Do ‘ 6.00 pH
idle Sensor Ready Loop | 20.0 %DO | 6.00 pH
0:00:00 i
Agitation 0o /65 rpm R m 0 /o SLPM 0’55°|V:d Oxygen2 pH2
Pending Step ) Pump 5 Prataire 030 mbar @ Output 0.68% 20.0 %DO 6.00 pH
B1FL1 Gas Flow #1 SetPoint | 20.0 %DO | 6.00 pH
value Temperature 189 /37.0 °C
2 & = calcul 1 Sensor 1
22 Pump6 50 /50 PO A S\ W TC Unit 189 *°C : 24.0 50 0/
' 0 (]
Mext Step Output 50 % i .
B1FL1 Gas Flow #1 Start Weight 0 Ke i 0%
Value 2‘ 0 /o SLPM caleul 2 Sensor 2
1 Output 0.00% o,
e P 37.0 50 %
| 0%
PUMPS AGITATOR & TANK GAS FLOW SENSORS & CONTROL
pH1 MANUAL OFF CALIERATE
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
> User total - DISSOLVED OXYGEN PH CALCUL1 CALCUL2 SENSOR 1 SENSOR 2 X
> @ > No Error VAZRWAN QF,

Trends Alarms Setup

Millipore.




Software solutions
CONTEXT

EMBEDDED SOLUTION DUMMY SYSTEMS
with supervision

With DCS
(CCP / ACE /specific )
Siemens TIA) (Emerson DeltaV / Siemens PCS7 / ...)

N3 \ R
- +*
" - o
g .
h ..l“ a -_ ’,
L R

il | DCS
1 customer

MERCK SKID
System limited to Hardware

MERRCK



Why customers want DCS?

* Centralization of the controls

* Same interface for all systems whatever the brand
* Adaptation of the software to customer needs

* Simplify operator training

« Communication between the systems is easier

* 2 mains actors : Emerson DeltaV / Siemens PCS7

What is Merck proposal ?

* A system limited to hardware
called "dummy skid”

Automation hardware (10, controller)
can be supplied as an option

* Support on process : Functional Specifications

e [ Em sTRE 5o anmdby ol Iy [

B e

'f'r'] e ; _.:T?::'.:” ————— ===

SARTIRILS

MERCK



Automation & Software basics

OPC UA in few words:

- First OPC not relying on
proprietary technology
(available for Apple, Linux
(JAVA), Microsoft...).

- possibility to use structures or

models
- Adding context information
Vendor Information Model - It is a protocol based on
Ethernet networking
Other information model specifications _ SO far OPC UA are mostly

used for bridging between
different OPC servers, this is
called tunneling

32 Automation & Software basics| 2019

MUERRCK

Millipore.




Automation & Software background MERRCUK

ERP (Enterprise Resource Planning)

Interconnections with the rest of the world ! (other company
departments, WWW...)

Manufacturing Execution System (MES)

Shared functions for multiple SCADAs (reporting, recipe
management, ....)

HMI (Human Man Interface) system level & DCS (Distributed
Control System)

- Friendly interfaces for operating the lower levels /gathering data
Scada network from lower levels.

Automation level

PLCs, controlling the lower level

Low level network

Field level
Actuators, Sensors, linking electrical and automation worlc

33 Automation & Software basics| 2019 M I I I I poren



MRRCU K

introduction Eo MRAST®
systemn

(iodular rutonmated
sampling Technology)

Shawn Bates, Senior Product Manager, IS&S

M Millipore.
o : P tion, S tion,
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01 Aautomated
samnmpling
enables
slopharmMma 4.0

Millipore.

Preparation, Separation,
Filtration & Monitoring Products



MUERRCK

The industry demands tools that support evolving manufacturing and quality
control processes in traditional biologics

Market Drivers

Flexibility Technology (PAT)

Market Growth  Uncertaint - .
' D Do echnoogies s
@ ‘ Facilities retres g
b Cost Control
Cost Pressure New Product \$} @ Process Technologies
Classes

Analytical Standard QC Rapid QC Inline/Real-time
Evolution Methods Methods Sensing

Millipore.

36




MERRCK
A dynamic process requires inline/real-time analytical analysis

Variable Input Fixed Process Variable Output

Fixed Quality

- i E———
Variable Input Dynamic Process Output

\ }
|

Quality is built into the processing,
not tested into the products?!.2

1. Snee, R. D. Quality by design: Building quality into products and processes. in: Zhang, L. (Ed.), Nonclinical Statistics for Pharmaceutical and Biotechnology Industries, Springer International Publishing; 2016, pp. 461-499.
2. Abu-Absi, S. F. et al. Defining process design space for monoclonal antibody cell culture. Biotechnol. Bioeng. 2010, 106, 894-905.

3 Millipore.




MUERRCK

The application of PAT involves analytical monitoring, data acquisition &
analysis, process control, and continuous optimization

—~ r
A =
1 RN
L0\ | Ng==T)
- )
Analytical process Data acquisition and
monitoring techniques mechanistic/data-driven
(sensors + sampling) to modeling of the
measure CPPs and CQAs generated data

\ J
!

Monitoring Tools

38

3

Process control to
facilitate real time
release

Continuous process
optimization and
knowledge
management

Millipore.




MUERRCK

Integration of in-line and on-line analytics via automated sampling

Cellicon™ Perfusion
Solution

3L glass STR

39

In-line Analyzer
(1) ProCellics™ Raman Analyzer (Single Channel)
(2) Bio4C® PAT Raman Software

(3) Bio4C® PAT Chemometric Expert Software

Millipore.



Traditional
Sensors

In-Line

Raman

On-/At-Line

Automated
Sampling

Temperature

Pressure

Conductivity

Gases (DO, C0O2)

pH

Cell density/biomass

AR SR NENE LN

Titer

Aggregation

Nutrients/Metabolites

Vitamins & amino acids

HCP

RS ENENE SR EN

DNA

Glycans

Charge Profile

Fragmentation

Endotoxin

rSENESENENESENENENENESENE NN

* Investigating Potential
40

MUERRCK

Reduce manual burden and
improve accuracy with in-line
technologies through automated
calibration & model
development

Integrate with a broad range of
analyzers to enable automated
measurement of parameters
that cannot be measured in-line

Millipore.



_ _ MERRCUK
Enabling technology to automate the upstream process and reduce time

for data acquisition of CPPs & CQAs

Manual Workflow

k

-y e P i & & & ey
7, \ N
dl £\
‘4 8\ O\
A ® = ‘@
ey {

]

g
Biore
Inline

f oo
actor & :

Automated Workflow

At-line Sample Offline Sample

MAST |

Bioreactor & Online Automated Y Sampleremoval&delivery : : :
On-line sample analysis, replacing at-line & some offline analysis

Analysis Sampling | gsimple storage

Millipore.




O MRST®
Technology

Millipore.

Preparation, Separation,
Filtration & Monitoring Products



MUERRCK

Integrations:

Gilson liquid handler
: Nova BioProfile FLEX & FLEX2
Sample to Primary
Analyzer(s) | Roche Cedex BioHT

MAST

Waste —
|

qaayy

R ioeic " = Waters Acquity Systems via Empower
Sterile Air L ThermoFisher LC Integration via
Sanitant Sample to Chromeleon
Storage i : : Agilent LC Integration via ChemStation
Y _.. | | Cary 60 UV/Vis Analyzer

Sample to Secondary
Analyzer(s)

Controllers &

il Liquid H |
Gilson Liquid Handler Software Interface

43

Millipore.




MUERRCK

« MAST® Controller

Sample Pilots
&

MAST

1

Sample Pilot devices

Sample Navigator

Sample Navigator

MAST

GGVUU
sample Navigator

Analytical Navigator

Cell Removal System
* Gilson Liquid Handler
* Sanitant Stations

44

* Controller Software

e Integrated Software
with Analytical
Equipment

Sample Planning

= |
= ---n-----i
| i =
s T -
‘ —| oo . ~
[— - R
1 (R
=y - .

- Sanitant & Air Filter

A blies

PPl W 1]  §
nnnnnnnnnn ’ &
sunplit

E 3 S &=

........

ssembl

tand Ce
......... E | T

»»»»»»»»»»

» Spare Parts

* Hardware PM
» Software Maintenance

Millipore.




MERRCK
The MAST® Sample Pilot Uses Positive Pressure Unlike Other Autosamplers

Sanitant
Line
\ w l Airlines to
control valves « Other autosamplers
attempt to draw
12 the sample which is
n limited to 15 psi of
Sample suction
Purge Gas| __» / Line
Line . «  We push the

sample and can
apply pressures as
high as 70 psig

" Sample e SP100 unit has
| - Pilot pushed thick
- MAST | microbial sample
: 80 feet to its
' destination

SP200 2

g}
| To bioreactor —

- | Millipore.




MERRCK
A Zoomed In View Shows the Various Lines in the Sample Pilot

Sanitant

Line \ Purge
- ‘ Gas Line

Airlines to /
control valves Saqitant 1 L‘ _
Line (- Sample
Line

Y

Purge Gas| ___»
Line

P MAST

£X X

Sample

MAST |

| | To bioreactor —> :'i'

&l
| To bioreactor |—

I

Millipore.
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MAST® System Offers Three Phases of Sterility Protection

47

. Sample Pilots are autoclaved

sterilized

. Sanitant and inert purge gases that

flow through the Sample Pilot pass
through 0.2 micron rated filters

. Sterile source protected by rigorous

system interlocks

Post sample

sanitation with 70%\
IPA including e ‘

definable hold times

Filtered purge
gas to remove L}
residual IPA

Bioreactor isolation valve
interlocked to prevent
opening at inappropriate [ >

times

MUERRCK

Aseptic
chamber to
draw in the

sample

Millipore.




MERRCK
MAST® Offers Streamlined Analytics Through Connectivity to
Primary and Secondary Analyzers

Up to Four Multiple
Primary Secondary
Analytical Analytical
Destinations Destinations

Up to Ten
Sample
Sources

" Millipore.




Example of a MAST® Solution

49

1.

Master Controller

2. MAST® Interface

. Analytical Navigator Controller

(Up to 4)

Sample Navigator Controller (5
per controller)

Sample Pilot (Depending on
how many bioreactor)

Filters
1. Sanitant
2. Purge

3. Cleaning solution

. Cleaning Solutions

1. Sodium Hydroxide
2. 70% IPA + 0.5 g/L NaCl

Fe——-—-——- SEmT)'e_N;VEatsrlr o m o w—— _:III_III_III_I.ITIITIITI’
Master L Analytical Navigator = ProteinA
Controller

L Controller : Purification ;
. 1
1
|

|

|

|

|

|

|

|

I MAST
I Interface
|

|

|

|

|

|

|

|

|| Gluc, Lac,

IGIn, Glu,

I NH4+, Na+,

11K+ cas+, | i

11 pH, PCO2, ! - =

e 5

L __ e e
Gilson Liquid

Handler

L Nova FLEX2

Soon to come:

Cell Removal System
& HPLC

Millipore.




MUERRCK

Increase frequency of data

...while maintaining data ...and reducing workload for
acquisition...

accuracy... scientists!

Manual Data (1 sample/day)

: v es the number of
~ 149 Correlation between manual and Reduc .
g 120 experiments needed for decision
< 100 automated samples o
2 g0 ¢ o0 8 o making in process development
(O] . g .
o 60 oo 34 > by providing near real-time
2 ‘2‘8 $° @ g process information including
S % p@F 2 ) product quality attributes
> % 2,5 &/v-
° > _ Ho o w2 % v" Reduces risk of contamination by
Run Duration (days) T - .. . .
51,5 o eliminating operator error during
® Steady State 1 @ Steady State 2 ® Dynamic 1 @ Dynamic 2 g 1 t ot sample draw
y 2
0,5 ~ o
Automated Data (4 samples/day) o %8 v' Saves on labor for sample
140 0 1 2 3 4 acquisition, processing, and
glzo Automated Samples analysis; including prevention of
> - weekend or off-hours work
= 128 IG’::‘:‘:‘" '.8... eGlu elac *GIn eGlu ®NH4
S o oy v Can achieve real-time release by
< e ® . analyzing the product as it is
o 20 Y » Data falls close to the y=x line, yzing P
O 20 _ge® o : produced
> ) ceswsu?®ee indicating a good correlation
0 5 10 15 between manually acquired data
Run Duration (days) and automatically acquired data

gOSteady State 1 @ Steady State 2 ® Dynamic 1 @ Dynamic 2 Mi"iporen
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N Dynamic

perfusion culture

In-line sensor

e On-line sensor

Millipore.




MUERRCK

SIS IAYAl Robust sterility protection confirmed by extensive MAST® customer experience.

Exceptional data accuracy- strong correlation between manual and automated
samples.

Accuracy

G ELNAd [l Compatible with several common analyzers (Nova, Cedex, HPLC, etc.)

Flexware setup is quick and easy, maintenance is manageable, and software and sample

Ease-of-use scheduling are simple to learn.

Diaphragm pump enables fast sample delivery up to 80 ft across a production facility,

GMP-readiness initiating analysis within seconds. Software has option for 21 CFR part 11 compliance.

Modular system provides tailored fit for each facility and connectivity to any vessel
A" type. Minimum sample volumes of ~10 mL enable use across scales and 20-30 min
sample rate allows for frequent data acquisition.

Sample System can connect to a Gilson® liquid handler for sample storage, dilutions, and
T[] processing. Cell removal system enables cell separation.

- Millipore.




Sample to Primary
Analyzer(s)

MAST

Waste «—

| BN
At (s
sample Navigator

Sterile Air
Sanitant Sample to

\ Storage
L!dd 1

Sample to Secondary
Analyzer(s)

" Gilson Liquid Handler
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MUERRCK

MAST® Integrations:

Gilson liquid handler

Nova BioProfile FLEX &
FLEX?2

Roche Cedex BioHT

Waters Acquity Systems
via Empower

ThermoFisher LC
Integration via
Chromeleon

Agilent LC Integration
via ChemStation

Cary 60 UV/Vis Analyzer

Millipore.
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Raman PAT Platform

ProCellics™ Raman Analyzer with

Bio4C™ PAT Raman Software ‘ “QI!I 3

Name, date
Short version

® °
‘ Millipore.
/ _ . Preparation, Separation,
The life science business of Merck operates . . . .
as MilliporeSigma in the U.S. and Canada. Filtration & MOnltorlng Products

-




MERRCK
A global solution for real-time monitoring of bioprocesses

services

ProCellics™ Raman Analyzer Bio4C™ PAT Raman Software

Single Channel
(1 probe)

Chemometric Model Building
support & Training

c “ @ OPC Connect support

G J \_ J
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A compact and easy-to-implement hardware

High ingress protection:

The analyzer is IP65 enclosed
preventing ingress of dust and water
jets from any angle.

Space-saving: 4 B
Small, compact

footprint
Interlock systems — Warning lights — Laser key control
User safety: The safety laser management system protects @ c €
personnel from accidental exposure to possible laser hazards. [
56 Raman PAT Platform Customer Presentation | September 2021

MUERRCK

Adaptable:

Six meters of optical cable between
the analyzer and the probe allows
for flexibility in placement and ease
of use.

Easy implementation:

The probe head and tube can be
easily assembled and
disassembled.

The port adaptor is compatible
with standards ports of single-use
bags and bioreactors (P13.5);
three lengths of tubing are
available.

CIP/SIP compatibility:

The stainless-steel immersion
tube is compatible with CIP/SIP
and autoclave sterilization.

Millipore.
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Chemometric modeling: Raman spectra and offline mathematical link
Gemp.
Wy, e
Multivariate calibration < Mon\itoﬁﬂg\‘>

Raman spectra
capture live

Raman spectra
captured by Bio4C™
PAT Raman Software

Seamless model Chemometric
export to Bio4C™ models
PAT Raman Software

Chemometric model A
building in Bio4C™
Chemometric expert

Bio4C™ PAT
Chemometric Expert

U

~M

Glucose ——-17.g/L,
Laacteses 8,70;1 q/ 1603
. . . Glutamine 0.4 g/L
Real-time monitoring Elutamate 0.4 g/L

AmmoniumO0.15 g/L

Raman Analyzers

Quantitation sample TN
Quantitation sample T4
Quantitation sample T3
Quantitation sample T2

57 Raman PAT Platform Customer Presentation | September 2021 Quantitation sample T1
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End-to-end functionalities for spectral acquisition, reference data association, spectral pre-
processing, chemometric model building, and real time monitoring

Raman Spectra
Pre-Processing

Reference Data
Association

Qualitative Analysis

e by PCA

Raman Spectra
Acquisition 0

Monitoring

58 Raman PAT Platform Customer Presentation | September 2021 M l I I l poren

Outliers
e Management

Bio4C™ PAT
Raman Software

Bio4C™

e PLS Model
Building

Model Evaluation




MUERRCK

ProCellics™ Raman Analyzer, collect calibration datasets, build models and monitor

59

Easy-to-Use Modules

Instrument Calibration - Enables calibration
verification & re-calibration to ensure the best quality
spectral acquisition

Model Building - Interface to collect Raman spectra
and off-line reference data and optimize spectral
acquisition with smart preprocessing tools and build
chemometric models

Monitoring - Provides the capability to monitor and
display process parameters and quality attributes in real-

time

Maintenance and Settings - Enables user
management and houses all software settings

Raman PAT Platform Customer Presentation | September 2021

Bio4C™ PAT
Raman Software

Millipore.

Instrument Model Monitoring Maintenance
calibration building & Settings

Millipore.




Benefits

Adaptable

e Automatically detects the Multi-Channel Unit and adjusts the
interface accordingly

e Several batches can run in parallel with different attributes
e Facilitates 21 CFR Part 11 compliance

Open Data Communication

e Remote communication through TCP/IP

e Easy to configure Open Platform Communications (OPC-UA)
e Easy data export and import for chemometric model building

Consistent Model Building and Real-time Monitoring
e Easy and robust data management
e Provides capability to associate off-line data with spectra

e Clear methodology to set acquisition parameters, pre-process
spectra and associate models with processes

60 Raman PAT Platform Customer Presentation | September 2021
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Benefits

61

Provides state-of-the-art chemometric model building
capabilities for process monitoring and process batch
anomalies analysis

Provides seamless integration with Bio4C™ PAT Raman
Software

Provides flexibility to select chemometric models based on
statistical errors such as Root Mean Squared Error of
Calibration (RMSEC), Root Mean Squared Error of Cross
Validation (RMSECV) and Root Mean Squared Error of
Prediction (RMSEP)

(08/07/2021 14:06) +

Varksnce exptinad
g 2 5 2

Raman PAT Platform Customer Presentation | September 2021
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Bio4C™ PAT
Chemometric Expert

Bio4C™ PAT Raman Software Bio4C™ PAT Raman Software
4.0 5.0
Key Modules
+ Instrument Calibration v v
- Spectral collection, offline association and v v
optimization
+ Monitoring v v
« Maintenance and Settings v v
+ Chemometric Module for Model building X * v
Support Process Development Y v
Support GMP Operations X Y
+ Facilitates 21CFR partll compliance Y Y
- Facilitates Data Integrity requirements x v
+ Facilitates category5 GAMP5 X '
recommendations
Chemometric Model Building Support
Timely Updates and Upgrades ' '

*Supported through SIMCA-Q software

Please note that Merck will no longer support earlier software versions (v2.0 or v3.0)

- Millipore.
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TO evaluate the performance (nmodel error assessment) betueen simMch and siout™ PAT
chenomebric expert for our established customnmers

Bridging Study Process (1 week)

— Collect spectral dataset referenced with offline measurements

— Built chemometric model using Bio4C™ PAT Chemometric Expert on the collected dataset for 3
metabolites (with varied error ranges)

— Compare and analyze RMSE between model built by SIMCA vs. Bio4C™ PAT Chemometric Expert
— Consolidate the results and present it to the customer

63 Raman PAT Platform Customer Presentation | September 2021 M I I I I por‘e ®
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Services & support offering

Pre-sales Post-sales

O ) © YRR

Preliminary System rental System & Software
study package (1m) IQ/0Q Training

Post-sales

e B o 6 L

Chemometric
Model Building OPC Connect Service Reliance Spare Part &
support & Training support Plans Repair

We are here anytime you need us

64 Raman PAT Platform Customer Presentation | September 2021 M I I I I poren




MERRCK
Chemometrics Model Building Support Chemometricians receive data

and generate models and a comprehensive report
using PCA and PLS regressions.

2B e
PCA PLS

. We email you a
. 3 4 *e report and models.
..
4

Chemometric Model
Building Support

You email data to
our chemometric experts.

N You and a chemometrician
discuss report/models.

You use ProCellics™ Raman
Analyzer with Bio4C™ PAT Raman
Software to gather data.

Thanks to ProCellics™ Raman Analyzer with Bio4C™ PAT Raman Software
and the dedicated Chemometric Model Building Support, you can start your real-time
monitoring using the robust and accurate models we have built for you. M i I I i pore
®
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SIMCA ® Bio4C™ PAT Chemometric Expert

@ Biodc™ PAT Softwe X

TCD (Cells/mL )

ingCHO 190K usp

Relative errors between
both monitoring

Culture parameters | Relative errors (%)

TCD 0,00006
VCD 0,00008
Glucose 0,00003
Lactate 0,00029

13:33:20 1 04:40:00 1 6 33:20 21:06:40 04:40:00
29/07/2019 / 19 03/08/2019 9 19 7/ 19 7/2019 31/07/2019 03/08/2019
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current state
of industry

Siloed work on digital solutions to
answer individual business questions

without scaling & unlocking the
full potential of our data assets

PATIENT
ADVOCATES

MUERRCK
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Ever-Increasing Data Along the Drug Development Life Cycle4erck

Deszll:)tl':: . Drug Sustance Drug Product m
P Development (DSD) Development (DPD)

Formulation (F)

mnufldmrlng
( 2 B, et
ﬁ( Y ; ~ 5 bl o = ~

Primary (DS and DP) 4
Packaging | _for Clinical

Stable Cell l ﬁr Container
Line (G) (DS and DP process|
: Cell Culture Purification Aseptic filling [ Validation:
Manufacturability (Upstream) (Downstream) process s R
Analytical method

(Fill & Finish) validation

Analytical Development (AD) incl. Molecule Characterization & Quality Control (QC)

Millipore.
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impact and multidimensional interdependency

Critical Process Parameters

VARV

@ g Unit operations A

Critical Material Attribut% 9 é ﬁé ﬁém
. J
P

Process Understanding and Control Strategy

Millipore.

Source: ©Kdrber-Pas-X Savvy



The holistic understanding of manufacturing processes MERRCK
Data are be available from multiple dimensions in different formats

i c2 & al

Bio process Scale up ma = e
[ R&Dp ] - [ Tech transfer] - [Process valldatlon] -[ Manufacturing ]

ol @
1
'\‘ |
!
B, =
ﬁ? % s-l;.i:'ri‘ees i Spectra
3 \ l /
T - HITEERE-M0NC g
l I : ll’ i I iEE - ‘i‘; Moo [ All the batches ]
L AR A LR

Millipore.
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Next Generation
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Next Generation
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ENVISIONING
our future
Wwith
Facturing

Engineering &

PAT/HOT Automation

Connected
Industrial
Equipment

Process science &
Technology

Quality & Regulatory

Cybersecurity

E2E Data Management

Standards Mi"ipore

People
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SO INTELL G, e
o

Production Planning and Scheduling Manufacturing Network Operation

Analytics, dynamic routing, real-time
supply chain optimization/risk mgmt.,
next best action/ predictions, advanced
process control, connected lab

Automated S&OP process, real-time
synchronization of supply chain and
production, advanced planning/
scheduling

Materials & Inventory Management 3rd Party Manufacturing & Service

Track and trace, data-driven inventory
management and optimization, additive

Automated sourcing agents, supplier
rooms, shared cloud platforms, control

manufacturing, digital utilities - tower
PAT/IT0T el
Process science & Connected ’ a
Technology e Performance Mgmt. & Business
Production Intelligence
Quality & Regulatory
Continuous manufacturing, 3D printing, Cybersecurity Real-time KPIs, advanced production and
industrial robots, automated guided — asset utilization based on digital twins,
vehicles, additive manufacturing Fesple advanced process control, EBR, digital
utilities
Manufacturing Reliability &
Manufacturing Engineering Maintenance Environment, Health & Safety (EHS) Quality
Virtual simulation and experimentation, Predictive / remote maintenance, Waste management optimization and Automated quality in-line testing, digital
AI/ML-based routing & job scheduling, virtually guided maintenance, analytics, smart energy consumption, workforce quality management, robotics and
additive manufacturing additive manufacturing, robotics and enablement, digital utilities, digital EHS automation, workforce enablement, EBR
automation, workforce enablement

Skills, culture & behaviors

Millipore.
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Thank you!

Any Questions?
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