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Introduction
You’re a pioneer on the pathway to success with your biotherapeutic.  Whether it’s your 
first time bringing a molecule to the clinic, or your hundredth, the path is long, costly, 
complex, and fraught with risk – yet the rewards are substantial. Knowing what to expect 
and who and where to go for guidance can provide confidence you’re on the right track and 
accelerate you on the right path. From bench to full-scale production, we offer a full range 
of raw materials, tools, services, and technologies, from off-the-shelf to customizable, to 
accelerate development, optimization and scale-up of your process. Our in-house experts 
have decades of bioprocessing experience and will collaborate with you to tackle any 
development and processing challenges, as well as provide quality testing services.



How to register for an account and  
place an order

Click on Account A. A screen with two 
options will be displayed B. Under the section 
Register with Sigma-Aldrich C, click on 
the option Begin My Registration D.

Select a product pack size by clicking on 
the arrow to access the drop-down menu 
A. Select and click again on Get/Confirm 
Pack Sizes to view the prices and availability 
B. You can continue adding more products 
if required. You can also remove items by 
selecting the Remove option on the right. To 
proceed select Add Products To Cart C. 

Fill in the data requested on the screen. 
Accept the Terms and Conditions of Sigma-
Aldrich A, and click on Save and Next B. 

If you are unsure of the exact product code, or for a more detailed 
product comparison, you can perform a header search.Type the 
product name, CAS number or description into the top right search 
bar A. Next select the magnifying glass to perform the search B.

The Order Center will then be displayed 
where you can build your order. Enter the 
Product Number A, Quantity B and click 
on Get/Confirm Pack Sizes C.

Multiple product results may appear. To view the price and 
availability of a specific product select the Pricing option on 
the right to expand the results A. To add an item to the cart 
specify a Quantity B, and finally select Add To Cart C.
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A shopping cart containing the requested 
products will appear. Click on Check Out A.

At this time your registration profile will be saved. To proceed 
with the order fill in the required information if known. If you are 
unsure, or do not have the information please select No Thank 
You. Not at this time B.

If you have provided valid 
information you will be directed 
back to the shopping cart to 
complete your order. If you have 
selected the option, No Thank 
You. Not at this time, then you 
will need to provide additional 
information. A popup display will 
indicate that you will need to 
continue your registration A.

A shopping cart containing the requested products will appear.

To delete a product you can select the bin icon, and then select 
Update Cart.

To amend or add to the shipping address, click Edit A.

Enter the PO Number B (it’s a required field). If you do 
not have a PO number you may wish to enter the date as a 
suggested PO number alternative.

Enter the Contact Information C.

Select Place Order D.

Your order will be confirmed pending our review A.

An Account Registration page will be 
displayed A. Enter as much information 
as possible in order for your profile 
registration and order to be successful. 
(Optional fields are not required). Select 
Save and Continue B.
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5.

If you are unsure of the 
exact product code, or for 
a more detailed product 
comparison, you can 
perform a header search. Type the product name, CAS number 
or description into the top right search bar A. Next select the 
magnifying glass to perform the search B.

Multiple product results may appear. To view 
the price and availability of a specific product 
select the Pricing option on the right to expand 
the results A. To add an item to the cart specify 
a quantity B, and finally select Add To Cart C.

How to request a quote
Go to Order 
Center by 
selecting the 
image A, or the 
header option B.

The Order Center will then be displayed 
where you can build your order. If you know 
the product code you wish to order, enter 
it into the Product Number box A. Next 
specify a Quantity B, and click on Get/
Confirm Pack Sizes C.

Select a product pack size by clicking on the arrow to 
access the drop-down menu A. Select and click again 
on Get/Confirm Pack Sizes to view the prices and 
availability B. You can continue adding more products 
if required. You can also remove items by selecting the 
Remove option on the right. To proceed select Add 
Products to Cart C.

The shopping cart will appear containing 
the requested products. To delete a 
product you can select the bin icon, and 
then select Update Cart. Enter the 
Contact Information A. Next select 
Request Quote B.

A quote confirmation screen will indicate You have 
Successfully Completed your Quote. You will 
have the option to view and print the PDF quote 
version A. Alternatively you can view the quote by 
selecting View Quote B, and if required you can 
convert the quote into an order at this stage by 
selecting Convert To Order.
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Featured Products & Services
The following products and services are currently featured for biotech start-up companies. From 
development phase to manufacturing, we have scalable solutions to help you get your biotherapeutic 
to the clinic. Please click the link or scan the QR code to learn more about the products, or receive a 
free sample if available.

CHOZN® 
and UCOE® 
combined 
platform

Cellvento® 
and ExCELL® 
Advanced

Viresolve®  
PRO Solution

Eshmuno® 
Resins and 
Prepacked 
columnsFree sample available

Link Link Link Link

https://www.sigmaaldrich.com/safc/biological-manufacturing/chozn-platform.html
https://www.sigmaaldrich.com/safc/bioprocess/media/sample.html
https://www.emdmillipore.com/US/en/products/biopharmaceutical-manufacturing/downstream-processing/virus-safety/virus-filtration/702b.qB.6KkAAAFAU.BkiQpx,nav
https://www.emdmillipore.com/US/en/products/biopharmaceutical-manufacturing/downstream-processing/chromatography/ion-exchange-chromatography/eshmuno-resin/u32b.qB.4tEAAAFAae1kiQpx,nav


Product Char-
acterization 
Services

Lot Release 
Testing  
Services

End-to-End 
Plug & Play

Link Link Link

http://www.emdmillipore.com/yourpcpartner
https://www.emdmillipore.com/US/en/services/biopharmaceutical-manufacturing/asCb.qB.l2QAAAFDfeAszn0m,nav
https://www.emdmillipore.com/US/en/20190502_140507


Bioprocessing Resources

View PDF

Plug & Play 
Upstream 
Development 
Services

BioReliance® End-to-End Solutions

Plug & Play Upstream  
Development Service
A service exactly tailored to small-sized biotechs and start-ups, needing to  
balance cost and speed to clinic while getting it right the first time.

The life science business  
of Merck KGaA, Darmstadt, 
 Germany operates as 
 MilliporeSigma in the  
U.S. and Canada.

View PDF

BioReliance® 
Services

A Leader in Providing 
Innovative Contract Services

Comprehensive 
services

• Comprehensive 
biosafety testing 
services

• Global facilities 

• Technical and 
regulatory support

• Dedicated program 
management, online 
iNet system for real 
time reports

MilliporeSigma BioReliance® testing services is the leading provider of contract 
services in the biopharmaceutical industry, supporting every phase of the 
testing, development and manufacturing process and offering a comprehensive 
and integrated package of services. Our clients include producers of traditional 
pharmaceuticals, medical devices, chemicals and other products, as well as 
biopharmaceuticals.

Support for all phases of drug development

Service Preclinical Phase I Phase II
Phase 

III
Commercial

Cell banking & 
testing

    

Raw materials 
testing

    

Lot release testing     

Clearance 
validation

 

Virus 
manufacturing

    

Genetic toxicology 

The life science business of Merck KGaA, Darmstadt, Germany operates as MilliporeSigma in the U.S. and Canada.

View PDF

Viral Gene 
Therapy 
Brochure

Draw On Our 
Experience
for Viral Vector Manufacturing

The life science business of Merck KGaA,
Darmstadt, Germany operates as
MilliporeSigma in the U.S. and Canada.

View PDF

Vaccine 
Handbook

Vaccine Production: 
Better, Faster, Safer, 
Together 

The life science business of Merck KGaA,  
Darmstadt, Germany operates as  
MilliporeSigma in the U.S. and Canada.

View PDF

Product 
Characterization 
mAb-based 
Assays

The life science business  
of Merck KGaA, Darmstadt, 
 Germany operates as 
 MilliporeSigma in the  
U.S. and Canada.

Product 
Characterization 

Reveal your  
biologic’s attributes  
earlier and faster  
with expert guidance

YouR  
molecule

OuR 
priority 

View PDF

Discovery 
Capabilities 
Brochure

STAYCONNECTED 
Sign up today for the latest Product Updates,  
Technical Newsletters and Promotions

The life science business of Merck KGaA,  
Darmstadt, Germany operates as  
MilliporeSigma in the U.S. and Canada.

Life Science 
Solutions

Lab Water 
Solutions

 Preparation, Separation, 
Filtration & Monitoring Products

View PDF

Bio4C™ 
ProcessPad

Data Sheet

Biopharmaceutical processes are complex and highly 
variable in nature. This can result in inconsistent  
and sometimes unpredictable process outcomes.  
To manage complexity and better understand causes 
of variability, in-depth knowledge and thorough 
understanding of the process and the various factors 
affecting process performance are critical. This makes 
knowledge management and process monitoring an 
indispensable part of the process improvement efforts  
for any biopharmaceutical organization.

Bio4C™ ProcessPad software is a data collection, 
visualization, and analytics platform that enables 
bioprocess monitoring, lifecycle management,  
reporting, investigations, and continued process  
verification (CPV). 

Intelligently combining process data from disparate data 
sources generated during batch execution into a single, 
contextual, integrated data source, Bio4C™ ProcessPad  
ensures process information is current, complete, and 
accessible throughout the product lifecycle.

BioContinuum™ Automation & Analytics Platform  
Bio4C™ ProcessPad Software

Dashboard
Batch Profiles

Events on Profiles

Key Benefits
•  Intuitive browser-based interface

• Automatically aggregate data into analysis-ready format 

•  Collect and manage data from various sources in  
disparate formats 

•  Data visualizations and analytical tools for  
bioprocess analysis

• Generate reports with a few clicks 

•  Multivariate analysis including outlier detection using 
Principal Component Analysis (PCA)

•  Perform quick searches on anomaly patterns detected 
against historical machine streaming data  with  pattern 
matching algorithm.

•  Leverage development data throughout product lifecycle for 
effective knowledge transfer from process characterization 
to largescale GMP manufacturing 

•  Global teams, CMOs, and suppliers have access to data, 
analytics, and visualizations 

•  Process analysis tools, control limits management, and 
end-to-end data management for CPV

•  Designed to facilitate the user's 21 CFR Part 11  
software requirements

The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the U.S. and Canada.

View PDF

Integrated 
Bioprocessing

InteGRated 
BIopRocessInG
Helping Biopharmaceutical Start-ups  
Navigate the Path to Commercialization



CeLL CuLTure 
MeDIa 4CHO KIT

The life science business of 
Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma 
in the U.S. and Canada.

Scan QR code for 
process guidance

© 2020 Merck KGaA, Darmstadt, Germany and/or its affiliates. 
All Rights Reserved.  The vibrant M and SAFC are trademarks of 
Merck KGaA, Darmstadt, Germany or its affiliates. All other 
trademarks are the property of their respective owners. Detailed 
information on trademarks is available via publicly accessible 
resources. Lit. No. VM_FB7071EN

Free Sample Available



Integrated Products and Services Process Guides

View PDF
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Diafiltration 
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Diafiltration 

Gene Therapy
BioReliance® End-to-End 
Solutions
Your CDMO partner for 
adaptability at every stage  
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mAbs Process Schematic
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An expanding offering for 
intensified, connected or 
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BioReliance® End-to-End
Solutions
Your CDMO partner for
adaptability at every stage 

Monoclonal Antibodies 
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Vaccine Conjugated Polysaccharide 
Process Schematic

Raw 
Material 
Testing

Cell 
Line 

Characterization

Biorepository

Validation
Services

Validation
Services

Lot Release
Testing

Lot Release
Testing

Validation
Services

Validation
Services

Viral 
clearance and 

viral safety

Validation
Services

Validation
Services

Validation
Services

Lot Release
Testing

Product
Characterization

Validation 
Services

ClarificationMedia Preparation Fermentation Ultrafiltration/
Diafiltration

Precipitation

Final 
Filtration

 Chromatography
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Cell Culture Viral Vaccine 
Process Schematic
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Cell Growth
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Digestion

Sterile Filtration 
and Final Fill

Ultrafiltration/
Diafiltration

Inactivation ClarificationUltrafiltration/
Diafiltration

Formulation Chromatography
1-3 Steps

MAKE

FORMULATE

PURIFY



Paper/Manual
Records

Streaming
Machine DataDatabases

Lot Genealogy Comparison of Groups Statistical Process Control Predicitive Model

Bio4C™

ProcessPad

Bio4C™ ProcessPad

As a vibrant science and technology company, we 
engage with the scientific community at all levels 
of the company through meaningful events that 

lead us closer to groundbreaking innovation.

Free Samples Available

PDFs
Bio4C™ ProcessPad Software Flyer
eBook: Implementing Continued Process Verification

Web
Bio4C™ ProcessPad Software
Article: Bridging the Biopharmaceutical Manufacturing Digital Divide
Article: Factory of the Future Will Be a Convergence of Digital and 

Bioprocessing Technologies
Webinar: Smart Data Management and Advanced Analytics with 

Bio4C™ ProcessPad

Video
Bio4C™ ProcessPad Product Overview Video Visit Site

https://www.emdmillipore.com/US/en/20200422_154349
https://www.pharmasalmanac.com/articles/bridging-the-biopharmaceutical-manufacturing-digital-divide
https://www.pharmasalmanac.com/articles/factory-of-the-future-will-be-a-convergence-of-digital-and-bioprocessing-technologies
https://www.pharmasalmanac.com/articles/factory-of-the-future-will-be-a-convergence-of-digital-and-bioprocessing-technologies
https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=WebsiteOD&eventid=2862012&sessionid=1&key=0F9D286538F57D46FA4CC92F40492A48&regTag=&V2=false&sourcepage=register
https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=WebsiteOD&eventid=2862012&sessionid=1&key=0F9D286538F57D46FA4CC92F40492A48&regTag=&V2=false&sourcepage=register
https://www.youtube.com/watch?v=4otHOqd6USA
http://www.chromconnect.com


For additional information, please visit  
www.EMDMillipore.com

To place an order or receive technical assistance, please visit 
www.EMDMillipore.com/contactPS

MilliporeSigma
400 Summit Drive
Burlington, MA 01803

We provide information and advice to our customers on application technologies and regulatory matters to the 
best of our knowledge and ability, but without obligation or liability. Existing laws and regulations are to be 
observed in all cases by our customers. This also applies in respect to any rights of third parties. Our 
information and advice do not relieve our customers of their own responsibility for checking the suitability of 
our products for the envisaged purpose.

EMDMillipore.com

MilliporeSigma, the vibrant M, Millipore, SAFC, BioReliance, CHOZN, UCOE, Cellvento, ExCELL, Viresolve, Eshmuno and Bio4C are trademarks of Merck 
KGaA, Darmstadt, Germany or its affiliates. All other trademarks are the property of their respective owners. Detailed information on trademarks is 
available via publicly accessible resources.

© Merck KGaA, Darmstadt, Germany and/or its affiliates. All Rights Reserved.

Lit. No. MS_BR7505EN

http://www.merckmillipore.com/offices
http://www.merckmillipore.com/techservice
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Reveal your  
biologic’s attributes  
earlier and faster  
with expert guidance
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Product Characterization  
mAb-based Assay Packages


Cell-Line Development


Interlot and Biosimilar 
Comparability


Lot Release and Stability


Process and Product 
Impurities


Knowledge Center


White Paper


Podcast


Webinar


More


YouR  
molecule


OuR 
priority 


Need a custom approach? We're here to discuss your unique needs. 


Ask us a question  |  EMDMillipore.com/your-pc-partner  |  Connect with us on LinkedIn®


You’re One Partner Away from  
Bringing Your Biotherapy to Life


We know how difficult it can be to characterize 
your product throughout the drug development 
process due to advanced technologies, evolving 
regulations, and specialized knowledge. You 
don’t have to do it alone. Discover your options 
with our expertise.


Partner with us for:


Early phase development to avoid costly 
pitfalls that require additional time, resources, 
and funding 


Reliable data, faster to help expedite product 
quality decisions at vital stages of development


Expert guidance that will move your molecule 
from concept to clinic with accuracy



https://www.emdmillipore.com/US/en/20190521_184624

https://www.linkedin.com/company/bioreliance/
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Need a custom approach? We're here to discuss your unique needs. 


Ask us a question  |  EMDMillipore.com/your-pc-partner  |  Connect with us on LinkedIn®
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White Paper


Podcast
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More


Packages to ensure your biotherapy’s  
safety, purity, and potency
Off-the-shelf mAb assay packages designed  
to speed time to actionable data


Your biotherapy’s 
development program is 
led by a dedicated project 
manager, expert scientists, 
and regulatory teams.


All testing is performed in 
a GMP qualified laboratory 
and is compliant with ICH 
guidelines, FDA, and EMA 
regulations.


With state-of-the-art 
instrumentation, we 
provide you precise results 
to push your project 
forward.


Our comprehensive program reveals the true-identity of 
your molecule. Each package offers assays that provide 
you the information needed to assess your biotherapy’s 
critical quality attributes, and selecting a pre-configured 
package is just the start. We’ll discuss details with you 
to ensure our testing meets your unique needs.



https://www.emdmillipore.com/US/en/20190521_184624

https://www.linkedin.com/company/bioreliance/
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Need a custom approach? We're here to discuss your unique needs. 


Ask us a question  |  EMDMillipore.com/your-pc-partner  |  Connect with us on LinkedIn®


Product Characterization  
mAb-based Assay Packages
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Comparability
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Impurities


Knowledge Center


White Paper


Podcast
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More


Stages such as clone selection, upstream and 
downstream process optimization, and media 
development are important check points for mAb 
manufacturability. Whether you are testing cell pools 
or isolated clones, we have assays to suit the level of 
characterization you require for:


•	Early material from stable pools or stable cell lines


•	Clone selection


•	Final clone testing


•	Research or master cell bank


Cell-Line Development 


Description Specifications


Learn More
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Cell-Line Development 


mAb Product Characterization assay families that satisfy testing needs include: 


Titer Used as a baseline measurement, mAb titer is measured using protein-a affinity 
chromatography (HPLC).


Doubling Rate Reflects growth potential of the cell line and it influences the amount of the mAb product 
produced.


Binding Affinity to Target 
(Surface Plasmon Resonance)


Gives detailed kinetic information on the nature as well as strength of binding.


N-glycan Analysis Identifies the effect N-glycans have on the properties of glycoproteins including conformation, 
solubility, antigenicity.


Intact Mass Used to demonstrate the diversity of the protein/peptide products and verify the identity  
of the biologics.


Potency Verifies product quality, proving the drug has achieved its desired effect and strength.


Ideal during:


Packages Discovery Pre-Clinical Phase I Phase II Phase III Manufacturing


Cell Line Development ✔


Interlot and Biosimilar 
Comparability ✔ ✔ ✔ ✔ ✔


Lot Release and Stability ✔ ✔ ✔ ✔ ✔


Process Impurities ✔ ✔ ✔ ✔


Product Impurities ✔ ✔ ✔ ✔


Description Specifications
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It is important to perform comparability studies 
throughout the entire biopharmaceutical manufacturing 
process. When comparing between production lots, 
or a biosimilar to its originator therapy, you can be 
confident our assays deliver rigorous evaluations with 
trusted results. Our comparability studies are designed 
to ensure robust and reproducible mAb production and 
include:


•	Comparability between a biosimilar and an original 
product


•	Comparability between different production facilities


Interlot and Biosimilar Comparability


Description Specifications


Learn More
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Interlot and Biosimilar Comparability


Product Characterization assay families that satisfy testing needs include: 


Molecular Weight Comparison An indicator of mAb identity, influenced by the nature of the light and heavy chains as well as 
by post-translational modifications. 


Amino Acid Analysis Used to determine the amino acid composition of a mAb, amino acid analysis is a popular way 
to establish product identity. 


Sequence Mapping Comparison of simple, single enzyme peptide maps may be sufficient to gain the identity of 
your mAb. N- or C-terminal sequencing may be performed to inform product engineering. 


Higher Order Structure (HOS) 
Comparison


Many factors influence HOS – the 3D structure of a mAb – ranging from the choice of cell line 
for mAb production to bioprocessing conditions.


Modification Analysis Modification analysis includes disulfide bridge mapping and evaluation of glycan basic structure. 


Product Purity / Impurity 
Testing


Size and charge variants can be identified using techniques such as dynamic light scattering 
(DLS) and UHPLC ion exchange. 


Potency / Binding Measurement of binding using Surface Plasmon Resonance (SPR) can provide rapid 
determination of binding, with the added benefit of kinetic information.


Ideal during:


Packages Discovery Pre-Clinical Phase I Phase II Phase III Manufacturing


Cell Line Development ✔


Interlot and Biosimilar 
Comparability ✔ ✔ ✔ ✔ ✔


Lot Release and Stability ✔ ✔ ✔ ✔ ✔


Process Impurities ✔ ✔ ✔ ✔


Product Impurities ✔ ✔ ✔ ✔


Description Specifications
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Delivering a regulatory-compliant biotherapy to market 
requires lot release testing at clinical and commercial 
stages. We work with you to develop a customized lot 
release program that combines full data with regulatory 
guidance required for clinical submission. We conduct 
assays for:


•	Raw Materials


•	Unprocessed Bulk


•	Purified Bulk (Drug Substance)


•	Final Product (Drug Product)


Lot Release and Stability


0 1 2 3 4 5
Days


Description Specifications


Learn More
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Lot Release and Stability


Product Characterization assay families that satisfy testing needs include: 


Physical Testing Testing includes measurement of pH, osmolality and concentration. 


Identification Testing Confirms a mAb product’s identity with intact mass (IM) analysis, amino acid analysis, glycan 
profiling, and sequence mapping. 


Product Impurity Testing Checks for size variants and charge variants.


Potency / Binding Testing Assessment of a mAbs affinity for the target. Methods include Fc gamma receptor and C1q 
binding assays, and cell-based assays. 


Microbiology Testing Ensures a mAb’s quality and safety to meet regulatory requirements. Tests include bioburden 
determination, bacterial endotoxin, and sterility.


Process Impurity / Residual 
Testing


Rigorous monitoring to detect detergent or surfactant left behind during manufacturing, as well 
as the presence of residual protein and DNA.


Ideal during:


Packages Discovery Pre-Clinical Phase I Phase II Phase III Manufacturing


Cell Line Development ✔


Interlot and Biosimilar 
Comparability ✔ ✔ ✔ ✔ ✔


Lot Release and Stability ✔ ✔ ✔ ✔ ✔


Process Impurities ✔ ✔ ✔ ✔


Product Impurities ✔ ✔ ✔ ✔


Description Specifications
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Process or product contaminates can arise from raw 
input materials, occur as residual processing agents, 
or form as reaction by-products. We have years of 
experience with routine to high complexity assays 
for both R&D and GMP purposes to make sure your 
biotherapy meets regulatory requirements. Assays 
include:


Process contaminates:


•	Host cell protein and DNA


•	Process additives


Product contaminates:


•	Size variants


•	Charge variants


•	Microbiology


•	Viable


•	Non-viable


Process and Product Impurities


Process Impurity Spec. Product Impurity Spec.Description


Learn More
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Process impurity types that need to be assessed include:


Host-cell Contaminants Detection of process impurities requires highly specific techniques to accurately quantify even low 
levels of contamination.


Manufacturing Additives A wide variety of manufacturing additives must be monitored during mAb development and 
manufacturing;


•	Detergents, such as Tween® 20 surfactant, Triton™ X-100 surfactant


•	Protein A


•	Transfection reagents, including polyethylenimine (PEI)


•	Antibiotics


•	Anti-foam agents


•	Growth factors


Microbial Battery Used to monitor the presence of potentially harmful microbial contamination, bioburden testing 
should be employed throughout the entire mAb manufacturing process.


Ideal during:


Packages Discovery Pre-Clinical Phase I Phase II Phase III Manufacturing


Cell Line Development ✔


Interlot and Biosimilar 
Comparability ✔ ✔ ✔ ✔ ✔


Lot Release and Stability ✔ ✔ ✔ ✔ ✔


Process Impurities ✔ ✔ ✔ ✔


Product Impurities ✔ ✔ ✔ ✔


Description Process Impurity Spec. Product Impurity Spec.


Process and Product Impurities
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Process and Product Impurities


Product Characterization assay families that satisfy testing needs include:


Charge Distribution Charge variant analysis can be evaluated by techniques including cation exchange 
chromatography (CEX) and capillary isoelectric focusing (CIEF).


Size Distribution Size exclusion chromatography (SEC) is used to evaluate size distribution; other techniques 
include dynamic light scattering and capillary electrophoresis sodium dodecyl sulfate (SDS) gel.


Molecular Weight Analysis Typically evaluated by intact mass (IM) analysis, mAb molecular weight can also be 
investigated by deglycosylating the heavy chains.


Sequence Mapping A widely used sequence mapping technique, peptide mapping ranges from the generation of 
single enzyme peptide maps to more complex analysis.


Modification Analysis N-glycan mapping can inform mAb stability, bioactivity and immunogenicity, while sialic acid 
quantification is key to preventing excess sialylation. 


Physical Attributes Testing Physical properties of a mAb that require testing during manufacturing include pH, 
concentration, and osmolality.


Ideal during:


Packages Discovery Pre-Clinical Phase I Phase II Phase III Manufacturing


Cell Line Development ✔


Interlot and Biosimilar 
Comparability ✔ ✔ ✔ ✔ ✔


Lot Release and Stability ✔ ✔ ✔ ✔ ✔


Process Impurities ✔ ✔ ✔ ✔


Product Impurities ✔ ✔ ✔ ✔


Description Process Impurity Spec. Product Impurity Spec.
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Early Product Characterization Mitigates Risks in Biologic Development


Read why interrogation of product attributes using high resolution tools and 
techniques provides answers to crucial questions early on, such as: What are the 
structural attributes of the drug? And, how does this drug function biologically?


Knowledge Center


White Paper Podcast Webinar


White Paper


physical, structural and functional analysis. Well-
established testing procedures can confirm core 
properties such as identity, peptide sequence and 
molecular mass. However, for biologics, newer, high-
resolution analytical techniques are required to answer 
questions regarding product heterogeneity with respect 
to charge, size, glycan structure and post-translational 
modifications. The techniques also provide an insight 
into how heterogeneity may affect the biological 
functionality of the molecule. Newer analytical methods 
can also help assess for product-related aggregates and 
impurities and ensure consistency through scale-up  
and manufacturing. 


In addition to physicochemical and structural analysis, 
biological characterization helps answer critical 
questions about how the drug functions. Monoclonal 
antibodies (mAbs), for instance, have multiple 
described mechanisms of action associated with the 
antigen binding (Fab) and crystallizable (Fc) fragments. 


Product Characterization


Early Product Characterization Mitigates 
Risks in Biologics Development
Daniel Galbraith, Ph.D., Director of Product Characterization and New Services, focusing on 
BioReliance® biosafety services, MilliporeSigma


In the past, product characterization was simple 
and standardized. Developers of small molecule 
pharmaceuticals performed a battery of tests around 
Phase II or III clinical trials, fulfilled the regulatory 
requirements of the pharmacopoeia and were done. In 
today’s complex world of biologics, success demands 
a more thoughtful approach and drug developers are 
investing in advanced analytics much earlier in the 
development process. 


Product characterization is the essential foundation 
for successful biological drug development. In-depth 
knowledge of a product’s chemistry, structure, and 
biological activities facilitates easier process design to 
ensure the drug attains critical product safety, purity, 
and potency, as per ICH Q6B. Interrogation of product 
attributes using high resolution tools and techniques 
provides answers to crucial questions early on, such 
as: What are the structural attributes of the drug? 
And, how does this drug function biologically? Key 
is understanding the relationship between the basic 
physicochemical profile and biological activity and 
how this relationship affects clinical performance thus 
enabling a developer to make informed decisions that 
accelerate development and reduce risk throughout the 
product’s life cycle.


What makes biologics different?
The complexities of biological manufacturing, the large 
size of the molecules, and the product heterogeneity 
introduced by cellular expression systems present 
significant challenges to measuring the quality of 
a biologic drug. During the early phase of drug 
development, much about the drug’s quality attributes 
is unknown and must be established empirically by 


The life science business of Merck KGaA,  
Darmstadt, Germany operates as  
MilliporeSigma in the U.S. and Canada.
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physical, structural and functional analysis. Well-
established testing procedures can confirm core 
properties such as identity, peptide sequence and 
molecular mass. However, for biologics, newer, high-
resolution analytical techniques are required to answer 
questions regarding product heterogeneity with respect 
to charge, size, glycan structure and post-translational 
modifications. The techniques also provide an insight 
into how heterogeneity may affect the biological 
functionality of the molecule. Newer analytical methods 
can also help assess for product-related aggregates and 
impurities and ensure consistency through scale-up  
and manufacturing. 


In addition to physicochemical and structural analysis, 
biological characterization helps answer critical 
questions about how the drug functions. Monoclonal 
antibodies (mAbs), for instance, have multiple 
described mechanisms of action associated with the 
antigen binding (Fab) and crystallizable (Fc) fragments. 


Product Characterization


Early Product Characterization Mitigates 
Risks in Biologics Development
Daniel Galbraith, Ph.D., Director of Product Characterization and New Services, focusing on 
BioReliance® biosafety services, MilliporeSigma


In the past, product characterization was simple 
and standardized. Developers of small molecule 
pharmaceuticals performed a battery of tests around 
Phase II or III clinical trials, fulfilled the regulatory 
requirements of the pharmacopoeia and were done. In 
today’s complex world of biologics, success demands 
a more thoughtful approach and drug developers are 
investing in advanced analytics much earlier in the 
development process. 


Product characterization is the essential foundation 
for successful biological drug development. In-depth 
knowledge of a product’s chemistry, structure, and 
biological activities facilitates easier process design to 
ensure the drug attains critical product safety, purity, 
and potency, as per ICH Q6B. Interrogation of product 
attributes using high resolution tools and techniques 
provides answers to crucial questions early on, such 
as: What are the structural attributes of the drug? 
And, how does this drug function biologically? Key 
is understanding the relationship between the basic 
physicochemical profile and biological activity and 
how this relationship affects clinical performance thus 
enabling a developer to make informed decisions that 
accelerate development and reduce risk throughout the 
product’s life cycle.


What makes biologics different?
The complexities of biological manufacturing, the large 
size of the molecules, and the product heterogeneity 
introduced by cellular expression systems present 
significant challenges to measuring the quality of 
a biologic drug. During the early phase of drug 
development, much about the drug’s quality attributes 
is unknown and must be established empirically by 
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In the case of mAbs, crucial information includes 
how strongly the drug binds its target(s) and to what 
extent it engages the immune system to bring about 
cell-mediated and/or complement-mediated cytotoxic 
effects. When combined, all the physical/structural, 


binding and biological activity data help to establish 
whether the product has suitable attributes for its 
intended use in the clinic (Figure 1).


Why early investment in product characterization 
is key for biologics 


Issues such as sample availability and cost prevented 
developers from routinely applying available, powerful 
and high-resolution product characterization methods 
during early preclinical development. However, for a 
growing number of biologic developers, investing in 
high-powered analytics at this early stage frequently 
mitigates risks throughout the product life cycle by 
eliminating many unknowns. Early understanding 
of the product, particularly its structure-function 
relationship and heterogeneity helps to ensure the right 
choices are made at key milestones during product 
development. Stages such as clone selection, upstream 
and downstream process optimization, critical quality 
attribute determination, and media development are 
important check points. Ultimately, a subset of these 
methods is used for lot release and stability testing in 
GMP manufacturing of drug substances for clinical trials 
and to support comparability studies following changes 
in manufacturing. 


Physicochemical and structural characterization 
in mAb products, as typical biologics


Comprehensive analysis to understand the links 
between structural properties and required quality 
attributes may include: 


• Primary amino acid sequencing


• Intact molecular weight (MW) (LC-MS)


• De-N-glycosylated MW (LC-MS after enzymatic 
deglycosylation)


• Purity, reduced and non-reduced (capillary 
electrophoresis (CE-SDS))


• Monomer/aggregate and fragment content (size 
exclusion chromatography/UV detection + dynamic 
light scattering)


• Charge profile (capillary isoelectric focusing (cIEF))


• Peptide mapping (LC-MS/MS) to identify and quantify 
post-translation modifications (PTM)


• Disulphide bond analysis (especially for IgG2/IgG4 
mAbs)


• Glycan profiling (N-glycan map) 


• Protein structure and dynamics (Hydrogen Deuterium 
Exchange Mass Spectrometry (HDX-MS))


Figure 1. Basic physicochemical and structural attributes, binding and biological activity are the three pillars of product 
characterization for biologics.
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Differences or changes in physicochemical properties, 
post-translational modifications, and higher order 
structure can significantly affect product quality 
attributes, presenting a risk to drug product efficacy, 
purity, safety, and stability. HDX is an emerging 
method of choice for detailing 3-D structure in proteins. 
It can be used to monitor for changes in drug products 
during modifications in the manufacturing process 
or for stability and has been applied in comparability 
studies for biosimilar mAbs. The physicochemical and 


structural analysis listed can uncover heterogeneities 
and impurities with potential clinical implications, such 
as altered binding, changed immune effects, and/or 
other issues resulting in loss of potency or increased 
immunogenicity. Examples are shown in Table 1. 


Technological innovations have now allowed high-
throughput physicochemical and structural testing 
requiring only small volumes of material. These tests 
can be performed early to screen for clones that 
produce a drug with the required quality attributes. 


N-glycan profiling: an example of risk mitigation 
through directed product characterization 


Monitoring the structural properties and natural 
heterogeneity of a product in relation to its bioactivity 
can demonstrate which attribute variations are likely 
to affect drug function. It can also provide the basis for 
ensuring that the upstream and downstream processes 
generate products with consistent profiles. Incidentally, 
it’s important to note that host cell line and 
fermentation conditions also influence glycosylation, 
adding to the potential overall heterogeneity.


The glycan structure of monoclonal antibodies includes 
sugars such as fucose, galactose, mannose, sialic acid, 
and N-acetylglucosamine moieties. These are added to 
specific amino acid sites of the Fc region. The nature 
and extent of the glycans is dependent on the host cell, 
growth media and environmental conditions. This key 
structural inconsistency is an excellent example of a 


source of significant heterogeneity. Variations can lead 
to altered binding affinity for immune components such 
as the Fcγ receptors on immune cells or complement 
component C1q, altered macrophage activity, and 
increased immunogenicity with altered pharmacokinetic 
and pharmacodynamic properties. For example, 
alterations in Fcγ-IIIA receptor binding influence 
Antibody-Dependent Cell-mediated Cytotoxicity (ADCC) 
activity, whereas changes in C1q binding properties 
can change Complement Dependent Cytotoxicity (CDC) 
activity. Ensuring product quality with maintenance of 
the intended mAb immune effector function requires an 
advanced glycan analysis method as well as sensitive 
assays and techniques to assess binding and functional 
activity in cells. 


For example, consider the N-glycan analysis of 
adalimumab (Humira®). Peptide mapping is a principal 
approach to confirm antibody identity, but it can 
also provide information on PTMs (Post-Translation 


Table 1. The ultimate goal of product characterization is to optimize production and anticipate and prevent 
adverse clinical outcomes, as shown.


Attribute
Source of heterogeneity/ 
impurity Possible clinical implications


Primary structure Primary aa sequence Altered binding to target antigen, effector 
components, changes to HOS, Loss of stability


Glycan structure, e.g. Impact on binding to FcγR/FcRn/C1q and 
subsequent effector functions


• Sialic acid Immunogenicity and effector functions


• Fucosylation G0 isoform fucosylation impacts ADCC activity


Deamidation/Oxidation Potential impact of target binding if Met/Asn 
residues in antigen binding region


Higher Order Structure (HOS) Di-sulphide bridge structure  Loss of HOS required for optimal functionality


(IgG2/IgG4)


Impurities Aggregation Potential to increase immunogenicity


Potency may be affected


Variants Charge variants Altered binding affinity to FcγR/FcRn


Potency may be affected
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Modifications), including oxidation, deamination, and 
glycosylation. In addition, an orthogonal approach can 
be used to get a more detailed understanding of Fc 
N-glycan structure via Liquid Chromatography Mass 
Spectrometry (LC-MS) or fast glycan analysis using 
capillary electrophoresis-laser-induced fluorescence 
(CE-LIF). As shown below, this knowledge of the glycan 
structure is key as it facilitates understanding of the 
binding characteristics between Fc regions and immune 
components as well as resultant potency and efficacy of 
the final product. 


Functional analysis correlates basic chemical 
properties with binding and biological activity 


To achieve a level of product understanding that 
enables risk reduction, the chemical analyses described 
earlier, must be complemented with sensitive binding 
and cell-based assays that reflect the possible 
mechanisms of biological activity in vivo. The goals are 
to determine the significance of structural attributes 
and variability on a drug’s biological function or, in the 
case of biosimilars, assess the functional significance of 
differences between molecules.


In the case of mAb products, it’s important to 
remember that clinical efficacy relies on the 
combination of multiple biological functions performed 
by both the Fab and Fc regions of the molecule 


(Figure 2). Fab regions bind to specific antigenic drug 
targets that typically mediate biological effects, such 
as induction of cell death or cell proliferation. Once 
the antibody is bound to its target, Fc regions may 
bind to Fcγ receptors on immune cells, the neonatal 
Fc receptor (FcRn), or the C1q complement protein. 
In all these cases, binding affinity is a critical quality 
attribute that needs to be well characterized. Binding 
to the target antigen itself triggers additional biological 
effects such as ADCC, CDC, or antibody-dependent 
cell-mediated phagocytosis (ADCP), which must also be 
measured. Understanding of all the possible biological 
activities in relation to the antibody’s intended action(s) 
and therapeutic effect enables selection of the most 
appropriate characterization methods for that product.


Rituximab, an example of a drug in which clinical 
efficacy depends upon combined functions mediated 
by both the Fab and Fc Regions, is used to threat a 
variety of cancers. After initial binding to its target, the 
epidermal growth factor receptor, this binding inhibits 
proliferation of the target cancer cells. The antibody 
can then harness the immune system by binding to 
FcγIIIa receptors and Cq1, eliciting both immune cell 
and complement-mediated tumor cell lysis. In a case 
like rituximab, knowing that multiple immune system-
mediated effects are important suggests that early 
inclusion of effector function capability testing in the 
characterization package may provide valuable insight.


Figure 2. Binding at multiple locations on the mAb — and resultant activity — must be considered.


mAb functional characterization: Fab- and Fc-mediated activities


BINDING ACTIVITY 


• Fab binding to antigenic drug 
target determines specificity of 
drug in vivo.


• Affinity of binding is a critical 
quality attribute which needs to 
be very well characterized. 


BIOLOGICAL ACTIVITY


• Binding to target triggers the 
desired biological effect. 


• Fab-mediated mechanisms may 
often be supplemented with Fc 
region mediated effector 
functions following binding. 


BINDING ACTIVITY 
The Fc region can bind to: 
 • Fc receptors on immune cells 
 • The neonatal Fc receptor (FcRn) 
 • The Clq component of 


   complement 
These interactions can bring about 
‘effector’ functions which may be 
important to mAb therapeutic efficacy. 


BIOLOGICAL ACTIVITY
• Antibody-dependent cell-mediated 


cytotoxicity (ADCC). 
• Complement dependent cytotoxicity 


(CDC). 
• Antibody-dependent cell-mediated 


phagocytosis (ADCP).
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Separate assays are needed to characterize Fab- 
and Fc-mediated binding and activity


Testing the Fab region’s binding affinity for the target 
antigen is often the first characterization assay used 
during process development to help select clones and 
establish preliminary process conditions. This binding 
affinity is a critical quality attribute that must be well 
understood. 


Once binding has occurred, a relevant assay is needed 
to characterize the resultant biological effect(s). This 
is a challenge because often the mechanism is initially 
unknown and multiple assays may be required. 


Similarly, Fc receptor and C1q binding affinities and 
their effects on ADCC, CDC, and ADCP functions must 
also be tested individually, using sensitive cell-based 
assays (Figure 2). Understanding all the possible 
biological activities of your antibody enables selection 
of the most appropriate characterization methods to 
establish and monitor the critical quality attributes 
(CQA) of your product.


Optimal technologies and approaches 
for characterization of binding and 
biological activity


Binding kinetics 


Surface plasmon resonance (SPR) has become the 
industry standard technology for analyzing both Fab- 
and Fc-based antibody kinetic binding interactions. This 
method of kinetic analysis is more informative than 
ELISA assays in that it provides real-time association 
and dissociation rates. In addition, it is a label-free 
rapid process with low volume requirements, making it 
ideal for early characterization use as well as for testing 
at GMP scale. In some cases, ELISA cell-based binding 
assays using flow cytometry may be useful orthogonal 
options. 


Functional activity


How strongly does the antibody bind to the expected 
target? What biological activity does this binding bring 
about? Does the antibody engage immune system 
components (NK cells, complement, macrophages) to 
bring about effector functions? Evaluating functional 
activity before beginning clinical trials mitigates the 
risk of selecting a drug with poor efficacy. However, 
establishing sensitive, cell-based assays that reflect 
possible modes of mAb activity in vivo can be 
challenging. Not only are multiple assays required, 
as discussed above, but fresh primary cells, such 
as PBMCs, natural killer cells, and macrophages 
must be sourced. Insight, experience, and the right 
instrumentation make a big difference, so partnering 
with a good outsource provider is often a good strategy. 


Case study of mAb product 
characterization: adalimumab


Mechanism of action


Adalimumab is an IgG1 antibody, and popular 
biosimilar drug, that neutralizes soluble cytokine tumor 
necrosis factor (sTNFα) preventing it from binding 
to TNF receptors, blocking TNF’s pro-inflammatory/
pro-apoptotic effects — a benefit for patients with 
rheumatoid arthritis, psoriasis, and other TNF-mediated 
inflammatory conditions. In addition, adalimumab can 
also bind cell-membrane-associated TNF, resulting in 
the potential for Fc-mediated ADCC and CDC effects. 


Binding affinity of antibody (Fab) for its target


The first steps of manufacturing a monoclonal antibody 
involve developing a cell line to express the molecule. 
Transfection of the genes coding for the antibody 
is followed by selection of a high-producing clone. 
Deciding on which clone can be a challenge as the 
process starts with many thousands of clones and 
selects down to a single choice. Along with productivity 
and stability of cell growth, binding affinity for target 
antigens will inform clone selection, necessitating 
measurement of this activity very early in development. 
In this case, an assay using a capture approach to 
immobilize adalimumab, followed by kinetic binding 
analysis via SPR at multiple TNFα concentrations, was 
applied to generate a dissociation constant (KD). We 
can estimate how effective the binding shall be from 
earlier published data.


Biological consequence of Fab binding 


Once we have established our chosen antibody has 
an effective binding capability to its target,  the 
consequence of binding should be established. In this 
case, the antibody’s target is TNFα, and the desired 
effect is its neutralization. This is measured in a cell-
based assay with increasing survival of cells that are 
sensitive to treatment with TNFα as we increase the 
concentration of the antibody to neutralize TNFα. A 
custom BioReliance® relative potency assay utilizing 
L929 (mouse fibroblast) target cells was developed 
to assess the adalimumab-mediated protection from 
toxicity following treatment with human TNF. Results 
obtained using a sensitive luminescent reagent 
endpoint to monitor the decrease in target cell 
death confirmed dose-dependent neutralizing effects 
on TNF activity, as expected. This kind of assay is 
challenging to develop but worthwhile as it can often 
be repurposed for lot release and stability testing later 
in development. 
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SPR to characterize antibody (Fc) binding 
interactions


After we have understood the primary mechanism of 
action of the drug, we can then turn to the secondary 
features. This is often done using a panel of assays that 
test binding of mAb Fc regions to all the Fcγ receptors 
(FcγRI, FcγRIIA, FcγRIIB, FcγRIIIA and FcγRIIIB), 
as well as the neonatal Fc receptor (FcRn), providing 
insights into the real-time kinetics of these binding 
interactions. Two assays were applied to study both 
the valine (V) and phenylalanine (F) isoforms of the 
FcγIIIa receptor, as these display potentially clinically 
relevant differences in binding. The result was that KD 
for all these interactions ranked as follows: FcγRI > 
FcγRIIIA(V) > FcγRIIIA(F) > FcγRIIIB.


Biological consequences of Fc binding


If an antibody has been identified to bind to a particular 
Fcγ receptor we then need to dig a little deeper into the 
extent of this activity using a cell-based assay. ADCC 
can be used to measure the cell killing induced by a 
mAb binding to a cell-associated target antigen, with 
subsequent binding of immune effector cells (via Fcγ 
receptors) leading to natural killer cell degranulation 
and destruction of the target cell (Figure 3).


In the case of adalimumab, factors likely to affect 
ADCC activity had to be considered. Firstly, Fc glycan 
profiling — in this case, the level of fucose glycosylation 
— needed to be investigated as we know it can greatly 
influence the binding of FcγRIIIA to the Fc region. 
Secondly, SPR binding affinity data had to be consulted. 
The last piece of data to provide the necessary insight 
into structure-function relationship was provided by a 
custom, cell-based potency assay using TNF-expressing 
target cells and primary human peripheral blood 
mononuclear cells (PBMCs) to definitively measure 
cytotoxicity. 


Figure 3. Linking three layers of information to characterize a mAb’s ADCC activity: glycan structure of the Fc region, Fcγ Receptors or FcRn data 
and cell-based potency assay measuring cytotoxicity.


X







><


7


CDC activity as a product of Fc binding 


CDC assays measure the cytotoxic effect induced by 
mAb binding to a cell-associated target antigen and 
subsequent Fc-mediated binding to a C1q complement 
protein. The binding of the complement leads to 
formation of a membrane attack complex (MAC) and 
lysis of the bound cell. Again, for adalimumab, glycan 
profiling was important as Fc terminal galactose can 
impact binding affinity for C1q. An ELISA assay to 
measure Fc binding to C1q was created; then, the 
antibody’s actual in vitro CDC activity was tested using 
an appropriate, specially developed, cell-based assay 
with high sensitivity.


Different physiological applications may require 
different characterization strategies


Adalimumab is used in the treatment of rheumatoid 
and inflammatory bowel disease (IBD), as well as other 
indications. When we test for antibody effector function 
activity such as ADCC or CDC, we use cells that express 
membrane-bound TNF to reflect the in vivo clinical 
situation associated with IBD. In IBD, a significant 
proportion of the TNF targeted for suppression is bound 
to cells in the intestinal mucosa. This is very different 
from most of the inflammatory conditions adalimumab 
is used to treat, in which the antibody must bind 
soluble TNF. Hence, different mechanisms of action may 
be important, depending upon clinical context. Clearly 
this needs further investigation in a clinical setting.


Key Points
Early stage adoption of comprehensive product 
characterization, from clone selection to development 
of an optimal manufacturing process reduces risks in 
biologics development. An in-depth understanding of 
product and process design ensures the required safety, 
purity, identity, and potency profiles are achieved 
by shedding light on how the manufacturing process 
influences these profiles and what levels of product 
heterogeneity can be tolerated while still maintaining 
the desired functionality. This characterization can then 
help understanding of the product’s clinical functions. 
Product characterization requires a wide variety of 
analytical methods, advanced instrumentation, and 
expertise in method development and interpretation, 
so outsourcing these activities may be beneficial, 
especially where this enables access to high resolution 
data and the option of orthogonal approaches, 
which provide enhanced product understanding. A 
broadly capable partner that provides a combined 
offering of physicochemical, structural, and functional 
characterization in an orthogonal manner can simplify 
the product characterization process and help ensure 
the product has the relevant quality attributes for its 
intended use.
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The Millipore® portfolio of MilliporeSigma offers an 
ecosystem of industry-leading products and services, 
spanning preparation, separation, filtration and 
monitoring – all of which are deeply rooted in quality, 
reliability and timetested processes. Our proven 
products, regulatory and application expertise are 
a strong foundation you can rely on to consistently 
perform at the highest level.


The Milli-Q® portfolio of lab water solutions of 
MilliporeSigma takes care of all your water quality and 
purity needs. Our solutions are backed by consistent 
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letting you focus on your vital work.
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Areas of Research
Neuroscience	 SigmaAldrich.com/neuro


•	 Development, Differentiation, Neurogenesis
•	 Axon Guidance, neurotrophic Factors
•	 Neural stem cells
•	 Neurotransmission (receptors, ions Channels & carriers, GPCR)
•	 Neurodegenerative diseases: Alzheimer, Parkinson, Huntington
•	 Oxidative Stress


Cell Signaling	 SigmaAldrich.com/cellsignaling


•	� Extra cellular signaling (GF, cytokines & chemokines, secondary messengers, GPCR,  
ions channels, kinases)


•	 Intra cellular signaling (post translational modifications, G-Proteins & lipids)
•	 Nuclear signaling (post translational modifications and transcription factors)


Epigenetics	 SigmaAldrich.com/epigenetics


•	 Chromatin  & ChIP
•	 Modified Histones (HDAC, HMT, HAT)
•	 DNA Methylation
•	 RNA-Protein interaction & RIP
•	 Cell Cycle
•	 Telomere


Cell Culture & Stem Cell	 SigmaAldrich.com/cellculture


•	 Classical cell culture: Immortalized cell lines, media and supplements
•	� Stem cells & IPS: Cells, media, additives, differentiation reagents, characterization kits for 


human pluripotent, human neural, mesenchymal, hematopoietic and mouse stem cells
•	� Primary Cell Culture: Optimized Media, cells and kits for Endothelial cells, Epidermal skin 


cells, Fibroblasts, Osteoblasts, Cardiac myocytes, Mononuclear cells, Human Pericytes, 
Macrophages


Immunology & Metabolism	 SigmaAldrich.com/immunoassays


•	  MILLIPLEX® Kits, ELISA, Single Molecule Counting Kits
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training, Sigma-Aldrich 
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Analytical Chemistry  
Sample purification 
and preparation 
• �Silica gel 


chromatography: silica, 
pre-pack cartridges, 
Supel™Flash Cartridge


• �SPE, SPME, BioSPME, 
SLE, ZipTip®


• �Filtration Vials:  
Mini-UniPrep®  
GE Healthcare


Filtration
• �Millipore® membranes 


and Syringe filters 
Millex®, Whatmann 
membranes


• �Samplicity™ System,  
MultiScreen® plates and 
vacuum pumps


Sample Analysis
• �HPLC, UHPLC, GPC/SEC 


(Tosoh), GC columns


• �AVANTI: Mass 
spectometry standards 
for lipidomics and 
metabolomics 


• �Spectroscopy  
(IR, UV-VIS, Raman)


• �HPLC & GC accessories 
(Vials, Syringes, Septum, 
Liners, Connectors, 
Purifiers)


• �Analytical Standards, 
derivation agents, 
solvents (HPLC, GC, 
LCMS)
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• �Poly(Ethylene Glycol) 
and Poly(Ethylene 
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• �Hydrophilic and 
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• �Biodegradable and 
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Cell Biology
Sterile Filtration
• �NEW Eco-Friendly 


Stericup® E/Steritop® E, 
Stericup® Quick Release, 
Steriflip® and Millex® 
with either our Millipore 
Express® PLUS (high 
flow rate) or Durapore® 
(lowest protein binding) 
membranes


Cell Culture 
Support
• �Flasks, Petri dishes, 


pipettes, tubes and 
consumable Corning®, 
BRAND® & Eppendorf®


• �Cell culture on 
microporous membrane 
with Millicell® inserts, 
24- and 96-well plates, 
Corning® Transwells


• �EZ SLIDE™ cell culture 
multi-chamber slides, 
HY-Flask & Hyperflask™


• �Coated strips & plates


Cell Culture media, 
reagents and 
additives
• �General & specialised 


media for Primary cells & 
Stem cells (iPS, Stem cells: 
neuronal, mesenchymal, 
epithelial, endothelial)


• �Additives: Water, Buffers 
(HEPES, PBS), Antibiotics, 
Dissociation reagents 
(Trypsin, Accutase™), 
Inhibitors, Enzymes, 
Growth factors (LIF, FGF, 
bFGF) and extracellular 
matrix proteins (Laminin, 
Poly-Lysine, Fibronectin)


• �Serum: diverse species and 
origins. Batch tests and lot 
reservations


• �Cell lines ECACC, EBiSC, 
PromoCell & MilliporeSigma


• �Cell freezing media, 
reagents (DMSO, 
CryoStor™, 
CryoSOfree™) and 
containers (CoolCell™ 
alcohol-free, CoolBox™)


3D Cell Culture 
• �Microchips: Mimetas 


3-Lane OrganoPlate®


• �Hydrogel Scaffolds i.e. 
ECM Gel, MaxGel, 
TrueGel3D


• �Structural Scaffolds:  
3D inserts, Nanofibers


• Biocompatible matrices


• �3D Organoids: Human 
specific cell types


• �Stem Cell Qualified  
ECM gel, ECMatrix™ 511 
E8 Laminin


Cell counting, 
analysis and 
accessories 
• �Scepter™ 2.0 the 


automated handheld  
Cell counter using the 
Coulter principle for 
rapid, precise and 
reliable cell counts


• �Millicell® ERS-2 Volt-
Ohmmeter: Reliably 
measures membrane 
potential and resistance 
of epithelial cells in 
culture


• �CellASIC® ONIX2 a 
microfluidic platform for 
live cell imaging and 
time lapse studies for a 
variety of cell types


Devices
• �Centrifuges, Shakers 


Eppendorf®


• �Lab bench Equipment 
from Corning®: Shaking 
Incubators, Cell counter, 
Centrifuges
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Molecular Biology
Nucleic Acid 
Purification
• �GenElute™ & Roche® Kits 


(columns Quick Spin, 
Genopure kits & High 
Pure) for extraction and 
purification of plasmid, 
genomic DNA & RNA, 
PCR products 


• �Tri Reagent®: Reagent 
for total RNA, DNA and 
proteins extraction, DNA 
and proteins extraction 


• �Kits Extract-N-Amp: 
quick and easy 
genotyping on tissue, 
plant, blood 


• �Microcon, MultiScreen®  
96 plates and  
Millipore® Montage kits


Nucleic Acid 
Amplification
• �BRAND® PCR products 


(tubes, strips, plates and 
accessories) 


• �PCR: Standards Taq and 
high-performance 
Jumpstart, KOD, 
KAPA2G, EagleTaq, from 
Roche and Kapa, water 
RNase, DNase free, 
buffers, dNTP


• �Genome and 
Transcriptome 
Amplification: WGA/ 
WTA for total 
amplification of your 
precious samples


• �Oligonucleotides  
DNA & RNA (standards, 
modified, purified)


• �Thermocyclers, 
Thermomixers & Mixers 
Eppendorf®


• �Digital heaters, 
Microplate shakers, Mini 
centifuges, Orbital 
shakers, Vortex shakers 
- Corning®


• �RT-PCR: Enzymes 
(eAMV™, M-MLV, 
Transcriptor Reverse 
Transcriptase) and kits 
(ReadyScript® cDNA 
Synthesis Mix, 
Transcriptor HiFi cDNA 
Synth. kit) for cDNA 
synthesis


Nucleic Acid 
Quantification 
• �SYBR® Green kits/ 


probes (Roche, KAPA, 
Sigma-Aldrich) 
compatible with all 
equipment


• �KiCqStart® range: 
predesigned primers & 
probes (individual and 
panels formats)


Synthetic Biology 
• �Cloning & expression 


Vectors pET, SnapFast™ 
(Oxford Genetics), 
pUC19 


• �Over expression of 
MISSION® TRC3 genes, 
collection of 50,000 
human ORFs precloned 
in lentiviral system 
(pLX304, pLX317)


Functional 
Genomics
• �Custom and predesigned 


siRNA, Custom and 
Predesigned MISSION® 
siRNA


• �MISSION® shRNA: 
almost 200,000 pre-
cloned shRNA vectors 
targeting more than 
22,000 human and 
20,000 mouse genes 
(standard glycerol 
format, plasmid DNA 
and lentiviral particles)


Genome Editing
• �CRISPR technology: 


All-in-one plasmid, 
mRNA, Lentiviral & 
synthetic gRNA. Broad 
range of Cas9 proteins 
(spCas9, espCas9, 
Nickase, Cas9-GFP, 
espCas9-GFP). Arrayed 
and pooled libraries 
(GeCKO, Sanger)


Cell Transfection 
• �Roche (X-tremeGENE™), 


Sigma-Aldrich 
(MISSION® siRNA 
Transfection Reagent), 
and MilliporeSigma 
(GeneJuice®, 
NanoJuice®): for plasmid 
DNA, siRNA or RNP 
transfection


Bacterial 
Transformation
• �Competent cells 


Novablue Cells, BL21, 
Rosetta™


• �Molecular cloning tools: 
recovery media for 
cloning and expression, 
for use with competent 
cells


• �Antibiotics: G418, 
Hygromycin, Kanamycin, 
Ampicillin


• �Cell culture media for 
protein synthesis 
autoinduction (without 
IPTG) Overnight 
Express™
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Protein Preparation, 
Purification and 
Concentration
Extraction
• �Lysis buffer for protein 


extraction (Bugbuster® et 
Cellytic®)


• �Lysis enhancer 
rLysozyme™, Nucleic acid 
depletion : Benzonase®


• �Proteases and 
phosphatases inhibitors 
cocktails (Roche 
cOmplete™ and 
SIGMAFAST™)


• �Subcellular fractions :  kits 
ProteoExtract®, S-PEK, 
Membranes : M-PEK


Concentration, 
Diafiltration, 
Purification
• �PureProteome™: Magnetic 


beads for IP


• �Resin and cartridges 
(Nickel, Protein A, G)  
GE Healthcare and Tosoh


• �Anti-FLAG antibodies


• �Amicon® Ultra Centrifugal 
Filters - Fast and easy 
protein concentration


• �Amicon® Stirred Cell  
50 mL, 200 mL and 
400mL concentration


• �Amicon® Pro:  
For purification, 
concentration & 
diafiltration


• �D-Tube™: easy dialysis, 
volumes from 10 μL  
to 20 mL


• �Protein Depletion kits 
Seppro®


• �Protein Quantification Kits 
BCA, Bradford


Protein Detection 
Antibodies
• �Primary and secondaries 


antibodies (anti HIS, 
Flag) validated and 
guaranteed


• �Prestige® Antibodies 
(HPA Atlas)


• �ZooMAb® Antibodies


Duolink® Proximity 
Ligation Assay
• �Detection, cellular 


localisation and 
quantification of protein-
protein interaction for 
detection in Low 
cytometry or 
Immunohistochemistry


LEARN MORE AT:


SigmaAldrich.com/
antibodyexplorer


LEARN MORE AT:


SigmaAldrich.com/ 
amicon 
SigmaAldrich.com/
proteinresearch
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 Denotes Milli-Q® products 
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Western Blotting
Buffers, reagents, 
detergents 
• �PBS, Glycine, Tris, 


Acrylamide, Tween, Hepes


Gels
• TruPAGE™ Precast Gels 


Transfer Membranes 
• �Immobilon®-P PVDF  


0.45 μm pre-cut and roll


• �Immobilon®-PSQ PVDF 
0.22 μm for proteins 
<20KD


• �Immobilon®-FL PVDF 
0.45µm for fluorescent 
detection


• �Immobilon®-E new PVDF 
membrane without 
methanol pre-wet 


• �Immobilon® NOW transfer 
membrane rolls and 
dispensers


• �Amersham® Protran 
Nitrocellulose membranes


Blocking Reagents
• �Blok®-CH 


(chemiluminescence), 
Blok®-FL (fluorescence), 
Blok®-PO (phospho 
proteins)


Antibody Incubation
• �Immobilon® GO: 


Walkaway Western blot 
immunodetection


• �SNAP i.d.® 2.0 System: 
immunodetection 
completed in 30 mins


• �Immobilon® signal 
Enhancer: Combines 
signal amplification and 
blocking in one ready-to-
use reagent


• �SignalBoost™: enhances 
the desired signal in 
assays such as 
immunoblotting, dot 
blotting, and ELISA.   


Detection Reagents
• �Immobilon® Classico, 


Crescendo and Forte, 
premixed and ready to 
use detection reagent for 
a large range of 
sensitivity, long shelf life  


• �Immobilon® western HRP 
& Immobilon® ECL Ultra 
HRP substrates: 
exceptional sensitivity and 
long signal life in standard 
2-component format


ELISA
• �Neuro, Metabolism, 


Inflammation  
and Cell signaling


MILLIPLEX® 
kits & Luminex® 
Hardware
• �Up to 41 biomarkers 


testing in 25 μL de 
serum


• ��MAGPIX®, Luminex 200®, 
FlexMAP® 3D systems for 
biomarkes simultaneous 
quantification


Immunoassays
SMC Single 
Molecule Counting
• ��Ultra-sensitive 


biomarkers dosage 
(femtogram) kits & 
SMCxPRO™ system


Reader and washer
• ��Manual washer, 


automated washer 
Biotek® and ELISA Plate 
Reader


GE Healthcare


LEARN MORE AT:


SigmaAldrich.com/immunoassays
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LEARN MORE AT:


SigmaAldrich.com/westernblotting 
SigmaAldrich.com/proteinresearch


• �GE Healthcare detection 
reagents: Amersham® 
ECL™ Start, Amersham® 
ECL™ Prime, Amersham® 
ECL™ Western Blotting, 
Amersham® ECL™ Select


Membrane 
stripping:
•	�ReBlot™ Plus Western 


stripping solution.  
“Mild”  
and “Strong” 
formulations. Quick, 
efficient, odourless, 
active at room 
temperature. 
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Cell Culture Products Molecular Biology Protein Workflow Chemistry
BRAND® Culture tubes 
(rimless, screw caps)


BRAND® Microcentrifuge 
tubes


BRAND® microplates Pipette holder


BRAND® Cryogenic tubes 
screw caps


BRAND® Pipette tips BRAND® Microcentrifuge 
tubes


Pipette


BRAND® Microtubes Transferpette S® | Pipettor BRAND® Pipette tips BRAND® Erlenmeyer flasks
BRAND® Erlenmeyer flasks HandyStep® Touch Transferpette S® | Pipettor BRAND® Beakers
BRANDPlates™ Strip  
plates and inserts


BRAND® PCR plates, strips 
and films


HandyStep® Touch BRAND® stirrers


BRAND® Cell culture 
chambers


Sample tubes BRAND® PCR plates, strips 
and films


BRAND® Volumetric


Cuvettes Sample tubes BRAND® filter flasks
Serological pipette BRAND® Cylinders
Accu-Jet Pro / Pipettors BRAND® Pipettes,  


Pipettors and Tips
BRAND® Volumetric BRAND® Dispensers
BRAND® stirrers BRAND® UV Cuvettes
BRAND® Beakers BRAND® Funnels
BRAND® Multiwell plates


Corning® Cryogenic Vials Corning® Filters Corning® Microplates
Corning® Pipettes Corning® Centrifuge Tubes
Corning® Culture Dishes Corning® Cloning Cylinders
Corning® Plastic Cell 
Culture Flasks


Corning® PCR tubes


Corning® Roller Bottles Corning® Sample Cooling 
and Heating


Corning® Spinner Flasks Corning® Microcentrifuge 
Tubes


Corning® Erlenmeyer 
Flasks and Fernbach Flasks


Corning® Microplates


Corning® Culture Tubes Corning® Slides
Corning® Cell Cube 
Modules


Constant Temperature 
Equipment


Agitation Equipment
Corning® Netwells
Corning® Microplates
Corning® Cell Counter
Easypet 3 pipette 
controller


Research plus Pipette Research plus Pipette


Serological Pipettes Centrifuges Centrifuges
Automated Pipetting Tubes & Plates Tubes & Plates
Dishes, Flasks & Plates Plates & Tips Plates & Tips
Bioreactors Automated Pipetting Automated Pipetting
Bioprocess Thermal Cycler Cuvettes
C02 Incubation Thermomixers
Pipettes & Tips PCR Consumables
Stem Cell Cultureware Cuvettes


DNA amplification Affinity purification | Hi 
Trap columns


Whatman™ Filter Paper


RNA Isolation Purification media Whatman™ 
Chromatography Products


Clean up kits Whatman™ filtration
Whatman™ microplates Amersham Protran 


nitrocellulose membranes
ECL™ Select
ECL™ Start Western 
Blotting reagents
ECL™ Prime
Hyperfilm™ ECL
Hyperfilm™ MP
Scienceware gel  
incubating Trays


Premier Alliances - Laboratory Equipment
Wide portfolio inclusive of instruments and consumables. Ranging from pipettes, NMR tubes, weighing 
boats, filter paper, PCR plates, syringes to centrifuges, sterile filtration units and water systems.


LEARN MORE AT:


SigmaAldrich.com/brand  
SigmaAldrich.com/corning 
SigmaAldrich.com/eppendorf 
SigmaAldrich.com/ge


GE Healthcare
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Pure and Ultrapure water 
production systems


Labwater


LEARN MORE AT:


SigmaAldrich.com/labwater


Milli-Q® IQ 7003/7005,  
Elix Advantage
Those systems answer to all 
your needs: HPLC, LC-MS, 
molecular biology, cell culture, 
buffers preparation, 
dishwasher


LC-Pak®


Water for ultra trace 
organic sensitive 
applications


VOC-Pak®


Water for volatile organic 
compounds related 
analysis


Millipak® & sterile 
Millipak® Gold
Bacteria-free &  
particulate free water


Biopak®


Pyrogen-, nuclease-, 
protease-, bacteria-free 
water


EDS-Pak®


Water for endocrine 
disruptor related 
applications
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STAYCONNECTED 
Sign up today for the latest Product Updates,  
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A Leader in Providing 
Innovative Contract Services


Comprehensive 
services


•	Comprehensive 
biosafety testing 
services


•	Global facilities 


•	Technical and 
regulatory support


•	Dedicated program 
management, online 
iNet system for real 
time reports


MilliporeSigma BioReliance® testing services is the leading provider of contract 
services in the biopharmaceutical industry, supporting every phase of the 
testing, development and manufacturing process and offering a comprehensive 
and integrated package of services. Our clients include producers of traditional 
pharmaceuticals, medical devices, chemicals and other products, as well as 
biopharmaceuticals.


Support for all phases of drug development


Service Preclinical Phase I Phase II
Phase 


III
Commercial


Cell banking & 
testing


    


Raw materials 
testing


    


Lot release testing     


Clearance 
validation


 


Virus 
manufacturing


    


Genetic toxicology 


The life science business of Merck KGaA, Darmstadt, Germany operates as MilliporeSigma in the U.S. and Canada.







Biosafety Testing
We test cell banks, raw materials, 
bulk harvest and final products for a 
wide range of contaminants. With over 
300 molecular biology tests alone, 
our expertise in biologics testing is 
unrivalled.


Biorepository
Long & short term biorepository 
   storage of cell banks


Bulk Lot Release Testing
Sterility Testing
Mycoplasma Detection
Adventitious Agent/Virology Testing
Residual DNA Testing
Endotoxin Testing
Electron Microscopy Services
Bioburden Testing


Final Product Release Testing
Sterility Testing
Residual DNA Testing
Comparability & Lot Release Testing


Rabbit Pyrogen


Cell Line Characterization
Sterility Testing
Mycoplasma Detection
Adventitious Agent/Virology Testing
Cell Line Authentication
Genetic Stability Testing
Oncogenicity & Tumorigenicity Testing


Immunology & Cell Based Assay 
Services
Biopotency Testing
ELISA Assays
Host Cell Protein Assays


Next Generation Sequencing
Virus characterization
Adventitious agent detection
Genetic stability


Our Services


Raw Material Testing
Sterility Testing
Mycoplasma Detection
Adventitious Agent/Virology Testing
Residual DNA Testing
Endotoxin Testing
Bioburden Testing


Bovine & Porcine Testing


Viral Clearance Studies
Complete Clearance
Prion Detection & TSE Clearance


Viral Clearance Assays & Studies


Biomanufacturing Services
We are dedicated to meeting your 
manufacturing needs for the production 
of cell banks, viral seed stocks and 
viral vaccines. We specialize in 
biomanufacturing and provide the 
highest quality therapeutics. Our cGMP 
compliant production facilities and 
extensive regulatory experience provide 
support for product development and 
regulatory approval.


Production of cGMP cell banks  
  (human, murine, CHO & insect lines)


Production of clinical lots using viral 
vectors or cell therapies


Product Characterization  
for Biologics
Manufacturers of biologics require 
analytical testing to assess the quality 
and purity of the products for use in 
humans.


Stability Testing


Product & Reference Standard Characterization


Comparability & Lot Release Testing


Specialized Testing Services 
for Viral & Gene Therapy 
Products
Digital PCR
Rapid Sterility
Titer by TCID50
Residual DNA Sizing
CMV Promotor qPCR
Replication competent AAV (rcAAV)


Aggregation – Dynamic Light Scattering (DLS)


Toxicology
We have been a scientific leader in 
toxicology for more than 50 years–  
from safety testing the first polio 
vaccines in the 1950s to validating 
new transgenic mouse models 
for carcinogenicity testing. Our 
comprehensive toxicology services 
include a broad spectrum of in 
vitro and in vivo toxicology testing 
services designed in accordance 
with international guidelines and are 
conducted in full compliance with GLP 
regulations.


Genetic Toxicology
QSAR
Mutagenicity
Clastogenicity
Aneugenicity
DNA Damage


Regulatory & Technical 
Services
Advice on regulatory strategies
Data review and evaluations
Report writing and technical support
Response to regulatory authorities
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CeLL CULTUre
MeDIa 4CHO KIT


We shall not in any event be liable for incidental, consequential, 
indirect, exemplary or special damages of any kind resulting from 
any use or failure of the products. All sales are subject to our 
Terms and Conditions of Sale or an agreement between the parties 
governing the purchase and sale of the products, if applicable.


The life science business of 
Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma 
in the U.S. and Canada.







Cell Culture Media 4CHO Kit
Explore our platform offering for best success


Looking to improve your fed-batch 
process or consider perfusion as 
alternative?  
•	 This medium kit supports evaluation from cell 


expansion to production in fed-batch or perfusion 
mode.


•	 The kit includes 6 samples for R&D evaluation 
purpose (non-GMP).


•	 Media and feeds are compatible.


Benefits  
•	 Quick access to our compatible media platform.


•	 Formulations supporting diverse CHO cell lines from 
expansion to production scale.


•	 Expansion medium to optimally prepare the cells for 
production mode.


•	 Basal media formulations supporting different CHO 
cell line needs.


•	 High concentrated feed, neutral pH and simple 
hydration.


•	 Perfusion medium designed to support the nutrient 
requirements during continuous processing.







Cellvento® 4CHO-X Expansion Medium


Cell Expansion Medium	 3


Cellvento® 4CHO


Production Medium 	 4


Cellvento® 4Feed


High Concentrated Feed 	 4


EX-CELL® Advanced CHO Fed-Batch Medium


Production Medium (recommended for CHOZN®)	 6


EX-CELL® Advanced CHO Feed


Companion Feed	 6


EX-CELL® Advanced HD Perfusion Medium


Perfusion Medium	 3
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Media Selection Overview


Perfused Seed Train  
Cellvento® 4CHO-X Expansion Medium 
supports cell growth at low CSPR and 
is developed for perfused seed train 
application to spike high cell densities to 
the production bioreactor (N) to enhance 
performance in both fed-batch and 
perfusion. Suits as well as a cryomedium 
when supplemented with DMSO.


Perfused Seed Train (N-1) & 
Cryopreservation


Fed Batch Perfusion


Cellvento® 4CHO-X Expansion Medium EX-CELL® Advanced HD Perfusion 
Medium


EX-CELL® Advanced Medium
Cellvento® 4CHO 


+
EX-CELL® Advanced Feed


Cellvento® 4Feed


Recommended for all CHO cell lines


Not recommended for CHOZN® cell line


Fed-batch Applications  
Basal media EX-CELL® Advanced & 
Cellvento® 4CHO can be combined 
with Cellvento® 4Feed or a Feed Mix. 
Cellvento® 4Feed offers the benefit of 
higher concentration and incorporation 
of modified amino acids.


Perfusion Applications  
EX-CELL® Advanced HD Perfusion Medium 
supports perfusion in production scale. 
This medium can reach and maintain high 
cell densities at low cell specific perfusion 
rates (CSPR), while supporting high 
volumetric productivities.


CRD


N


Perfusion


CRD


N


Fed-batch
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Media for Perfusion Processes
Reconstitution Protocol


Cellvento® 4CHO-X 
Expansion Medium
103840 – Cell Expansion Medium  
1.	 Measure 0.9 L of Milli-Q® or 


similar cell culture grade water at 
room temperature (25 °C) in an 
appropriately sized container.


2.	 Slowly add 26.2 grams of medium, while stirring. 
Continue stirring for 30 minutes. Product will remain 
slightly turbid.


3.	 Add 1.565 g/L sodium bicarbonate to the solution. Stir 
continuously for 30 minutes.


4.	 Measure pH, which should be at pH 7.4 ± 0.3. Adjust pH 
to cell line specific optimum using 5N HCl if desired.


5.	 Add cell culture grade water to a final volume of 1 L. 


6.	 Measure the osmolality. Final osmolality should be at 
310-370 mOsmol/kg. 


7.	 Immediately filter using a sterilizing-grade (≤0.22 µm) 
bottle cap or capsule filter.


•	 Store at 2-8 °C protected from light.


•	 Reconstituted  liquid Cellvento® 4CHO-X Expansion 
Medium is stable for at least 90 days.


•	 When supplements are added, the liquid medium is 
stable for max. 4 weeks.


Ex-CELL® Advanced HD 
Perfusion Medium
24370C - Perfusion Medium


1.	 Measure 0.8 L of Milli-Q® or similar cell 
culture grade water at room temperature 
(15-25 °C) in an appropriately sized 
container.


2.	 Slowly add 28.57 grams of medium, while stirring. Continue 
stirring for 15 minutes. Product will remain slightly turbid. 


3.	 Measure pH and adjust to 9.1 ± 0.05 with 5N NaOH. 
Continue stirring for 10 minutes.


4.	 Adjust pH to 6.4 ± 0.1 using 5N HCl.


5.	 Add 1.565 g/L sodium bicarbonate to the solution and stir 
continuously for 15 minutes.


6.	 Adjust to pH 7.3 +/- 0.1 using 5N NaOH.


7.	 Add cell culture grade water to reach a final volume of 1 L.


8.	 Measure osmolality. Final osmolality should be at 320-360 
mOsmol/kg.


9.	 Immediately filter using a sterilizing-grade (≤0.22 µm) 
bottle cap or capsule filter.


10.	Store product at 2-8 °C protected from light.


•	 Reconstituted medium is stable for at least 30 days.
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Fed-Batch System 1
Reconstitution Protocol


Cellvento® 4CHO COMP
103795 - Production Medium


1.	 Slowly add 23.7 g of Medium to 0.8 L 
of Milli-Q® or similar cell culture grade 
water at room temperature (25 °C) in 
an appropriately sized container.


2.	 Allow to dissolve with vigorous mixing for 30 minutes 
(solution will still be slightly turbid).


3.	 Add 2 g/L sodium bicarbonate and stir until dissolved 
(~10 minutes).


4.	 Add cell culture grade water to a final volume of 1 L. 
Confirm a final pH of 7.0 ± 0.3. 


5.	 Measure the osmolality of the solution. Final osmolality 
should be at 310 ± 30 mOsmol/kg. 


6.	 Immediately filter using a sterilizing-grade (≤0.22µm) 
bottle cap or capsule filter.


7.	 Store at 2-8°C protected from light.


•	 Reconstituted liquid Cellvento® 4CHO medium is 
stable for at least 90 days.


•	 When supplements are added, the liquid medium is 
stable for max 4 weeks.


Cellvento® 4Feed COMP
103796 - High concentrated Feed


1.	 Slow add 130.35 g Feed to 0.8L of 
Milli-Q® or similar cell culture water 
grade at room temperature in an 
appropriate sized container.


2.	 Mix vigorously for 45 min until fully dissolved.


3.	 Slowly add NaOH to adjust pH to 7.0 ± 0.3.


4.	 Add cell culture grade water to a final volume of 1L. Confirm 
final pH of 7.0 ± 0.3.


5.	 Measure osmolality of the solution. Final osmolality should 
be 1220 ± 50 mOsmol/kg. Immediately filter using a 
sterilizing-grade filter (≤0.22µm).


6.	 Store at 2-8 °C protected from light.


•	 Reconstituted liquid Cellvento® 4Feed media is stable for 
60 days.


•	 When a bottle is opened, liquid feed is stable for max.  
3 weeks.
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Fed-batch System 1
Cellvento® 4CHO/4Feed Fed-batch


Recommendation for Fed-batch evaluation
Direct media adaptation


Cell lines may be adapted directly into Cellvento® 4CHO medium. 
Cells should be seeded at 3x105 – 5x105 cells/mL, then sub- 
cultured when densities reach 1x106–3x106 cells/mL and ≥ 80 % 
viability. Adaptation is complete when cells attain a stable doubling 
time (20-30 hours) and VCD ≥ 90 % over at least 2-3 passages.


Media supplementation


•	 Add 4-8 mM L-glutamine to Cellvento® 4CHO medium prior to 
use with non-GS CHO cells lines.


•	 Add 1x HT prior to use with non-dhfr systems.


Recommended Feeding Option


Initiate the feeding only when viable cell density is ≥ 2 x 106 cells/
ml and no earlier than day 3 (to avoid over-feeding). 


Maintain supplementation with feed supplements and glucose until 
culture viability is less than 80 %.


Terminate and harvest cultures when viability drops below 
50-70 %.


Experimental condition Operating Parameter


Culture type Spin tubes with vented cap


Initial working volume 30 mL


Inoculation density 2-3 x105 cells/mL 


Agitation rate 320 rpm


Temperature 37.0 ± 0.5 °C


Incubator pCO2 5 %


Media pH 7.0 +/- 0.3


Harvest criterion End culture when viability  
< 50-70 %


Sampling points Study days 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14


Feed volume 1 % – 6 % (v/v)


Feed schedule 48-72 hour feed intervals  
(See below for guidance)


Culture Day
Addition 
Order 1 2 3 4 5 6 7 8


9 or 
10 11 12 13 14


Cellvento® 4Feed (%v/v) 1 3 3 6 3 3


Glucose 2 Monitor daily and maintain at 4-6 g/L
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Fed-Batch System 2
Reconstitution Protocol


EX-CELL® Advanced CHO 
Fed-batch Medium
24366C - Production Medium


1.	 Slowly add 22.09 g of powder 
to 0.8 L of Milli-Q® or similar cell 
culture grade water (ambient 
temperature).


2.	 Mix vigorously for 15 min.


3.	 Measure pH and adjust pH to 5.0, stir for 5 min.


4.	 Add 1.9 g of sodium bicarbonate. Stir for at least 30 min.


5.	 Adjust pH to 7.2 ± 0.1.


6.	 Add water to 1 L. Confirm pH is 7.2 ± 0.1.


7.	 Measure osmolality (Specification: 280-320 mOsmol/kg).


8.	 Sterile filter the medium using a 0.22 µm low protein 
binding filter.


9.	 Store at 2-8 °C protected from light.


•	 Reconstituted medium is stable for 180 days after 
preparation (unopened) and stable for 30 days 
AFTER opening.


EX-CELL® Advanced Feed 1
24368C - Companion Feed


1.	 Measure approximately 0.8 L of 
of Milli-Q® or similar cell culture 
grade water (recommended water 
temperature is 25 °C to 40 °C).


2.	 Slowly add 34.1 g feed, while stirring.


3.	 Continually stir for 30 minutes. Product will remain slightly 
turbid.


4.	 Adjust pH to 9.5 ± 0.1. Continue mixing for 10 minutes. 
Product will be clear.


5.	 Lower pH to 8.5 using 5N HCl. Continue mixing for 10 
minutes.


6.	 Add cell culture grade water to a final volume of 1 L.


7.	 Immediately sterile filter with low protein binding filter 
membrane. (<0.22 µm).


8.	 Store feed at 2-8 °C in the dark until use. Discard any 
unused feed after one month.
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Fed-batch System 2
EX-CELL® Advanced Fed-batch


Recommendation for fed-batch evaluation
Usage Instructions:


Please add before use:


•	 L-glutamine (2-8 mM) for applications not using Glutamine 
Synthetase (GS) selection.


•	 HT supplement for applications not requiring Dihydrofolate 
Reductase (DHFR) selection.


Initiating cultures:


Thaw cell line according to own laboratory instructions, using pre-
warmed medium. Seed at cell densities 0.5 – 1.0 x106 cells/mL for first 
two passages before returning to normal maintenance cell densities.


Subculturing/Adaptation:


Subculturing - Ensure < 25% final volume carry over in the first 
few subcultures. Centrifuge if >25% final volume. Adaptation – 
perform step-wise medium adaptation at 25/75, 50/50, 75/25, 
100 % with current and EXCELL® Advanced medium. Perform at 
least 3-5 passages per adaptation ensuring VCD > 1.0 x106 cells/
mL and Viability >90 % before progressing.


Cryopreservation:


Freeze desired quantity of cells in 46.5 % cold medium, 46.5 % 
conditioned medium, 7 % DMSO. Freeze down using standard 
freezing procedures.


Experimental condition Operating Parameter


Culture type Shake flasks (E125)


Initial working volume 30 mL


Inoculation density 5-10 x105 cells/mL 


Agitation rate Own cell culture agitation rate


Temperature 37.0 ± 0.5 °C


Incubator pCO2 5 %


Media pH 7.2 +/- 0.3


Harvest criterion End culture when viability < 70 %


Sampling points Study days 3, 5, 7, 9, 11, 13, 14


Feed volume 5 % – 10 % (v/v)


Feed schedule 48-72 hour feed intervals (See 
below for guidance)


Culture Day
Addition 
Order 1 2 3 4 5 6 7 8


9 or 
10 11 12 13 14


EXCELL® Advanced Feed 1 (%v/v) 1 5 5 10 7.5 7.5


Glucose 2 Monitor daily and maintain at >2 g/L
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Feed Mixing Protocol
Cellvento® 4Feed / EX-CELL® Advanced Feed


Mixing Procedure and Recommendations
As cell lines can inherently be diverse, it can be recommended when evaluating media to try several different mix levels to find the 
optimal level of feed for your process.


Recommended Mixing Levels
EX-CELL® Advanced Feed is best utilized as a feed supplement in conjunction with the Cellvento® 4Feed. However, Cellvento® 4Feed 
may offer the optimal performance output with utilizing EX-CELL® Advanced Feed as a feed supplement. We recommend to evaluate 
Cellvento® 4Feed both as a standalone feed and as a mixWhen supplements are added, the liquid medium is stable for max 4 weeks.


NOTE: There are few points to consider when mixing. At scale these media are only available as separate dry powder media and will still need to be ordered 
and reconstituted separately which includes sterile filtering for both. They can be combined as liquids prior to being added to the bioreactor and thus can 
sustain a one feed approach.


The following feed schedule is recommended for use for all the mixes noted above:


Percentages are based on the working volume of the bioreactor at the time of 
feeding, not the initial volume.


Reconstitute the feeds according to their 
individual protocols


Method for 50:50 volume blend of 2 L of Medium 


1.	 Add 1 L of reconstituted EX-CELL® Advanced Feed 
(24368C) to mixer.


2.	 Add 1 L of reconstituted Cellvento® 4Feed (1.03796) to 
same mixer.


3.	 Mix together for 10 minutes until homogenous.


4.	 Measure pH (informational).


5.	 Measure Osmolality (informational).


6.	 Immediately sterile filter with low protein binding filter 
membrane. (<0.22 microns).


7.	 Store feed at 2-8 °C in the dark until use. Discard any 
unused feed after one month.


Mix Type


Cellvento® 
4Feed 


(1.03796) 
per 1 L


EX-CELL® 
Advanced 


Feed (24368C) 
per 1 L


Estimated 
Concentration 


(g/L)


100 1 L 0 L 130


75:25 750 mL 250 mL 106


50:50 500 mL 500 mL 82


25:75 250 mL 750 mL 58







TAKE THE 
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UPSTREAM


Scan QR code  
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•	 Maximize Productivity 


•	 Meet Quality Requirements


•	 Simplify Operations


•	 Scale Up


•	 Prevent Contaminants
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Draw On Our 
Experience
for Viral Vector Manufacturing


The life science business of Merck KGaA,
Darmstadt, Germany operates as
MilliporeSigma in the U.S. and Canada.







World-class process development and manufacturing for viral therapeutic 
products. From small scale to large scale manufacturing and fill finish, we have 
the proven commercial execution and regulatory expertise to drive the success 
of your program.


Benefit from our wealth of experience and best-in-class biosafety and 
characterization testing of clinical and commercial products, including:


•	 Comprehensive cell bank manufacturing, testing, and storage services
•	 Viral bank manufacturing, testing, and storage services
•	 A portfolio of gene therapy-specific platform assays and routine testing services
•	 Custom assay development services to support your unique testing needs
•	 Consultative CMC regulatory compliance guidance offered by industry experts


Identity Safety


Potency Purity


25years
of experience working with a broad 
range of platforms and vector systems


>500
Clinical production lots 
for Phase 1 – Phase 3


>1m vials filled
Global 
Quality 
System


LENTIVIRUS, AAV, 
ADENOVIRUS, 
RETROVIRUS


Partner with BioReliance® Services for 
Faster Vector Production and Testing


Drug Product 
Release Testing


Upstream Processing 
Services


Downstream Processing 
Services


Cell Lines & Virus Seeds 
Production and Testing


Biosafety & 
Characterization 
TestingCell & Virus  


Characterization


Raw Material & 
Plasmids Testing


Drug Substance  
Testing


Viral Clearance  
Services







Validation 
Services


Final  
Product 
Testing


Validation 
Services


Viral 
Clearance


Validation 
Services


Unpurified 
Bulk  


Testing
Validation 
Services


Cell & Virus 
Bank Production, 
Characterization 


& Storage


Raw  
Materials 
Testing


Early PD 
services


Validation 
Services


VirusExpress™ 
Lentiviral 
Production 
Platform


EX-CELL®  
CD Insect  


Cell Medium


Cell Culture 
Media and  
Cell Lines


Cell and Virus 
Growth


NovaSeptum®  
GO Sterile 


Sampling System


Nucleic 
Acid 


Digestion


Mobius® 
Power MIX


Clarification


Ultrafiltration/
Diafiltration 


Mobius® 
FlexReady 
Solution 
for TFF


Ultrafiltration/
Diafiltration 


Cogent®  
TFF System


Chroma-
tography


Mobius® FlexReady 
Solution for 
Chromatography


Final Filtration


Millipak® Final  
Fill Filters


Excipients for 
Gene Therapy 


Formulation 


Mobius®  
200L Bioreactor


Mobius® FlexReady 
Solution for 
Clarification


Millistak+® 
HC Pro Synthetic 


Depth Filter


Benzonase® 
Endonuclease 


Safety Plus 
Emprove® Expert


Pellicon® 2 
Ultrafiltration 


Cassettes


Pellicon® 2  
XL50


Fractogel®
EMD IEX 


Chromatography 
Resins


Mobius® Single-Use 
Manufacturing
Single-use technologies to 
meet your changing 
manufaturing requirements


Viral & Gene Therapy 
Manufacturing
Viral vector manufacturing 
from development through 
commercialization.


From solving your unique upstream and downstream 
challenges, to meeting urgent manufacturing timelines, and 
navigating uncertain regulatory guidelines, a knowledgeable 
partner can help move your cell and gene therapy from hype 
to hope.


At Merck, we’re giving shape to cell and gene therapy development 
every day. We bring 30+ years of expertise, and a global 
organization to integrate leading manufacturing technologies with 
process development, scale-up, safety testing, and the regulatory 
experience to meet your therapy’s needs.


Draw on our experience to bring your cell and  
gene therapies to life.


Integrated Vector Production Solutions
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Vaccine Production: 
Better, Faster, Safer, 
Together 


The life science business of Merck KGaA,  
Darmstadt, Germany operates as  
MilliporeSigma in the U.S. and Canada.







Partnership in Accelerating 
Vaccine Development 
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Testing


Biosafety testing and cell 
line characterization


Biosafety testing and 
viral clearance studies


Biosafety testing and  
product characterization


Productivity Yield & Efficiency Purity


Speed to clinic
Manufacturing and development services


Patient Safety


Cell culture 
media biosafety


Clarification Sterile filtrationCell culture DNA digestion
Formulation and 


final fill
Chromatography


Tangential flow 
filtration


Vaccine development can have tremendous challenges. We understand you need 
to streamline your manufacturing process so you can create safer, more effective 
vaccines and get them to patients faster. 


To succeed, collaboration is key.


From early phase development, to large scale production, our process development 
engineers, regulatory experts and comprehensive portfolio of products and services 
can help you meet your process goals.  


For more information about our collaborative programs, visit  
EMDMillipore.com/vaccines
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Upstream: Increase 
Productivity and 
Ensure Biosafety 


Upstream and Downstream


4


Every stage of the upstream process presents 
an opportunity to maximize the development 
speed and productivity of your process. We have 
a complete upstream foundation that helps you 
do both.


From cells to culture media and additives, to single-use bio-
manufacturing systems and biopharma materials, we offer 
a range of off-the-shelf and fully customized solutions.


Explore our ecosystem of integrated upstream products 
and services. 


4
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Mobius® Bioreactors are a scalable portfolio of single-use stirred  
tank bioreactors that provide flexibility through configurable 
software, hardware and single-use assemblies for use in suspension 
and adherent cell culture applications.


Our bioreactor platform has been designed to ensure that 
ease-of-use and operational flexibility at small scale can be 
translated to full-scale production.


Mobius® Single-Use Bioreactors


Connection


Scalability


 Flexibility


Turndown Ratio


Installation


Lynx® Connectors assure a critical 
sterile connection


Designed to ensure 
operational flexibility and ease 
of use, between the ranges of 
3L and 2000L


Work as a standalone system or 
integrated as part of your facility's 
automation platform


5:1 turndown ratio provides you 
with the most flexible seeding 


and growth strategy


Designed to provide intuitive 
and ergonomic operator 
interactions that simplify 


workflow and installation at 
all scales


3 L 50 L 200 L 1000 L 2000 L
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Cell Culture Media
•	 Cellvento® BHK-200 media 


•	 EX-CELL® 293 HEK media 


•	 EX-CELL® MDCK media 


•	 EX-CELL® HeLa media


•	 EX-CELL® GTM-3 media


•	 EX-CELL® 420 media for Insect Cells


•	 EX-CELL® EBx™ GRO-I media 


•	 EX-CELL® EBx™ PRO-I media


•	 EX-CELL® EBx™ PRO-II media


Custom Cell Culture
With our extensive in-house formulation knowledge, we are able to design reliable, 
robust customized cell culture media for your specific processes according to 
your recipe and create innovative solutions that can enhance the consistency and 
efficiency of your processes.


•	 Custom dry powder 


•	 Custom liquid 


•	 Media screening and selection service


Cell Culture Supplements and Additives 
We offer a comprehensive portfolio of animal and non-animal origin cell 
culture supplements and manufacturing aids to help you achieve consistent 
yields, including:


Cellvento® and EX-CELL® Cell 
Culture Media


CellPrime® non-animal  
origin supplements


Cell Culture Media and Supplements 


Non-animal Origin Recombinant Manufacturing Aids 
•	 CellPrime® rTrypsin •	 CellPrime® rLysozyme


Emprove® and PharmaGrade™ Raw Materials
•	 Amino acids


•	 Carbohydrates


•	 Vitamins


•	 Mineral salts


•	 Buffers


•	 Lipids


Non-animal Origin Recombinant Supplements
•	 CellPrime® rTransferrin 


•	 CellPrime® rAlbumin


•	 CellPrime® r Insulin 


•	 Long R 3 IGF


Upstream and Downstream







Millipore Express® Filters


Upstream Biosafety
To mitigate the risk of bioreactor contamination, cell culture media is filtered before 
use to remove adventitious microorganisms including bacteria, mycoplasma and 
viruses. Filter selection is guided by risk analysis and process needs:  


•	 Mycoplasma Removal – Sterile Liquid: Millipore Express® SHR  
0.1 μm Hydrophilic Filters


•	 Bacterial Removal – Sterile Liquid: Millipore Express® SHC  
Hydrophilic Filters


•	 Bacterial and Virus Removal - Sterile liquid: Viresolve® Barrier Filters  
for chemically-defined cell culture 
media


imMEDIAte ADVANTAGE™ Fast Track Service for Cell 
Culture Media and Buffers 
We offer expedited small-scale samples of custom dry/liquid cell culture media 
and buffers to support rapid process development and optimization efforts. 


•	 Rapid turn-around of prototype formulations


•	 Analytical services to support raw material assessment and media development 


•	 Scale-down modeling, troubleshooting, raw material and spent media assessments  


Sterile Liquid Services 
Our GMP-compliant sterile liquid centers can supply 500 mL to 10,000 L.


•	 Cell culture media


•	 Buffer solutions


•	 CIP solutions 


•	 Water for Injection (WFI)


Media and Buffer Solutions
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Clarisolve® Disposable Depth Filter
The innovative Clarisolve® depth filter is a fast and efficient way to clarify 
challenging, high density cell culture feed streams that require pre-treatment.


•	 Eliminates the need for a centrifuge and reduces pre-use flush volumes, 
depending on the media grade, versus traditional depth filters


•	 Enables single stage clarification; go directly from the bioreactor to downstream 
sterile filtration for pretreated and high solids-containing feed streams


Clarisolve® Disposable Depth FilterMillistak+® HC Pro Synthetic Depth Filters
Millistak+® HC Pro (High Capacity Synthetic Media) synthetic depth filter 
provides a cleaner and more consistent depth filtration media over current 
diatomaceous earth (DE) and cellulose (CE) based filter media.


•	 Reduce TOC extractables and pre-use flush volume recommendations up to 50%


•	 No beta glucans to interfere with limulous amoebocyte lysate (LAL) testing for 
bacterial endotoxins


•	 Lot to lot consistency


•	 Provides as much as two times the filtration capacity with equivalent filter 
retention properties over commercial DE-based benchmarks


•	 Improved HCP impurity clearance 


Millistak+® Pod Disposable Depth Filters
Millistak+® Pod is ideally suited to primary and secondary clarification 
applications. These disposable depth filters offer flexibility and ease of use 
through their unique modular design.


•	 Compact design maximizes product yield and minimizes facility footprint


•	 Scalable from 5 up to 20,000 L feed streams


•	 Disposable pod device protects operators from exposure to biohazards and 
eliminates the cost of housings, CIP and cleaning validation Millistak+® Pod Disposable 


Depth Filters


Millistak+® HC Pro
Synthetic Depth Filters


With more than 40 years of clarification experience, we are 
committed to introducing innovative, easy-to-use technologies, 
like Millistak+® Pod and Clarisolve® disposable depth filters, to 
help you improve your productivity and process efficiency.


Clarification


Upstream and Downstream







Balancing efficiency and regulatory compliance — the smart 
solution for DNA removal in biopharmaceutical production.


Nucleic Acid Digestion


What's in Benzonase® endonuclease for you?
A unique, genetically engineered endonuclease that ensures exceptionally high 
purity and activity for your finished product. Our GMP manufactured Benzonase® 
endonuclease purity grade I (≥99%) is supported by an Emprove® bio dossier and 
a DMF type II file.


•	 The capability to attack and degrade all forms of DNA and RNA


•	 The absence of detectable proteolytic activity 


•	 A wide range of operating conditions 


•	 The advantages of exceptionally high specific activity 


•	 The assurance that you’ll meet industry requirements for reliable  
supply and consistent high quality thanks to GMP manufacturing 


•	 The support by our EMPROVE® bio dossier and a DMF 
type II file (FDA Reg. No. BBMF 5403; current 
version 2013, available in eCTD format) 


•	 The availability in bulk quantities for the 
use in R&D up to manufacturing scale 


•	 A guideline on its use and its removal 
from biopharmaceutical processes


Benzonase® endonuclease Safety Plus — the 
smart evolution of enzymatic DNA removal in 
biopharmaceutical production.
Benzonase® endonuclease has proven its value for over 30 years in viral vaccine 
and -vector manufacturing. Balancing efficiency and regulatory compliance by 
delivering reliability and high-quality due manufacturing under good manufacturing 
practices (GMP ICH Q7). Additionally, to the stringent quality control and extensive 
documentation packages coming with Benzonase® endonuclease Emprove® Expert, 
the all new Safety Plus product elevates the high-quality level even further. Adding 
the most recent manufacturing and analytical technologies it delivers enhanced 
risk mitigation. Thus, Benzonase® endonuclease Safety Plus Emprove® Expert is 
manufactured in chemically defined fermentation medium, tested for the absence 
of adventitious viruses and mycoplasma and comes with tailgate samples avoiding 
opening of the bulk material form incoming goods control.


Benzonase® Safety Plus


Recommended for:


•	 Purification of viral and virus-like 
particle vaccines


•	 Purification of viral vectors  
for vaccines and cell and gene 
therapy e.g. adeno-associated  
virus and lentivirus


•	 Purification of proteins and  
other biologicals







Advantages of Pellicon® 2
•	 Leading-edge void-free membranes to meet any separation challenge 


•	 Short flow path for higher flux and higher resolution separation capability 


•	 Predictable, fast scale-up 


•	 True linear scalability from laboratory size modules to industrial assemblies for 
processing thousands of liters 


•	 Brings higher resolution, improved yields and superior back-pressure resistance 


•	 Ultracel®- membranes are composite membranes cast on a microporous 
substrate for defect-free membranes with superior adhesion.


Pellicon® 2 Ultrafiltration Cassettes
High-performance tangential flow filters for biopharmaceutical processing; including process 
development, scale-up and scale-down in concentration and purification applications.


•	 Options from Biomax® polyethersulfone membrane or Ultracel® composite regenerated 
cellulose membrane


•	 Choice of flow channel configuration providing process optimization capability


•	 Scalable from laboratory to commercial manufacturing


Ultrafiltration/Diafiltration


Downstream: 
Increase Recovery


At the crucial step in your purification process, 
you don’t want to take chances with a less than perfect 
solution. For more than 50 years vaccine manufacturers 
have trusted our ultrafiltration solutions to ensure the 
purity of their final product.


Upstream and Downstream
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Fractogel® Resin


Eshmuno® Resin


Chromatography
To meet your purification and process efficiency needs 
we provide scalable single-use chromatography systems 
and a full portfolio of resins. 


Natrix® Q 
Chromatography Membrane


Ion Exchange Resins
Our comprehensive portfolio of chromatography resins, which include Eshmuno® 
and Fractogel® media, can feature innovative tentacle technology to help increase 
your process and efficiency.


Single-Use Chromatography Membrane
•	 Natrix® Q Chromatography Membrane


•	 Single-use per batch device format for flexible manufacturing 


•	 �Efficient purification and extended buffer and pH compatibility enable  
process intensification


•	 High productivity resulting in reduced media requirements and smaller footprint


•	 Reduced WFI, CIP fluids and buffer consumption


Cation Exchange Resins
•	 Fractogel® EMD SO3- Resin


•	 Fractogel® EMD SE Hicap (M) Resin


•	 Fractogel® EMD COO- (M) Resin


•	 Eshmuno® CPX Resin 


•	 Eshmuno® S Resin


Anion Exchange Resins
•	 Eshmuno® Q Resin


•	 Fractogel® EMD DEAE (M) Resin


•	 Fractogel® EMD TMAE Resin


•	 Fractogel® EMD TMAE Hicap (M) Resin
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A noted advantage of single use technology and systems is that they do not require CIP. Despite this there are 
still some unit operations that are cleaned/sanitized, regenerated and reused – tangential flow filtration and 
column chromatography. For this reason, CIP solutions are still required in these hybrid single-use operations.


In large stainless steel biopharmaceutical processes, CIP solutions are often supplied from a fixed tank farm 
with in-house or in-line dilution to the required concentration. When a customer is using single-use hybrid 
processes, the demand for GMP CIP solutions is less. In these situations, our ready to use GMP CIP solutions 
provide an ideal solution that provides the benefits of cost reduction, improved safety (no dangerous raw 
material handling) and reduced infrastructure requirements.


Single-use technology and systems for bioprocessing 
both clinical and commercial drug products reduce costs, 
improve flexibility, and reduce multiple risks.


Single-use processes and CIP


Upstream and Downstream







Cleaning is a key operation in biopharmaceutical manufacturing for removal of product residues and microbial contamination.


Our tailor-made, high quality cleaning in place (CIP) solutions save you time, money and effort. You can order the 
exact solution, in the volume you require, from our extensive cleaning in place portfolio produced at our GMP facility. 
We also provide technical support regarding packaging and full regulatory documentation to simplify approval and 
validation procedures.  


In addition to tailor-made solutions, we also provide technical support and full regulatory documentation to simplify 
approval and validation procedures. Since all our CIP products comply with GMP guidelines, you are well prepared for the 
future in this increasingly regulated segment.


Mobius FlexReady Solution with Smart Flexware Assemblies for 
Chromatography


Cleaning in Place
GMP Solutions for CIP
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Benefits
•	 Save time and money with ready to use CIP solutions


•	 Improved operator safety


•	 Easy to use


•	 Large variety of pack sizes and packaging types available (jerry cans, IBC's, tank containers)


•	 Bulk supply capabilities


•	 Less documentation effort 
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Our Emprove® program simplifies and speeds regulatory filing by:
•	 Facilitating qualification processes


•	 Supporting risk assessment, management and mitigation 


•	 Increasing supply chain transparency


•	 Expediting approval preparation and extending compliance


Emprove® dossiers meet global regulatory requirements and 
contain detailed documentation on our filters, single-use 
components and process chemicals. 


We offer three types of dossiers to support your operations:


1.	 Material Qualification Dossier 
Provides the fundamental information for the 
qualification process.


2.	 Quality Management Dossier 
Provides information needed for your formalized  
risk assessment. 


3.	 Operational Excellence Dossier 
Provides detailed data you need to qualify and  
ensure consistent and predictable drug quality.


Emprove® dossiers can accelerate your pathway 
to regulatory approval. 
Our portfolio of over 400 Emprove® products provides 
the product information and documentation you need to 
accelerate qualification and regulatory approval.


Emprove®: Regulatory-ready Dossiers 


Upstream and Downstream


Base_part_number Material description SBU Funcion/Use


PHG0016 GLYCINE HYDROCHLORIDE, PharmaGrade™ P05 DSP Functional Chemicals SIAL Buffer/Purification


137037 GUANIDINE HYDROCHLORIDE, EMPROVE® EXPERT P02 DSP Functional Chemicals MM Solubilization agent


PHG0006 GUANIDINE HYDROCHLORIDE, PharmaGrade™ P05 DSP Functional Chemicals SIAL Solubilization agent


ARK2188 HEXADECYLTRIMETHYLAMMONIUM BROMIDE, PharmaGrade™ P05 DSP Functional Chemicals SIAL Precipitation agent


108643 TRITON X-100 PH EUR,  EMPROVE® EXPERT P02 DSP Functional Chemicals MM Virus splitting/ Virus inactivation


RES1458C CDAP P05 DSP Functional Chemicals SIAL Conjugation


G2299  Glutathione (oxidized), PharmaGrade™ P05 DSP Functional Chemicals SIAL Redox reagent


PHG0002 TRIS HYDROCHLORIDE, PharmaGrade™ P04 Powder Buffers SIAL Buffer/Purification


RES1164B-A7 BIS TRIS HYDROCHLORIDE, PharmaGrade™ P04 Powder Buffers SIAL Buffer/Purification


137013 SODIUM HYDROGEN CARBONATE, EMPROVE® EXPERT P01 USP Chemicals MM Buffer/CCM


PHG0004 BIS TRIS, PharmaGrade™ P04 Powder Buffers SIAL Buffer/Purification


RES6007H-A7 HEPES SODIUM SALT, PharmaGrade™ P04 Powder Buffers SIAL Buffer/CCM


PHG0001 HEPES, PharmaGrade™ P04 Powder Buffers SIAL Buffer/CCM


RES6003H-B7 HEPES, PharmaGrade™ P04 Powder Buffers SIAL Buffer/CCM


110110 HEPES, EMPROVE® EXPERT P10 Powder Buffers MM Buffer/CCM


RES3098T-B7 TRIS HYDROCHLORIDE, PharmaGrade™ P04 Powder Buffers SIAL Buffer/Purification


108219 TRIS HYDROCHLORIDE, EMPROVE® EXPERT P10 Powder Buffers MM Buffer/Purification


RES1161B-A7 BIS TRIS, PharmaGrade™ P04 Powder Buffers SIAL Buffer/Purification


137014 SODIUM CARBONATE ANHYDROUS, EMPROVE® EXPERT P01 USP Chemicals MM Buffer/CCM


RES3193T-A7 TRIS (TROMETHAMINE), PharmaGrade™ P04 Powder Buffers SIAL Buffer/Purification







Mobius FlexReady Solution with Smart Flexware Assemblies for 
Chromatography


Emprove® Evolve
For early stages of biopharmaceutical manufacturing. 


Fills the gap between lab-grade and GMP compliant raw and starting materials. This product line provides detailed 
and transparent supply chain information and documentation to support risk assessments for critical raw materials 
used in manufacturing processes.


Emprove® Essential
Moderate Risk Applications


Designed for moderate risk applications, Emprove® Essential products offer compliance to IPEC-PQG GMP Guide and/
or EXCiPACT™ Certification Standard, supply chain transparency and regulatory support designed to assist drug 
manufacturers' formalized risk assessments. They are produced according to controlled manufacturing processes. Critical 
parameters such as elemental impurities and residual solvents are characterized by using validated analytical techniques.


Emprove® Expert
High Risk Applications


Addresses higher risk applications where the lowest microbiological and endotoxin levels are of utmost importance. 
Along with the risk management features of Emprove® Essential, the Emprove® Expert line goes even further: The 
GMP (IPEC-PQG and/or EXCiPACT™) manufacturing processes are designed to yield products with specified low 
microbiological and endotoxin levels, thus supporting the overall risk mitigation strategy.


Emprove® API
Support Final Drug Product Compliance with International Standards


Manufactured in Europe to meet the quality and regulatory requirements of active pharmaceutical ingredients, according 
to ICH Q7 GMP. In order to support final drug product compliance with international standards, our Regulatory 
Management team offers dedicated support with access to extensive documentation including DMFs, CEP and ASMF.


For additional information,


visit MerckMillipore.com\Emprove


Emprove® Chemicals Portfolio
Our Emprove® Chemicals portfolio contains over 400 
pharmaceutical raw materials. To address different levels of 
risk, and to simplify and streamline the selection process, 
the portfolio is divided into four categories:
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Integritest® 5 Automated Filter 
Integrity Test Instrument


Gas line for 
Integrity Testing


Secure sterile 
connection 
Lynx® S2S


Closed system 
for filter 


integrity testing


Dosing loop for 
peristaltic pump


Inline filtration


Closed venting bag
Sterile holding bag 
buffers liquid for 
accurate filling


Closed 
sampling


DPTE-BetaBag® by Getinge 
La Calhene for liquid transfer 


to sterile filling area


Millipak® Final Fill Filters


16


Final Filtration: Maximize Safety 
of Your Vaccines


Millipak® Final Fill Filters
•	 Unique stacked disk design minimizes hold-up volume, increasing recovery of 


high value products


•	 Contains a redesigned port validated to maintain an aseptic flow-path even after 
multiple actuations


•	 Contains trusted, low-binding, Durapore® polyvinylidene fluoride (PVDF) membrane


Single-Use Capsule Filters with Durapore® Membranes
•	 Gamma-compatible and presterilized capsules simplify your process without 


compromising product safety


•	 Available with low binding sterilizing grade 0.22 μm Durapore® PVDF membrane


•	 Millipak® Barrier filters feature separate layers of sterilizing-grade hydrophobic 
and hydrophilic membrane, simplifying in-line pre-use post-sterilization integrity 
testing (PUPSIT) without use of a flush bag 


Mobius® Single-Use Final Fill Assemblies
A complete and comprehensive library of pre-qualified components,  
including tubing, filters, sterile connectors, single-use pumps and needles.


•	 Flexibility and increased filling productivity


•	 Reduced upfront capital investment


•	 Increased speed to market


•	 Reduced risk of cross contamination and enhanced operator safety


Integritest® 5 Automated Filter Integrity Test Instrument
Accurately and reliably verify the integrity of your filters and processing  
equipment with the portable, easy to implement, and automated Integritest® 5 
filter integrity test instrument.


• Fast, accurate test algorithm simplifies test creation


• �Intuitive software, audit trail displays, automatic back-ups 


• �Organizes tests into collections with secure test access to assigned users


• �Fully networkable; including powerful multi-unit synchronization


Final Sterile Filtration
Trusted for the most critical applications, our single-use final 
fill assemblies reduce risk of cross-contamination and deliver 
process flexibility and productivity, without compromising 
product sterility.


Single-Use and Multi-Use Products


Durapore® Capsule Filters







The excipients and most process chemicals in our broad 
portfolio are part of our Emprove® Program, which 
provides comprehensive regulatory documentation to 
simplify and accelerate regulatory filings.
•	 Excipients for vaccine and biomolecule formulation include our dedicated 


stabilizers and buffers


We offer innovative lipid-based drug delivery excipients 
with superior characteristics enabling you to simplify and 
streamline formulation processes.
•	 	Neutral lipids, such as synthetic cholesterol


•	 	Cationic lipids


•	 	PEG lipids


•	 	Phospholipids


•	 	Other lipids, such as Squalene


You can also take advantage of our customized lipids 
manufacturing to create a tailored approach for your API.


Formulation excipients and 
lipid-based drug delivery 
Our extensive portfolio of process chemicals, excipients and 
lipids is designed for demanding, time-sensitive applications 
including vaccine formulation. 
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Mobius® FlexReady 
Single-Use Solutions


Mobius® FlexReady Solution with Smart Flexware® 
Assemblies for Tangential Flow Filtration
•	 Suited to demanding applications including high protein viscosity,  


low final volume and high purity


•	 Validated for a feed flow capacity up to 40 L/min


•	 Integrated load cells, mixer, and temperature sensors


•	 Disposable flow path is easily installed by a single operator


Mobius® FlexReady Solution for Chromatography
•	 The Mobius® FlexReady Solution for chromatography is an innovative 


single-use system designed for the separation of vaccines


•	 These fully-automated systems minimize dead space and provide a high 
level of processing control and reproducibility


Versatile and scalable platform that can easily  
switch between chromatography and TFF. 
Mobius® single-use manufacturing solutions offer  
you the flexibility to run an individual unit operation, 
or build an entire single-use process train.


K-Prime® Chromatography Systems 
K-Prime® multi-use chromatography systems are 
designed for separating and purifying proteins and bio-
engineered products. Our K-Prime® product line spans 


separations from pilot through commercial production. 


K-Prime® 
Chromatography 
System 
 


  Flexware® assemblies are 
available with factory calibrated 
UV and conductivity single-use 
sensors.


The cart is the heart of the 
system and houses the single-


automation software.


Our Common Control 
Platform® (CCP®) automation 
software centrally controls 
all pumps and valves, and 
allows recipe editing, storing 
and sharing. CCP® software 
is fully compliant with GAMP 
5 recommendations for 
automation software and FDA 
21 CFR Part 11 requirements 
for electronic records and 
signatures. 


Our smart Flexware® assemblies 
utilize a combination of keyed 
assemblies and clear labeling 
for easy, error-free installation.


Mobius® FlexReady 
Solution with Smart Flexware® 
Assemblies for Chromatography


Single-Use and Multi-Use Products







Mobius® Single-Use 
Mixing Solutions
Integrated powder delivery, mixing 
and filtration delivers economical and 
flexible processing.


Benefits
• �Single-use technology for increased production capacity 


in multi product facilities


• Easy setup, use and transportation 


• �Powerful magnetically coupled impeller designed to 
efficiently mix the most challenging buffer, media and 
biopharmaceutical ingredients


• �Broad working volumes that range from 15% of 
the total volume (size dependent) to 10% above for 
processing flexibility


• �Stainless steel units have doors that open to one half the 
mixer's diameter for easy bag loading


• �100, 200 and 500 models are available 
in plastic or jacketed stainless steel


• �Optional hoist for powder delivery 
minimizes operator exposure to powders 
and improves handling 


• Integrated load cells and temperature sensor


• �Compatible with in-process pH 
measurement options 


• �Closed, sterile, and zero deadleg sampling 
directly from the mixing bag
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Mobius® 2D and 3D assemblies, storage and 
transportation solutions are key components for 
efficient, ergonomic and scalable fluid management, 
from media and buffer prep to final fill applications.
Choose from a variety of container options, including polyethylene drums, stainless steel bins for 
storage or transportation, collapsible plastic containers and carts, ranging from 10L to 1000L. Our 
assemblies and solutions are designed to reduce operator error, process risks and improve efficiency. 
With a full spectrum of systems to choose from, at varying scales and levels of certification, you get 
greater flexibility, mobility and support for your single-use technologies.


Mobius® 2D and 3D Assemblies and Storage Systems
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Safe and Efficient 
Fluid Management


Applications
•	 Sterile filtration and transfer 


•	 Storage of buffers, media and 
bulk intermediates


Single-Use and Multi-Use Products
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PureFlex™ Film


FLUID CONTACT FLUID CONTACT


ULDPE


EVOH


EVA


ULDPE


EVOH


EVA


LLDPE - Abrasion Resistant
ULDPE (outer layer)


0.0105”


0.012”
PureFlex™ Plus Film


FLUID CONTACT FLUID CONTACT


ULDPE


EVOH


EVA


ULDPE


EVOH


EVA


LLDPE - Abrasion Resistant
ULDPE (outer layer)


0.0105”


0.012”


PureFlex™ and PureFlex™ Plus Film
PureFlex™ and PureFlex™ Plus films are used in Mobius® single-use assemblies and NovaSeptum® sterile sampling 
products, and are safe, robust and chemically resistant.


•	 Fluid contact material: Ultra low-density polyethylene (ULDPE)


•	 Gas barrier: Polyethylene vinyl alcohol-copolymers (EVOH)


•	 Outer layer:


	– PureFlex™ film: Ethylene vinyl acetate (EVA) and ULDPE


	– PureFlex™ Plus film: EVA and linear low density polyethylene (LLDPE) which increases the film’s resistance 
to abrasion, puncture, stretching and tearing


Single-Use Film Technology


Lynx® S2S (Sterile to Sterile) Connector
•	 Designed to integrate single-use systems


•	 Gamma and autoclave-compatible


Lynx® CDR (Connect, Disconnect, 
Reconnect) Connector
•	 Industry’s first disposable connector enabling  


multiple aseptic connections


•	 Validated for up to six sterile connections and 
disconnections with wet and pressurized flow path


Lynx® ST (Steam-To) Connector 
•	Connects steamable hard-piped processing systems 


to a single use flow path 


Single-Use Sterile Connectors 
Reliable and easy-to-use, Lynx® connectors enable  
risk-free, sterile fluid transfer, and are available in a wide 
range of types, sizes and configurations.


Lynx® S2S Connector


Lynx® CDR Connector


Lynx® ST Connector
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NovAseptic® Connectors
•	NovAseptic® connectors improve the efficiency 


and robustness of your aseptic process 


•	 Proven, innovative flush-mounted design for low 
hold-up volume


•	 Flexible aseptic design; available tank-connected 
or in-line


•	 Provides ease of access to critical areas for 
sampling prior to product release


•	 Adaptable to a wide range of equipment; easily 
and securely fitted to ensure system sterility


Process Chemicals for 
Storage and Cleaning
You can order our GMP grade products in the 
volumes and concentrations you require. We 
can provide comprehensive Emprove® dossiers 
to simplify and speed your regulatory filings 


Sterile Sampling Solutions
Sterile, closed, disposable systems for process sampling.
Accurate, sterile sampling of your product is critical. An imprecise or false positive result can lead 
to time-consuming investigations and costly delays. With our NovaSeptum® GO sampling system, 
you can sample with confidence.
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NovaSeptum® GO Sterile Sampling System
From buffer and media preparation to final formulation and filling, the closed 
NovaSeptum® GO sterile sampling system gives you the freedom and security 
to sample processes wherever you need. Available in a wide variety of formats 
and volumes, NovaSeptum® GO sterile sampling systems are easily integrated 
into your process for robust, reliable process monitoring.


• Flexible, pre-sterilized, disposable sampling options 


• Ensures the security of the process, the operator and the sample


• Zero risk of cross-contamination


• Compliant with the most stringent regulatory and quality requirements


• Allows for accurate samples: 1 mL to 1000 mL


Single-Use and Multi-Use Products
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BioReliance® Viral and Gene 
Therapy Manufacturing
World-class process development and manufacturing for 
viral therapeutic products. From small-scale toxicology and 
Phase I material to commercial-scale manufacturing and fill 
finish, our flexible facilities and expert staff are leaders in 
viral product manufacturing.


Carlsbad, CA Manufacturing Site Features:
•	 Completed FDA/EMA pre-licensure 


inspections 


•	 Separate facility areas for scale-up, 
process validation, Phase III trials 
and commercial launch


•	 16 client-dedicated Class 
10000 (ISO® 7) clean room 
production suites 
 


•	 Two dedicated Class 1000 (ISO® 6) 
fill suites; one designed for small 
commercial fills


•	 Biosafety release testing assurance 
via BioReliance® services


•	 Highly qualified process 
development teams focused on 
early-stage process optimization 
and scale up


20years
of experience working with a broad 
range of platforms and vector systems


>500
Clinical production lots 
for Phase 1 – Phase 3


Global 
Quality 
System


>1m vials filled


LENTIVIRUS, AAV, 
ADENOVIRUS, RETROVIRUS


Manufacturing, Testing and Global Support
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Final Product 
Release Testing


BioReliance® Biosafety  
Testing Services
For vaccine and viral therapies, our comprehensive BioReliance® 
biosafety 
testing services support every stage of your biologics 
development and manufacturing processes. From cell banking and 
cell line characterization, through lot release testing and product 
characterization, GMP testing is delivered with scientific expertise 
and world-class service. 


BioReliance® Upstream 
services include:


BioReliance® Downstream 
services include:


Manufacturing, Testing and Global Support


Upstream Processing Downstream Processing


Cell & Virus Seed  
Stock Banking


Product Characterization


Biologics 
Safety 


Testing
Cell & Virus  


Characterization


Raw Material  
Testing


Bulk Lot Release  
Testing


Viral Clearance  
Services


Product Characterization
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Visit our M Lab™ Collaboration Centers:
M Lab™ Collaboration Centers provide a global network of vibrant collaboration spaces where you can 
explore ideas, learn innovative techniques and work side by side with experts to solve critical process 
development challenges. These nine non-GMP labs offer you the flexibility to troubleshoot and test 
without impacting your production line. Staffed by a network of technical experts, these labs are where 
we solve your toughest problems — together.


 
Global Process Development Network
With sites around the world, we can quickly accommodate your evolving needs at a time and 
a place that works for you. Access the support of our global network of more than 200 scientists, 
engineers and technicians including process development scientists, biomanufacturing engineers 
and systems process engineers.


 
Why Visit an M Lab™ Collaboration Center?
At the M Lab™ Collaboration Centers, no challenge is too great. Our technical expertise spans all aspects 
of the process train. Areas of support we offer include, but are not limited to:


Our Global Network 


Explore, Learn and Collaborate at Our 
Worldwide M Lab™ Collaboration Centers
From upstream to downstream, through final fill, our 
non-GMP M Lab™ Collaboration Centers can support you.


•	 Overcome barriers to single-use implementation


•	 �Receive guidance for process development and 
scale up


•	 Troubleshoot existing processes 


•	 Gain technical knowledge required prior to new 
product adoption 


•	 Acquire new skills and expertise in bioprocessing 
and formulation development


•	 Discover best practices and techniques for 
adopting next generation bioprocessing


•	 Develop and test new procedures prior  
to implementation
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BioReliance® End-to-End Solutions


Plug & Play Upstream  
Development Service
A service exactly tailored to small-sized biotechs and start-ups, needing to  
balance cost and speed to clinic while getting it right the first time.


The life science business  
of Merck KGaA, Darmstadt, 
�Germany operates as 
�MilliporeSigma in the  
U.S. and Canada.







Our Experience


BioReliance® End-to-End Solutions


We are an adaptable CDMO partner for start-ups and small biotechs needing to develop and commercialize 
biologics. We do this by balancing speed, risk and cost through custom solutions, by leveraging our 
bioprocessing technologies and process development expertise, and by allowing our clients to transfer their 
process and knowledge to their end point at any step of their drug development. So rest assured that with 
more than 31 years’ experience, more than 250 biomolecules and numerous GMP clinical Drug Substance 
batches, we can build strong working relationships around you.


31+
Years in process 


development


250+
Biologics  


(antibodies, hormones, 
fc-fusion and 


recombinant proteins)


100%
Success rate in  


IND filing







Realize Your Drug Development Vision


Upstream development can be a major stepping stone towards your goal. Our experience in process 
development and regulatory expertise help you make the right decisions to get it right the first time 
and set your path to long-term success. 


An Adaptive Approach to Deliver Against Your Timeline


IND 
Filing CLINICPRECLINICALDNA


In-silico  
codon  


optimization


Establish 
stable  
pools


Establish  
a master  
cell bank


Choose the 
right clone


Get good quality 
material quickly  
for pre-clinical 


studies


Documentation ready  
for IND filing


Get GMP supply for  
clinical trialsProcess Development


High-producing 
stable cell line


Documentation  
of monoclonality  


and stability


Functional and structural assays for your regulatory confidence







Plug & Play Upstream Development Service 


We offer you exactly the service and expertise needed to get you to your next milestone, balancing cost 
and speed to clinic without sacrificing quality at times when funding is often limited.  
 


Get Easy Access to a Tailored Suite of Services


We accommodate your needs at every step 


•	Leverage our experience with a variety of CHO cell lines or choose our proprietary CHOZN® license


•	Risk Assessment and Regulatory support


•	Analytical development in parallel to your cell line development to get you progressing faster


•	Clone selection in parallel to process development to save you 10 weeks to first PD experiment


•	No royalty fees assessed


•	Dedicated project managers keep you deeply involved in the process


•	Freedom to tech transfer at any stage, to any partner


Stability 
Study
Clone  


Selection


Standard Analytics
Early Material from  


Stable Pools


Cell Line Development
CHOZN® License


Benefits


Add-on services give you  
options to choose the path  
that’s right for you:


•	Off-the-shelf Media & Feed Screening


•	Analytical Method Development


•	Complete Analytics


•	GMP Master Cell Bank & Cell Bank 
Characterization 


•	MCB Storage







Our Expertise


Monoclonality and Stability Validation Approach


Get the confidence you need with our fully documented validation approach based on 
regulatory expectations and statistical approach. We provide you a report demonstrating 
monoclonality for each cell line in compliance with the validation dossier.


Analytical Method Development and Product Characterization


Our analytical method development and cell line development teams work side by side  
to enable a seamless process. Our BioReliance® Product Characterization team works in 
parallel to determine and monitor all key physiochemical, binding and functional Critical 
Quality Attributes of the molecule, in order to meet the expectations, set by the developer 
and to select the lead clone for the generation of the desired product.


Automated Mini-Pool Approach as Fast-Track Process


Our robust and automated mini-pool approach allows us to confidently generate early 
material for process development, reducing your timeline by 10 weeks. With the right 
balance of speed and risk, we run process development and clone selection in parallel, 
without ever sacrificing quality.


Process Development


When you are ready to proceed to process development, we can either support your tech 
transfer to any partner or we develop your process for you.







Get Access to a Wealth of In-House Expertise 


Product 
characterization, 
Biosafety testing


Cell line 
development


Biodevelopment 
and production


Boston, USA


Shanghai, China
Rockville


Glasgow, UK


Bordeaux, France GMP


Singapore
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InteGRated 
BIopRocessInG
Helping Biopharmaceutical Start-ups  
Navigate the Path to Commercialization







Pre-Clinical To 
Commercial 


The journey from large molecule to approved 
biotherapeutic is long, costly, complex, and fraught with 
risk – yet rewards for success are substantial. 


 
Knowing what to expect and who and where to go for guidance 
can provide confidence you're on the right track and accelerate the 
journey. From bench to full-scale production, we offer a full range of 
raw materials, tools, services, and technologies, from off-the-shelf to 
customizable, to accelerate development, optimization and scale-up 
of your process. Our in-house experts have decades of bioprocessing 
experience and will collaborate with you to tackle any development 
and processing challenge, as well as provide guidance on regulatory 
expectations and testing requirements to meet your compliance needs.


The Millipore® portfolio of Merck offers an 
ecosystem of industry-leading products and 
services, spanning preparation, separation, 
filtration and monitoring – all of which are 
deeply rooted in quality, reliability and 
timetested processes. Our proven products, 
regulatory and application expertise are 
a strong foundation you can rely on to 
consistently perform at the highest level.


The SAFC® portfolio of Merck offers 
customized and ready-to-use raw material 
solutions, backed by deep regulatory 
expertise. Our high-quality products and 
services are supported by an experienced 
and responsive team of raw material and 
regulatory experts who are committed to 
understand your requirements and provide 
tailored solutions that meet your exact needs.


The BioReliance® portfolio of Merck 
encompasses biopharmaceutical 
characterization, safety testing and 
process development, as well as clinical 
and commercial biomanufacturing. Our 
experienced teams and operational expertise 
make us the partner who supports you all the 
way and always has your vital goal in mind.


Denotes Millipore® products Denotes SAFC® products/services Denotes BioReliance® products/services
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CHOZN® Expression Platforms


The CHOZN® platform is a mammalian cell expression system based on CHO 
cells (Chinese Hamster Ovary) for fast and easy selection and scale up of stable 
clones producing high levels of recombinant protiens. CHOZN® platform is:


•	 High productivity 


•	 Highly robust and stable


•	 Proven scalability


•	 cGMP cell banked 


In addition, the CHOZN® platform provides complete traceability documentation.  


e® 


Cell Lines


The CHOZN® Omics Explorer
The CHOZN® GS-/-, fully-annotated, genome and transcriptome is available via a user-friendly, web-
based interface, the CHOZN® Omics Explorer, that provides an unprecedented ability to characterize 
and genetically examine the host cell line and associated manufacturing clones. The full genetic and 
trancriptomic transparency will maximize your efficiency to:


•	 Characterize transgene integration events with increased precision and confidence


•	 Characterize and compare the host cell line with associated manufacturing clones


•	 Better understand the underlying biology of favorable phenotypes


•	 Plan complex genome engineering strategies


•	 Design and utilize genome-wide screening tools


Key to the CHOZN® Platform is the development of 
the CHOZN® ZFN Modified GS-/- CHO cell line that 
eliminates the endogenous Glutamine synthetase 
(GS). The CHOZN® Platform also includes an 
optimized set of chemically defined (CD) cell culture 
media and feeds that have been developed to 
maximize the performance of the cell line.


The CHOZN® CHO K1 line is a suspension CHO K1 
cell line, adapted for high viability and productivity 


in chemically defined (CD) cell culture media for the 
expression of biologics. Our chemically defined (CD) 
cell culture media are highly recommended for use 
with the CHOZN® CHO K1 cell line.







Lot Release Testing 
Services
Every batch of biologic produced must 
undergo lot release testing to comply with 
comprehensive regulatory guidance on quality 
and safety. This includes detailed analysis of 
not only the raw materials, but also the bulk 
harvest, purified bulk (drug substance) and the 
final filled product (drug product). 


We support lot release testing at any stage 
of the biomanufacturing process including 
adventitious agent detection, identity, purity, 
potency, and residuals  
and excipients testing.


BioRepository 
Safe sample storage is our priority. We have a segregated, GMP compliant, 
storage facility for your samples across our 3 sites which mitigates  
the risk of interrupting your manufacturing operations through split 
site storage. 


Cell Banking 
Our cGMP production facilities allow our experts to produce 
your Master Cell Bank (MCB) and Working Cell Bank (WCB). 
Your MCB is critical to therapeutic product development 
and supports not only clinical development and 
manufacturing but also the commercial supply phase 
for biologicals. A WCB is produced from a single vial of 
the master cell bank (MCB) that has been grown for 
several passages and cryopreserved for later stages 
of therapeutic development and manufacturing.
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Cell Line Development


Using our proprietary CHOZN® GS-/- cell line, a de novo genome, transcriptome assembly and 
annotation was performed utilizing second generation (Illumina®) sequencing, third generation 
long-read (PacBio® Sequel) sequencing as well as ultra-long range interaction mapping via 
sequencing of Hi-C and CHiCAGO® libraries.
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e® 


Characterization


Our Cellvento® CHO and EX-CELL® Advanced products are optimized for 
CHO cell expression. For fed-batch applications we recommend medium and 
companion feed, however the feeds can be flexible combined with our media 
and other basal media as well. 


Cellvento® 4Feed is a high concentrated feed that includes our new modified 
amino acids and compaction technology. EX-CELL® Advanced HD Perfusion 
medium is specifically desinged for perfusion application and Cellvento® 
4CHO-X is designed to enable seed train intensification (N-1) addressing the 
different nutrient demand in perfusion. All products are proven to contribute to 
superior cell growth and productivity and are designed to support flexibility in 
production and increase of capacity.


Cell Culture Media, Feeds and 
Supplements
The bioproduction expression platform defines the 
quality and yield of your product and the efficiency of 
your production process. 


Selecting the right expression system and cell culture media is critical for your overall 
cell culture process development. We offer a proven ready-to-use cell culture media 
portfolio for fed-batch and perfusion applications supporting your needs from expansion to 
production scale to ensure your process meets your targets.
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Media & Feeds for  
CHO expression or 
mAb manufacturing 
 
Cellvento® 4CHO COMP Medium 


Cellvento® 4Feed COMP


Cellvento® 4CHO-X COMP  
Expansion Medium 


EX-CELL® Advanced CHO Fed  
Batch Medium


EX-CELL® Advanced CHO Feed


EX-CELL® Advanced HD Perfusion Medium


Cell Culture Supplements and Additives
We offer a comprehensive portfolio of non-animal 
origin cell culture supplements and additives to 
help you achieve consistent yields and simplify your 
regulatory process.


•	 CellPrime® portfolio including: rTrypsin, 
rLysozyme, rTransferrin, rAlbumin, rInsulin


•	 Long® R3 IGF
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Bioreactors, Mixers & Clarification Tools
Mobius® bioreactors are a scalable portfolio of single-use stirred tank bioreactors that provide flexibility 
through configurable software, hardware and single-use assemblies for use in suspension and adherent 
cell culture applications.


Our bioreactor platform has been designed to ensure that ease-of-use and operational flexibility  
at small scale can be translated to full-scale production.


Biologics Production 


Buffers, Raw Materials &  
Process Chemicals
We offer a broad range of high-quality raw materials, buffers and process chemicals for your upstream, 
purification and formulation steps with traceability of our sourced raw materials to ensure the quality and 
consistency of your product. We can provide a comprehensive, regulatory documentation package for our 
Emprove® products to support your regulatory filing. These include:


•	 Amino Acids


•	 Carbohydrates


•	 Vitamins


•	 Mineral Salts


•	 Buffers


•	 Cleaning in Place


•	 Process Chemicals for Purification


•	 Upstream Components and Supplements 


2000 L1000 L200 L50 L3 L


Pre-Clinical Phase 1 Phase 2 Phase 3 Manufacturing


Liquid Manufacture Capability and Capacity
We continue to progress our cGMP liquid manufacturing facilities and capabilities to meet or exceed current 
industry standards. We routinely provide a wide range of customized sterile filtered bulk liquids with lot 
sizes ranging 50L – 10,000L down-filled in single use bags suitable for use in clinical and commercial 
manufacturing processes.


•	 Cell Culture Media


•	 Upstream Buffers and Additives


•	 Downstream Purification Buffers


•	 Cleaning in Place Solutions


•	 Bulk Water (WFI – grade source)







Mobius® Power MIX
The Mobius® Power MIX single-use mixing systems 
combine high performance mixing technology 
with design features that make them easy-to-
use and are available in capacities from 50 L 
to 3000 L. The impeller design and motor are 
based on our magnetically coupled NovAseptic® 
mixing technology, a proven mixing technology 
in stainless steel tanks. These systems efficiently 
mix the most challenging buffers, media and 
biopharmaceutical ingredients.


Mobius® Single-Use Mixing Systems
The Mobius® single-use mixing solution delivers 
advanced technology for mixing pharmaceutical 
ingredients from intermediate to final drug 
products and for the preparation of process 
solutions, such as buffers and media.


This single-use integrated mixing solution offers 
economic and operational efficiency, saving 
valuable processing and validation time. The 
Mobius mixing solution includes mixer sizes 
ranging from 10 L to 3000 L (above 1000 L only 
Mobius® Power MIX), as well as an easy and safe 
powder delivery system.
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Clarification
With more than 40 years of clarification experience, we are 
committed to introducing innovative, easy-to-use technologies, 
like Millistak+® Pod and Clarisolve® disposable depth filters, to 
help improve your productivity and process efficiency.


Millistak+® HC Pro Synthetic Depth Filters 


Millistak+® HC Pro fully synthetic depth filters provide 
a cleaner and more consistent depth filtration media 
as compared to current diatomaceous earth (DE) and 
cellulose (CE) based filter media.


•	Reduced TOC extractables and a 50% reduction in 
the recommended pre-use flush volumes


•	No beta-glucans to interfere with Limulus amebocyte 
lysate (LAL) testing for bacterial endotoxins 


•	Improved lot to lot consistency


•	Provides as much as two times the filtration capacity with equivalent filter retention 
over commercial DE-based benchmarks for primary clarification


•	Improved HCP impurity clearance


Biologics Production 
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Unparalleled Scalability


Small Scale Lab Scale Pilot Scale Process Scale


The Pod holder system’s modular design makes it easy to configure a system for a specific application and 
conveniently reconfigure it as process capacity requirements scale-up or down. The flexible, modular format 
offers scalability from 5 up to 20,000 liters or more.


Millistak+® Pod Disposable Depth Filters
Millistak+® CE, DE, and HC Pod ideally is suited for primary and secondary clarification. These 
disposable depth filters offer flexibility and ease of use through their unique modular design.


•	Compact design maximizes product yield and minimizes  
facility footprint


•	Scalable from 5 L up to 20,000 L


•	Disposable pod device protects operators from exposure to biohazards and eliminates the 
cost of housings, Cleaning in Place (CIP) and cleaning validation







Clarisolve® Disposable Depth Filter
The innovative Clarisolve® depth filter is a fast and efficient way to clarify challenging, 
high density cell culture feed streams that require pre-treatment. The innovative 
Clarisove depth filter can be used with pretreatment solutions to improve the consistency 
and efficiency of clarification operations by reducing the levels of soluble process 
impurities such as host cell proteins (HCP) and DNA.


BioReliance®


Validation
Services


Clarification


When used with flocculation or 
precipitation: 
•	Eliminates the need for a centrifuge and reduces 


pre-use flush volumes, depending on the media 
grade, versus traditional depth filters


•	Enables single stage clarification for pretreated 
and high solids-containing feed streams; go 
directly from the bioreactor to downstream 
sterile filtration 
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Flocculants
To meet the technical challenges of high titer mammalian cell 
culture processes, our novel chemical flocculants can be used 
to pretreat high density cell harvests before clarification over 
Clarisolve® depth filters.


pDADMAC (poly diallyldimethyl-ammonium chloride) is a 
GMP-compliant cationic flocculation reagent targeted for 
biopharmaceutical applications. 


•	 Rapidly flocculates negatively charged cells and cellular debris into 
larger particles via via ionic interactions


•	 Minimal to no pH adjustments required to be effective 


•	 Clarisolve® 40MS depth filters support the clarification of feed 
streams treated with the pDADMAC polymer flocculant


Biologics Production 


Next Generation Clarification using the 
Clarisolve® Pretreatment Portfolio


Pretreatment 
Flocculation


Single-Stage 
Clarification


Clarisolve® Depth Filter
Sterile Filter
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Clarisolve® mPAA (modified poly (allyl amine)) is a stimulus-responsive 
flocculation polymer for simpler clarification of high density cell culture 
monoclonal antibody (mAb) processes. It offers an alternative to 
centrifugation, and can be used in combination with Clarisolve® depth filters.  


•	 Spontaneously flocculates negatively-charged cells and cellular debris 
into larger particles using a stimulus response 


•	 Affords considerable solubility reduction in the presence of a phosphate 
stimulus, added to the flocculated cell culture, to facilitate the removal of 
any excess unbound polymer by filtration


•	 Clarisolve® 60HX depth filters are specially designed for the clarification 
of feed streams treated with the Clarisolve® mPAA polymer flocculant  







Ultrafiltration and Diafiltration 
Our Pellicon® family of ultrafiltration products are the ideal 
solution for a range of high value applications. Pellicon® filters 
consistently deliver purity assurance at every stage and scale 
throughout the lifecycle of your drug products. 


Pellicon® 3 Cassettes 
Our advanced, high performance Pellicon® 3 cassettes, available with Ultracel® 
and Biomax® membranes, deliver high yield and consistent product purity and 
quality at every scale for the purification of mAbs, IgG, insulin, plasma, and 
vaccines. Pellicon® 3 cassettes offer the caustic resistance required for proper 
membrane regeneration with no product carryover after multiple reuse cycles. 
To overcome high viscosity challenges under normal processing limits and 
conditions, we offer the novel D screen, optimized to achieve higher protein 
concentrations.


Biologics Production 
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Pellicon® Capsules
Our innovative Pellicon® capsules with Ultracel® membrane 
are ideal TFF devices to process biopharmaceuticals that 
require single-use capabilities, including enhanced ease-
of-use, process flexibility, rapid product turnaround, and 
reduced operator exposure. First-of-its-kind, the capsule has 
a holderless, self-contained design and is provided gamma 
sterilized, offering easy installation and reduced pre-use steps. 


Pellicon® Single-Pass TFF
Single-pass TFF with Pellicon® 3 cassettes is a powerful purification approach to 
concentrate product without recirculation, allowing for higher final concentrations and 
improved product recovery compared to traditional TFF batch processes. It can easily run 
connected with other steps to reduce in-process volumes and intensify operations in the 
purification of therapeutics.


Concentration & 
Diafiltration
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Viral Safety
Viral safety is a critical aspect of biopharmaceutical/biologics 
production and relies on the well-established principles of 
“prevent, detect and remove” to assure drug safety for patients. 
These principles are the foundation of every viral safety strategy 
and depend on the approaches outlined below.


•	 Careful selection and pretreatment of raw 
materials to prevent adventitious viruses 
from entering processes


•	 Robust testing strategies to detect the 
presence of viruses in cell banks, raw 
materials, and process intermediates


•	 Implementation of technologies 
to remove or inactivate viruses in 
downstream purification 


Upstream Viral Safety
Bioreactors are at particular risk of contamination from adventitious agents. High profile viral 
contamination events have led manufacturers to re-examine risk assessments around viral 
safety and implement additional steps upstream of the bioreactor to reduce the risk of viral 
contamination. Such steps might include


— 	 Viresolve® Barrier filters specifically designed for processing 	
	 cell culture media


— 	 HTST (High Temperature Short Time) pasteurized 		
	 glucose 


— 	 Non-animal origin and chemically-	
		 defined raw materials 


— 	 Genetically modified virus resistant 	
		 CHO cell line


Biologics Production 


Viral safety is a critical aspect of biopharmaceutical production and relies on:







Viral Clearance


Viral Clearance 
Downstream purification operations improve viral safety by either 
removing or inactivating viral contaminants. 


Chromatography operations reduce levels of virus by affinity 
binding or binding based on charge or hydrophobicity. 


Many downstream processes include dedicated steps to reduce 
levels of viral contaminants through inactivation or size-
based removal. Our portfolio of high-quality chemicals can be used to inactivate viral 
contaminants using low pH, solvents or detergents. 


Virus filtration is a key component of viral safety in most downstream processes. 
The Viresolve® Pro Solution is comprised of the innovative, high-performing 


Viresolve® Pro Device in conjunction with the Viresolve® Pro 
Shield or the Viresolve® Pro Shield H prefilters. 


The Viresolve® Pro Solution works 
across a broad range of operating 
conditions delivering high 
levels of virus retention, high 
capacity and flux.


BioReliance® 
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BioReliance® viral clearance studies are 
designed and executed by experts in 
regulatory, downstream processing, and 
virology at our facilities in Singapore, 
the US, and the UK. Our global experts 
can support you with your IND and 
BLA studies in accordance to regulatory 
guidelines for monoclonal antibodies, 
recombinant proteins, and plasma 
derivatives. Our dedicated project 
management support and local teams of 
experienced technical experts accelerate 
your time to results and minimizes risk 
as you bring your product to market.
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Sterile Filtration 
Liquid filtration is performed at different steps in upstream 
and downstream processing. We provide a range of 
membranes that offer different levels of microbial retention 
performance in both single-use capsules as well as cartridge 
filter formats, to meet your specific process needs.


Milligard® PES Filters
Milligard® PES filters are designed for effective bioburden control 
and reliable removal of particles from a broad range of fluid streams. 
These filters reduce bioburden in non-critical applications and can 
be used as prefilters to improve the performance of sterilizing-grade 
filters and other unit operations.


You need filters to efficiently process buffers, cell culture 
media, process intermediates and purified drug product 
under your specific process conditions. Our comprehensive 
portfolio of products includes prefilters to reduce particulates 
and sterilizing-grade filters containing our trusted Millipore 
Express® or Durapore® membranes to deliver the highest 
levels of sterility assurance.  


OptiScale® capsules are ideal for quickly evaluating 
performance of different filters while our Opticap® capsules 
and cartridge filters are designed for pilot and production-
scale processing. All filters are available with different 
connection options offering maximum flexibility.


Biologics Production 
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Millipak® Final Fill Filters
Millipak® Final Fill capsule filters are designed for reliable final sterilizing 
filtration of small volume, high value solutions. These filters:


•	 Maximize product recovery in final and high value filtration steps 


•	 Simplify operation and reduce the risk of microbial and particulate 
contamination


•	 Contain trusted Durapore® membrane for high flow rates, low binding 
and extractables, and broad chemical compatibility
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Chromatography Resins
Our portfolio of reliable, trusted chromatography solutions has been optimized for your molecule 
across its entire life cycle, from early-phase development through commercial manufacturing.


Our proven tentacle technology offers a number of advantages compared to conventional resins 
due to increased accessibility of functional groups and binding of target molecules. This allows 
reliable purification and efficiency for your process with high selectivity, excellent yield and purity. 
We optimized the tentacular surface chemistry of our resins for different applications.


Protein Purification 
Chromatography 
You have a diverse set of molecules that need to be 
purified. We have a full suite of industry-trusted and proven 
chromatography resins and membranes to help you tackle 
them all from lab to process scale. 


•	 Membrane Chromatography


•	 Affinity Chromatography


•	 Ion Exchange Chromatography


•	 Prepacked Columns


•	 Process Chemicals


•	 Multi-use Systems


•	 Single-use Systems


Biologics Production 


Eshmuno® CP-FT resin Eshmuno® CPX resin Eshmuno® CPS resin
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Membrane Chromatography
By combining the functionality of resin-based columns, the flow 
rates of membranes, and single-use format, Natrix® membrane 
technology enables a new level of downstream productivity 
and versatility. Natrix® single-use membrane chromatography 
technology can be utilized for primary capture steps through 
intermediate and final polishing, and is adaptable to common 
functional groups and ligands.


Chromatography Buffers
For even the most complex purification challenges, we offer a 
comprehensive portfolio of buffers (organic and inorganic), deep 
bioprocessing expertise, and unrivalled regulatory support to meet 
your process challenges. 


Look to us for reliable, trusted chromatography products and 
buffers, optimized for your use in bioprocessing across its entire 
life cycle of your product, from early-phase development through 
commercial manufacturing.


Beads 
High Capacity & Selectivity


Bead-like binding 
capacity with 30x 


flow rate


Natrix® single-use 
membrane with unique 


3D porous structure


Membranes
High Flow Rate


Natrix® Proprietary Technology
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Cleaning In Place Solutions
Our tailor-made, top quality clean in place solutions save you 
time, money and effort. You can order the exact solution, in the 
volume you require, from our extensive clean-in-place (CIP)
portfolio produced at our GMP facility. We also provide technical 
support regarding packaging and full regulatory documentation 
to simplify approval and validation procedures.


1L 17.000L


Quality is the key every step of the way... 


Mobius® 
single-use 
assemblies


Ready-to-
use as well  
as custom 


options 


The highest 
quality raw 
materials 
supplied 
globally


Recyclable 
and returnable 


outer 
containers 


Strict quality 
procedures 
and control 


at our  
global sites 


Up-to-date  
regulatory 
support 


Resources for 
proper handling  


of hazardous 
goods 


Flexible 
filtration and  


sterile 
connectors


Transport  
Management 
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Fluid Handling 
From media preparation through final fill, our broad portfolio of Mobius® single-use manufacturing 
products, Lynx® connectors, and NovaSeptum® sterile sampling systems can help you work faster 
and more efficiently in your fluid handling processes. Mobius® 2D and 3D Assemblies and Storage 
Systems include a range of different options for product storage, transfer, tubing, handling and 
transport. Mobius® Mixers deliver advanced technology for mixing and offer operational flexibility as 
they can be up and running in a short time. Mobius® Bioreactors are a scalable portfolio of stirred 
tank bioreactors that provide flexibility by configuring software, hardware and single-use assemblies. 


The Mobius® MyWay portfolio is a design and delivery offering to help biopharmaceutical 
manufacturers implement flexible manufacturing with greater speed and enhanced supply security.


Mobius® SELECT Component Library 
For fast and easy process set up, configure-to-order assemblies from an optimized component 
library, shipped in only 6 weeks


•	 The perfect balance of off-the-shelf speed and custom flexibility


•	 Monitored component supply levels for reliable delivery


•	 Comprehensive documentation for fast and easy implementation







Formulation
Biomolecule Formulation with the Process in Mind
Chemicals play an important role in the stabilization of a biologic drug during its 
manufacturing and formulation – for instance, by preventing aggregation. We offer a 
wide range of high-quality stabilizers, buffers and salts to successfully formulate your 
biomolecules.


Specifically developed for high-risk applications, our buffers, salts and stabilizer are low 
in bioburden and endotoxins. They are supported by our Emprove® Program and come 
with extensive documentation, helping you minimize regulatory and quality-associated 
risks in your biopharmaceutical manufacturing. 


Benefit from:
•	 Reliable product quality


•	 Low endotoxin and microbial limits


•	 Emprove® Program supporting risk assessment


•	 Elemental Impurity Information according to ICH Q3D


Biologics Production 
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Why choose ADC Express™? 
Speed to selection: 


•	 Rapid production of multiple ADC constructs 
for screening 


•	 Leverages our platform technology with key 
analytics


ADC Express™ Features 
•	 Mini-prep scale: 10–20 mg ADC construct ± column purification 


•	 Medium-prep scale: up to 100 mg ADC ± column purification 


•	 Certificate of testing with key quality attributes 


— ADC concentration 


— Payload density/DAR (drug antibody ratio) 


— Monomer/aggregate content 


— Endotoxin 


ADC Express™ 
Pre-clinical Conjugation Services for the  
Best Candidate Selection 
Speeding your path to the clinic — with ADC Express™ 
As an industry leading contract manufacturing organization (CMO) in the Antibody-Drug 
Conjugate (ADC) space, we are offering a rapid approach for developing your ADC constructs. By 
using our extensive bioconjugation expertise we can reduce your time to produce development 
grade constructs for target molecule identification. To efficiently turn your and our antibody, linker 
and payload into an ADC we will leverage our established platform technology. 


Speed to clinic: 


•	 Our expertise for reliable scale up of 
your target molecule 


•	 Benefit from a reliable partner offering 
comprehensive services for GLP and GMP 
production 


•	 Supply chain consolidation gives you 
comprehensive ADC services within one 
organization
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The Advanced Emprove® Program
The Emprove® Program. Your fast track through  
regulatory challenges.
Ensuring the compliance of your pharma and biopharma products involves the compilation of a vast 
amount of data, which can be time- and resource-intensive. In order to facilitate and accelerate 
this process we developed our Emprove® Program. It includes more than 400 pharma raw and 
starting materials and a selection of filtration and single-use products. Each product in the portfolio is 
complemented with three different types of dossiers supporting you throughout the different stages of 
your operations: qualification, risk assessment, and process optimization, speeding your way through the 
regulatory maze.


Biologics Production 


The Emprove® Program simplifies your processes by:


•	 Accelerating approval preparation


•	 Facilitating qualification processes


•	 Supporting risk assessment, management and mitigation


•	 Increasing supply chain transparency


•	 Saving time and money


When using raw and starting materials including excipients, risk levels vary depending 
on the product manufactured and its application. The different categories provide exactly 
the information for the products used as per the end user’s needs.
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EMPROVE® EVOLVE 
product line provides fit-for-purpose high quality 
raw materials designed for the earlier stages of 
regulated manufacturing processes along with 
detailed and transparent supply chain information 
and documentation to support risk assessments. 


EMPROVE® ESSENTIAL 
product line is designed for moderate risk levels. 
Best-in-class regulatory support is combined with 
our high quality standards.


EMPROVE® EXPERT 
product line addresses higher risk applications, 
where the lowest microbiological and endotoxin 
levels are of utmost importance. These products 
are documented as being manufactured with low 
microbio logical and endotoxin levels.


EMPROVE® API 
product line provides the right quality and 
regulatory documentation required for active 
pharmaceutical ingredients. All the products in this 
line are manufactured in Europe and comply with 
ICH Q7 requirements.


Emprove® Program for Filtration and  
Single-Use 
Due to the need of high transparency and 
standardization across the whole supply chain, the 
Emprove® Program also includes filtration and single 


use technologies ranging from sterile, clarification 
and virus filters to single-use components used in 
the major steps of the biopharmaceutical process. 
Extractables data summarized as per BioPhorum's 
(BPOG) standard testing protocol and USP <665> 
form a part of the dossiers to support safety risk 
assessment seamlessly.


The three different types of dossiers support 
you throughout the different stages of your 
operations:


Material Qualification Dossier – Information to 
start material qualification.


Quality Management Dossier – Answers questions 
during risk assessment.


Operational Excellence Dossier – Supports 
process optimization


Comprehensive regulatory information at 
your fingertips 
The Emprove® Suite is your online gateway to 
conveniently access all our Emprove® dossiers on 
demand. The Emprove® Suite is always up-to-date 
and optimized for any targeted search. While the 
material qualification dossier is available free of 
charge on our website, the full access to all dossiers 
anytime in the Emprove® library is available through 
a one-time subscription for 1, 2 or 5 years.
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M Lab™ Collaboration Centers
Our M Lab™ Collaboration Centers provide a global network 
of vibrant collaboration spaces where you can explore ideas, 
learn innovative techniques and work side by side with experts 
to solve critical process development challenges. These nine 
non-GMP labs offer you the flexibility to troubleshoot and test 
without impacting your production line. Staffed by a network of 
technical experts, these labs are where we solve your toughest 
problems — together.


Our Global Network 


Global Process Development Network
With sites around the world, we can quickly accommodate your evolving needs at a 
time and a place that works for you. Access the support of our global network of more 
than 200 scientists, engineers and technicians including process development scientists, 
biomanufacturing engineers and systems process engineers.
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•	Overcome barriers to single-use implementation


•	Receive guidance for process development and 
scale up


•	Troubleshoot existing processes


•	Gain technical knowledge required prior to new 
product adoption


•	Acquire new skills and expertise in bioprocessing 
and formulation development


•	Discover best practices and techniques for 
adopting next generation bioprocessing


•	Develop and test new procedures prior to 
implementation


Why Visit an M Lab™ Collaboration Center?
At the M Lab™ Collaboration Centers, no challenge is too great. 
Our technical expertise spans all aspects of the process train. 
Areas of support we offer include, but are not limited to:
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BioReliance® End-To-End Solutions
Contract Development and Manufacturing Services


Adaptability. At Every Stage.
We are a contract development and manufacturing 
organization within one of the largest science and 
technology companies in the world. We bring a 
wealth of in-house expertise and leverage our 
bioprocessing technologies, offering integrated 
packages from cell line development and process 
development to GMP manufacturing. Our clients 
include early-stage and small biotech companies. 
We offer a flexible approach to balancing cost, 


A Global Network of Biodevelopment Centers


Our Experts Implement Custom Solutions from DNA to Market


Pre-clinical Phase I Phase II Phase III Commercial


Cell line development


Process development


CMP Clinical Manufacturing


Cell banking


Characterization testing Lot Release testing


Process validation, scale up, TT


Analytical development


Biologics Production 


risk and speed to clinic, utilizing our 33+ years of 
experience that helps you make informed decisions. 
When you work with our BioReliance® End-to-
End Solutions team, you have access to all our 
services, regulatory expertise and our latest Single-
Use technologies – all without upfront payment 
or booking fees, while having a dedicated project 
manager.


•	Pilot production up to 200 L


•	Non-GMP clinical production


•	Footprint 1500 m2


Boston, U.S.


Shanghai, ChinaBordeaux, France


•	Fully single-use manufacturing 
capabilities


•	Pilot production up to 200 L


•	GMP clinical production up  
to 4,000 L


•	GMP commercial production 
planned for 2020


•	8 single-use Mobius® bioreactors


•	Footprint 41000 m2


•	3 manufacturing suites


•	Pilot production up 
to 200 L


•	Non-GMP clinical 
production


•	GMP clinical 
production planned 
for 2020


•	Footprint 5150 m2







BioReliance® cell banking services provide cGMP manufacturing of 
mammalian master and working cell banks.


Cell Line Characterization services: 


Cell line characterization is the process of evaluating the identity, purity and 
genetic stability of the cell line. Recognized as a global leader in biosafety 
testing, we have proven expertise in every aspect of cell line characterization. 
Operating from global, world-class facilities — staffed by highly trained 
personnel and equipped with the very latest technologies — we offer a full 
range of identity, purity and genetic stability testing services.


Plug & Play Upstream Development Service


Get Easy Access to a Tailored Suite of Services


Cell Line Development
CHOZN® License


Standard Analytics
Early Material from  


Stable Pools


Stability Study
Clone Selection


A plug & play service 
tailored exactly to  
your needs


Leverage our expertise in 
cell line development


Enjoy freedom from royalty fees


Take advantage of our mini-pool approach to 
speed up development by up to 13 weeks


Material from mini-pods can be used to initiate process development.


4 weeks
Expression Vector


11 weeks
Stable Pool Generation


13 weeks
Single Cell Cloning


Process Development


4 weeks
Expression 


Vector


2 weeks
Stable Pool 
Generation


7 weeks
Single Cell 


Cloning


Process 
Development


FAST 
TRACK


Support for all phases of drug development


Service Preclinical Phase I Phase II Phase III Commercial


Cell banking & testing • • • • •


Raw materials testing • • • • •


Lot release testing • • • • •


Clearance validation • •


Virus manufacturing • • • • •
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Add-on services give you options to choose 
the path that’s right for you:


•	 Off-the-shelf Media & Feed Screening


•	 Analytical Method Development


•	 Complete Analytics


•	 GMP Master Cell Bank & Cell Bank 
Characterization


•	 MCB Storage
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White Paper


Executive Summary
To promote the use of state-of-the-art technologies  
while ensuring that these new software solutions meet the 
safeguards and regulations of traditional paper-based record 
keeping, the FDA issued 21 CFR Part 11 regulations to 
establish standards under which new electronic documentation 
and electronic signatures are regarded trustworthy, reliable, 
and generally equivalent to paper records and handwritten 
signatures on paper.


Bio4C™ ProcessPad software is a data visualization,  
analytics, and process monitoring platform that securely 
acquires and stores batch processing and analytical 


testing data and makes the data available for continuous 
process verification, investigations, reporting, and process 
benchmarking operations for the pharmaceutical and 
biopharmaceutical industry. 


Bio4C™ ProcessPad is used within organizations on 
applications where 21 CFR Part 11 is applicable. It aids 
organizations in their compliance efforts by meeting  
applicable requirements of 21 CFR Part 11. Additionally, 
software validation services are provided as part of a  
Bio4C™ ProcessPad deployment.


21 CFR Part 11 Compliance
The sections that follow provide a summary as to how  
Bio4C™ ProcessPad software assists in compliance with 
relevant 21 CFR Part 11 sections. Excerpts from the  
regulation are provided in bold text. This summary is  
for information purposes only and is not comprehensive. 
Contact a representative if further detail is required.


§ 11.10(a) Validation of systems to ensure accuracy, 
reliability, consistent intended performance, and the 
ability to discern invalid or altered records.


Bio4C™ ProcessPad was developed following Software 
Development Life Cycle (SDLC) practices for software 
development and validation in which each stage of  
product development is carried out with the associated 
documentation. Moreover, we provide validation services  
as part of its installation and qualification of the Bio4C™ 
ProcessPad application. 


§ 11.10(b) The ability to generate accurate and 
complete copies of records in both human readable  
and electronic form suitable for inspection, review,  
and copying by the agency. 


Records include data associated with batch records and 
analytical records. Bio4C™ ProcessPad stores this information 
in a secure database which may be accessed in human 


readable form through the Bio4C™ ProcessPad user interface. 
Data can be downloaded from the system in the form of charts 
and reports in image, PDF or Microsoft® Word format.


§ 11.10(c) Protection of records to enable their  
accurate and ready retrieval throughout the records 
retention period.


All records and their metadata are stored securely within  
the Bio4C™ ProcessPad database. Bio4C™ ProcessPad 
doesn’t automatically create, modify or delete any of the  
data associated with these records. Also, the on-premise  
client hosted system needs to have mechanism and access 
controls in place to gain access to the server hardware and 
system software.


§ 11.10(d) Limiting system access to  
authorized individuals.


The system has multiple levels of security. User profiles with 
associated roles must be granted by the system administrator 
before access to the software is possible. Each user is assigned 
an account with a unique username and password, both of 
which are required to log in to the system. The user’s identity 
and role are combined to determine whether access to a 
feature within Bio4C™ ProcessPad is permitted or denied.


Facilitating 21 CFR Part 11 
Compliance with Bio4C™ ProcessPad


The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the U.S. and Canada.







Converge, Intensify and Evolve. Together.
BioContinuum™ Platform


An expanding environment of advanced processing, 
software, automation and analytic technologies, 
unlocking the potential of Bioprocessing 4.0 and 
empowering biomanufacturers to achieve greater 
speed, flexibility and quality.


§ 11.10(e) Use of secure, computer-generated, time-
stamped audit trails to independently record the date
and time of operator entries and actions that create,
modify, or delete electronic records. Record changes
shall not obscure previously recorded information.
Such audit trail documentation shall be retained for a
period at least as long as that required for the subject
electronic records and shall be available for agency
review and copying.


Each action performed in the system including modifying, 
creating, and deleting data are written automatically to audit 
trail tables in the system’s database.


§ 11.10(g) Use of authority checks to ensure that only
authorized individuals can use the system, electronically
sign a record, access the operation or computer system
input or output device, alter a record, or perform the
operation at hand.


Bio4C™ ProcessPad uses a combination of a username 
and password to authorize user access to the application. 
The access to various features such as records creation, 


modification, and deletion is controlled by assigning roles to 
the user. Role specific permissions exist for each of the roles. 
Only a user belonging to the specific role will have access 
to the features specific for that role. Regarding the rights to 
electronically sign a record, this is not applicable to Bio4C™ 
ProcessPad because it is not the primary source of data  
or record.


§ 11.10(k) Use of appropriate controls over systems
documentation including: (1) Adequate controls over
the distribution of, access to, and use of documentation
for system operation and maintenance. (2) Revision
and change control procedures to maintain an audit
trail that documents time-sequenced development and
modification of systems documentation.


The Bio4C™ ProcessPad system documentation is updated 
and distributed with each version of the software. Each  
set of documentation, including, user manuals and 
administrator manuals, are uniquely identifiable as  
applying to a specific version.


© 2020 Merck KGaA, Darmstadt, Germany and/or its affiliates. All Rights Reserved. MilliporeSigma, the vibrant M, Millipore, BioContinuum and Bio4C 
are trademarks of Merck KGaA, Darmstadt, Germany or its affiliates. All other trademarks are the property of their respective owners.  
Detailed information on trademarks is available via publicly accessible resources.
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Pharma & Biopharma
Raw Material Solutions


Preparation, Separation, 
Filtration & Monitoring Solutions


Pharma & Biopharma
Manufacturing & Testing Services


For additional information
please visit EMDMillipore.com/Bio4CProcessPad


To place an order or  
receive technical assistance


please visit EMDMillipore.com/contactPS 
or email ProcessPadSupport@EMDGroup.com


MilliporeSigma 
400 Summit Drive 
Burlington, MA 01803
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Process Lifecycle Management


Bio4C™ ProcessPad allows scientists and engineers to collect 
process development data and leverage it throughout the 
entire lifecycle for effective knowledge transfer during  
process characterization through scale-up to large scale  
GMP manufacturing.  


Core process functions create and consume process data in 
similar ways with similar underlying metadata and context. 
Bio4C™ ProcessPad helps manage and serve contextual 
process information throughout the lifecycle of Quality  
by Design (QbD), Process Analytical Technology (PAT)  
and Continued Process Verification (CPV). 


•	� Efficiently capture all development, scale-up, and 
commercial process execution data on a single platform


•	 Easily manage specification or control limits history


•	� Utilize historical data for investigations and 
process improvement


•	 Simplify the tech transfer process


•	� Instant access to the latest version of process map/
genealogy (CQAs, CPPs, sampling plans)


Bio4C™ ProcessPad provides a platform to capture, modify, 
and track your critical performance parameters (CPPs) or 
critical to quality attributes (CQAs). Over the lifecycle of the 
product, users can monitor the process’s evolution with full 
traceability of critical to quality parameters and control limits 
applied to CPPs or CQAs. Using Bio4C™ ProcessPad, users 
track, compare and build reports on process development  
and manufacturing datasets making tech transfer easy 
and making historical process knowledge available during 
commercial manufacturing. Scientists and engineers can  
build discussion forums around development and 
manufacturing data reports to collect and archive subject 
matter expert process knowledge for later search and retrieval 
(even if a subject matter expert leaves the organization –  
the knowledge remains with you).
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The Food and Drug Administration (FDA) guidance on 
continued process verification and the EU GMP Annex 
15 requirements for ongoing process verification direct 
pharmaceutical and biopharmaceutical manufacturers to 
ensure that their processes remain in a continual state 
of control (a validated state) during the lifecycle of the 
product so that the strength, quality, and purity of the final 
drug product is maintained. Both regulatory agencies direct 
manufacturers to develop sustained programs which collect 
and analyze product and process data to evaluate the state 
of control and to identify product or process problems or 
opportunities to implement improvements. 


A product’s lifecycle normally consists of 3 phases:  
process design, process performance qualification, and the 
last and lengthiest, continued process verification (CPV)  
which carries on throughout the lifespan of the product 
(Figure 1.) 
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Figure 1. Product Lifecycle


Until recently biopharmaceutical manufacturers focused 
predominantly on the process design and process performance 
qualification phases of the product lifecycle; given recent FDA 
and EMA guidance to institute ongoing programs to collect 
and analyze product and process data, the industry is now 
giving equal attention to CPV. CPV has become a part of the 
observations in recent warning letters of regulators either due 
to lack of complete understanding of the concept or lack of 
right tools to perform CPV in an efficient way. Below are some 
excerpts from the FDA warning letters.


In pharmaceutical and biopharmaceutical manufacturing, the 
amount of process and analytical data per batch is very high. 
If a structured procedure is not followed, manually collecting 
the data and trending it statistically is time-consuming and 
error prone. Among many tasks, CPV requires collecting 
process parameter data, trending it against statistical 
control limits, and calculating process capability (Cpk and 
Ppk) at defined intervals or after every few batches. Since a 
structured CPV program is now a regulatory expectation for 
process manufacturing and quality operations, the industry 
seeks an automated software solution built specifically for 
ongoing process verification. 


Bio4C™ ProcessPad is a data visualization, analytics, and 
process monitoring platform that enables bioprocess lifecycle 
management, reporting, investigations, and continued process 
verification. It allows biopharmaceutical scientist to collect and 
manage data from paper-based records, spreadsheets, batch 
record data, quality control data, external databases, data 
historians, and streaming machine data in a single software 
environment. Bio4C™ ProcessPad provides data visualizations 
and analytical tools for straight forward statistical trending of 
data control charts, correlation charts, box plots, etc. It also 
offers easy reporting including campaign reports, process 
summary reports, Annual Product Reviews (APRs) and Annual 
Product Quality Review (APQR). Along with offline monitoring 
of data, the Bio4C™ ProcessPad-RT collects, aggregates, and 
provides direct web-browser access to real-time streaming 
data from processing equipment such as bioreactors, 
chromatography systems, buffer systems, etc. 
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From the process design stage through commercial 
production, process validation  collects and evaluates data  
and establishes scientific evidence that a process is capable  
of consistently delivering quality product.


Process validation involves a series of activities taking place 
over the lifecycle of the product and process. Its activities can 
be divided into three stages:


1.	� Process Design: The commercial manufacturing process 
is defined during this stage based on knowledge gained 
through development and scale-up activities. 


2.	 �Process Qualification: During this stage, the process 
design is evaluated to determine if the process is capable 
of reproducible commercial manufacturing. 


3.	� Continued Process Verification: Ongoing assurance is 
gained during routine production that the process remains 
in a state of control.


In this eBook we will outline a strategy and all the associated 
components required to establish a compliant and efficient 
CPV program.


Successful process design and process qualification determine 
that the process can reproducibly produce a commercial 
molecule. Continued process verification  ensures that the 
process remains in a state of control and is steadily producing 
a medicine of desired quality. Unlike process validation’s first 
two stages which have a distinct endpoint, CPV is sustained 
for the life of a drug molecule and requires a comprehensive 
strategy. Following are the key components required to 
establish a CPV program:


1.	 Parameter classification and statistical treatment of data


2.	� Determining process capability (Cpk) and process 
performance (Ppk)


3.	 Parameter monitoring


4.	 Out-of-trend detection rules


5.	 Documentation and reporting


Parameter Classification and Statistical Treatment of Data
Parameter Classification
Process Characterization, Process Validation or In-process 
Control process description documents define parameter 
classifications and set initial action or specification limits.  
Table 1 summarizes the parameter definitions and their role  
in process monitoring. All the Critical Process Parameters 
(CPP) and Key Process Parameters (KPP) mentioned in the 
process description documents should be monitored in the 
program. Monitored parameters (MP) are optional and ought 
to be selected on a case-by-case basis based upon relevant 


subject matter expert prior manufacturing experience and 
process development knowledge. A risk analysis can also be 
performed to from each parameter type.


In the next step, limits are defined and applied to each 
parameter type. 


Table 2 describes all the limits which need to be considered 
during process monitoring.


Table 1. Parameter Types


Parameter Type Abbreviation Description Routine Monitoring


Critical Process Parameter CPP A performance or input parameter that directly 
impacts product identity, purity, quality, or 
safety.


Must


Key Process Parameter KPP A performance or input parameter that directly 
impacts CPPs or is used to measure the 
consistency of the process step.


Must


Monitored Parameter MP A performance or input parameter that may or 
may not impact KPPs and is used to measure 
the consistency of the process step or routinely 
trended for troubleshooting purposes.


Not all, case by case basis


Process validation 
and positioning of CPV
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Table 2. Limit Types and Applications


List Name Abbreviation Description Limits Source Applicable to  
Parameter Type


Specification Limits USL, LSL These limits are defined based on process 
characterization limits. Any excursion from 
these limits will cause out of specification 
and batch rejection.


Process 
Characterization, 
Process Development


CPP


Action Limits UAL, LAL These limits are process validation ranges. 
Any excursion from these limits will cause 
major process deviation or discrepancy.


Process Validation CPP, KPP


Alert Limits or 
Statistical Control 
Limits


UCL, LCL These are monitoring ranges derived from 
historical runs for out of trend detection 
and measurement of process consistency.


Statistical: Process 
History >15 
commercial batches


CPP, KPP, MP


Target CL The target (or centerline) is derived again 
from historical runs as a measure to keep 
the process consistent and proactively alert 
if process is deviating from set target.


Statistical: Process 
History >15 
commercial batches


CPP, KPP, MP


Note: CL=centerline, UCL=upper control limit, LCL=lower control limit, SD = standard deviation


Statistical Treatment of Data
Once the parameter criticality for the desired product quality is determined and parameters classified accordingly, the next step 
is to perform statistical treatments on the data to determine statistical control limits for the desired performance parameter. 


Determining the Distribution of Data for Each Process Parameter


Different types of data distributions and statistical treatment for control limits evaluation for each distribution type.


Table 3. Data Distribution and Statistical Treatments 


Distribution Sample Graph Description and Examples Typical Limits Applied


Normal


Most of the process parameters will follow this distribution 
of a normal/Gaussian bell shaped curve.


CL Average  


UCL Average + 3 SD 


LCL Average – 3 SD


Non-normal  
(Beta or Gamma)


Some parameters will not follow a normal distribution 
pattern and follow a skewed distribution. For example 
most of the data related to process impurities will be 
skewed towards the lower bound (approaching a value 
of 0). Some parameters like cell viabilities would be 
skewed toward the upper bound (approaching a value  
of 100%).


CL Median 


UCL 99.865th Percentile 


LCL 0.135th Percentile


Specification limits and action limits are defined during process design and qualification and the first 15 to 30 batches can be 
trended against these limits. Alert limits (or statistical control limits) should then be defined based on these historical/initial 15 
to 30 batches.
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Setting Up the Control Limits.


How data is distributed determines the procedure for setting up in-process control limits for the continued process 
verification program (Figure 2).


DETERMINING CONTROL LIMITS


SET CONTROL LIMITS


How the data is distributed determines the procedure for setting up 
in-process control limits for the continued process verification program


CALCULATE 
LIMITS


based on standard 
deviations (1,2 or 3SD) 


for UCL and LCL. Calculate 
Average for centerline 


(Exclude known 
outliers)


Is the data 
normally 


distrubuted?


CALCULATE 
LIMITS


based on 99.865th and 
0.135th percentile as 
UCL and LCL and 50th 
percentile as center- 
line (Exclude known 


outliers)


NO YES


QUALITY 
ATTRIBUTE


Figure 2. Determining Control Limits


Rules for Excluding or Including Data Points


The batches used for control limit estimation should 
represent only the inherent process variability (common  
cause variations). To represent the true processes against 
which future process results can be compared, all batches  
with special causes or assignable root-cause deviations  
(for example, arising due to process changes, equipment 
failures, mechanical faults, operator errors etc.) should be 
excluded from limit calculations. When a process change 
is applied, the control limit calculations should restart for 
monitoring parameters for the process steps affected with 
change (and all impacted steps downstream of the affected 
process step) starting from batche where the process change 
is applicable.


Once the control limits for all the CPPs and KPPs (parameters 
being monitored) are defined, it should be documented in  
an In-process Control and Monitoring (IPCM) document.


Setting Up Statistical Process Control (SPC)


Statistical process control (SPC) is an important element of 
CPV and a process control chart (Figure 3.) plays the most 
important role in SPC and any process monitoring program. 
A successful CPV system should not only create SPC charts 
from validated data, it should also store, display, and evaluate 
the control chart statistics based on historical limit changes. 
Hence, an efficient CPV system should always have the 
capability to capture not only historical data, but also the 
contextual knowledge (meta data) of historical changes in 
control limits.
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Determining Process Capability (Cpk) and Process Performance (Ppk) 
A manufacturing process is a unique combination of its 
manufacturing environment comprised of machines,  
methods, and people engaged in the production process. 
Process capability indices provide a quantitative way to 
determine the performance and future capability of the 
process within the desired quality boundary for the given 
manufacturing environment.


Process capability indices have been used in manufacturing 
to provide quantitative measures on process potential and 
performance. The output of a process can be a product 


characteristic or a process output parameter. Process 
capability indices (Cp, Cpk,) provide a common metric 
to evaluate and predict the performance of processes 
and summarize process performance relative to a set of 
specifications (i.e. quality boundary).


Periodic capability studies should be conducted to predict the 
overall ability of a continuous distribution process to make 
products within the required specifications.


Figure 3. Process Control


Estimating Process Capability for  
Normally Distributed Data
Process capability (Ppk, Cpk) for a normally distributed 
monitoring process parameter will be calculated using  
the following:


Where
USL = Upper Specification Limit (for CPP) or Upper Action 
Limit (for KPP)
LSL = Lower Specification Limit (for CPP) or Upper Action 
Limit (for KPP)


Avg = Average or mean of the population under analysis


σ = Standard deviation of the population under analysis


σMR = Moving Range Standard Deviation


Estimating Process Capability for  
Non-Normally Distributed Data
Since the average and standard deviations will not represent 
the non-normally distributed data correctly, process capability 
(Cpk) cannot be estimated for non-normal data. Instead 
Process performance (Ppk) will be evaluated based on all of 
data points in terms of percentile ranges. For a non-normally 
distributed monitoring process parameter, Ppk will  
be calculated using the following:


Where
USL = Upper Specification Limit (for CPP) or Upper Action 
Limit (for KPP)


LSL = Lower Specification Limit (for CPP) or Upper Action 
Limit (for KPP)


X0.50 = Median of the population under analysis


X0.99865 = 99.865th Percentile of the population  
under analysis


X0.00135 = 0.135th Percentile of the population under analysis
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Parameter monitoring
During process monitoring, a performance parameter 
under the monitoring program will undergo different 
monitoring modes (or phases) depending upon the 
number of data points and accumulated history of 
the parameter being monitored.


Monitoring phases
Different monitoring phases (Figure 4) are explained 
in the following diagram.


Preliminary Process  
Monitoring Phase
The Preliminary Process Monitoring (PPM) phase is 
primarily a data collection or accumulation phase 
for obtaining enough historical information to make 
reasonable assumptions on inherent variability 
(common cause variation) of the parameter and 
estimate a statistical control limit with reasonable 
confidence. The PPM phase should run for a minimum 
of 15 data points. During this phase no statistical 
control limits will be applied to any parameter types. 


Statistical Process Control  
(SPC) Phase
Once the basic history of a parameter (capturing 
common cause variability) is accumulated, control 
limits will be established using statistical methods 
and procedures described in earlier sections.  
All parameter data received after the PPM phase  
will be trended against these newly established 
control limits.


Resetting or Revising  
Control Limits
Control limits should be periodically re-evaluated, 
revised, or reset as appropriate based on the 
following:


Enough Batch History
Alert limits should be periodically re-evaluated after 
every 25-30 batches after entering the SPC phase. 
This will prompt tightening or widening of limits 
based on further accumulated process knowledge. 
The batches used for limit evaluation should be free 
from any special cause variation.


Process Changes
If changes to processes are introduced after entering 
the SPC monitoring phase, the alert limits should 
be reset, and all parameters affected downstream 
of where the change was introduced should enter 
the PPM phase to re-gather history for new process 
conditions until it enters SPC phase again.


Figure 4. Process Monitoring Phases
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Trending Rules
Some form of Nelson (or Western Electric) rules should be 
established and used for out-of-trend detection as a method to 
determine if some process parameters are out of control.


Examples of Rule Definitions
The first four Nelson rules that can be used to trend 
parameters and detect out-of-control batches are described in 
Figure 5 below.


Figure 5. Nelson Rules


Rule 1. 


One point is more 
than 3 standard 
deviations (UCL, 
LCL) from the mean. 


LCL


UCL 3σ


2σ


1σ


X


Rule 1: One point is more than standard 
deviations from the mean


One sample (two shown 
in this case) is grossly 
out of control.


Rule 2. 


Nine (or more) 
points in a row are 
the same side of the 
mean. 


LCL


UCL


X


3σ


2σ


1σ


Rule 2: Nine or more points in a row
are on the same side of the mean


Some prolonged  
bias exists.


Rule 3. 


Six (or more) 
points in a row 
are continually 
increasing (or 
decreasing).


LCL


UCL


X


3σ


2σ


1σ


Rule 3: Six or more points in a row
are continually increasing or decreasing


A trend exists.


Rule 4. 


Fourteen (or 
more) points in a 
row alternate in 
direction, increasing 
then decreasing. 


LCL


UCL


X


3σ


2σ


1σ


Rule 4: Fourteen or more points in a row
alternate in direction, increasing then decreasing


This much oscillation 
is beyond noise. This 
is directional, and 
the position of the 
mean and size of the 
standard deviation  
do not affect this rule.
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Figure 6. Feedback Form


Rule Violation Investigation Approach
A batch violating any of the four trending rules should be 
properly investigated and closed with appropriate corrective 
and preventative actions (CAPA). Since these investigations 
do not impact the disposition of a batch, it will not follow 
the rigor of a formal quality management system; however, 
the process monitoring group should be responsible 
for tracking all such investigations related to trend rule 
violations. Furthermore, subject matter experts (SMEs) 


should be consulted appropriately with a formal feedback 
form. These feedback forms should be documented within 
the process monitoring group and summarized (and attached 
as appendix) in the periodic process monitoring summary 
reports. An example of the investigation form that can be 
used by SMEs is shown in Figure 6.
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Documentation and Reporting
Routine monitoring status should be periodically presented to 
key process stakeholders within the organization and reports 
published to document the process knowledge as explained in 
the following sections.


In-process Control and Monitoring  
(IPCM) Document
An IPCM document should be prepared for each commercial 
process for each manufacturing location. The document should 
list all performance process parameters (CPP, KPP and MP) 
that will be routinely monitored with appropriate justification. 
This document should also list process limits (specification, 
action and control limits) for all monitored parameters along 
with suggestions on statistical treatment of each parameter 
based on distribution of data. This document should be 
periodically revisited for any additions or removals of a 
monitored parameter, changes in process limits, or statistical 
treatment. All changes to the monitoring plan should be added 
as addendums or annexures. It is suggested to have a limit 
change log for each monitored parameter in this report. This 
document should be version controlled. At a minimum, the 
IPCM document should contain the following sections:


•	 Process flow chart


•	� Table providing a list of process monitoring parameters 
(CPP, KPP, and MP). The table will include the following:


	 •	� Justification for including the parameter in the 
monitoring program and reason for monitoring


	 •	� If any KPP or CPP is excluded from the monitoring 
program, a justification as to why should be recorded


	 •	� Report ID of the reference report where justification of 
why a parameter is a CPP or KPP is given


•	� Table providing Specification Limits for CPP and Action 
Limits for CPP and KPP which should also include:


	 •	� Observed distribution of model data set for  
limits calculation


	 •	� Report ID of reference report which where the source of 
specification and action limits is given


•	� Table providing Control Limits (UCL, LCL, and CL) of all 
monitored parameters (CPP, KPP and MP)


•	� Change log of all control limits when the limits are revised 
referencing the report ID of investigation that lead to 
change of limits


•	� Distribution Q-Q plots of all monitored (CPP, KPP, MP) 
parameter (Annexure)


Periodic Presentation of Process Trends
All monitored parameters should be routinely trended on a 
weekly basis for each commercial process with respect to 
each processing location (manufacturing site or manufacturing 
suite). When commercial operations are ongoing, key findings 
(alerts, etc.) from routine monitoring should be presented to 
key stakeholders at a regular frequency (preferably every 2 
to 3 weeks; not exceeding 4 to 6 weeks). Key stakeholders 
should include people from manufacturing, process 
development or manufacturing sciences, quality control  
and quality assurance.


Quarterly Process Summary Reports
Process Summary Reports should be published every quarter 
for each commercial process per manufacturing location. At 
a minimum, the summary report should contain the following 
sections:


•	 List of batches produced


•	 High Impact Process Deviations
	 •	 Root cause (if identified)
	 •	 CAPA (if identified)
	 •	� Impact on monitoring (include/exclude from future 


monitoring statistics)


•	 Trend Rule Violations
	 •	 Nelson 1 violations
	 •	 Nelson 2,3 and 4 violations


•	 Assessment of Process Capability


•	 CAPA
	 •	 Trend CAPAs identified
	 •	 Status of CAPA for last quarter report


•	� Duly filled Nelson assessment forms for each violated 
parameter (Annexure)


•	 Process Trend Charts (Annexure)


Site Trend Violation and CAPA  
Report (Quarterly)
Overall operations trend violations and CAPA reports should 
be prepared at periodic intervals (quarterly recommended) 
for all products and processes for all manufacturing locations. 
The reports should highlight the differences or similarities of 
violations across products, processes and locations.
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Summary


CPV PROCESS


1


Identify 
CPP, KPP 


and MP from 
performance and 


operating parame-
ters from process 
characterization/


validation
documents


2
Identify 


parameters
 that need to 
be trended 
periodically


3


Get validation 
ranges and 


specification 
limits (if any) 


for these 
parameters


4


Establish a 
technique for 


statistical control 
limits and 


frequency at 
which to update 


the control 
limits


5
Establish 


trending rules 
(Nelson rules)6


Publish an 
in-process control 


and monitoring 
document for 


each commerical 
process


7
Monitor 


parameters 
against set 


limits
8


Evaluate the 
root cause of each 
rule violation and 


its impact on 
product and 


process. Initiate 
appropriate CAPA 


if needed


10
Update 


control limits 11


Update 
control limits
in the system 


upon every limit 
update via a 


change control


9


Publish 
quarterly process 
summary reports 
(can feed APRs). 
Will have recom-
mendations for 


process improve-
ments and limit 


updates


CPV steps automated with Bio4C™ ProcessPad
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CPV Steps Automated by 
Bio4C™ ProcessPad


Figure 7. The entire CPV process flow


Figure 8. CPV steps automated with Bio4C™ ProcessPad


CPV Flow Chart 
As described in earlier sections, the entire CPV process flow is 11 steps (Figure 7).
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Bio4C™ ProcessPad CPV Platform
Bio4C™ ProcessPad is a data visualization, analytics, and 
process monitoring platform that enables bioprocess lifecycle 
management, reporting, investigations, and continued process 
verification. It stores the batch processing and analytical 
testing data in a validated state so that the data can be 
easily available for process troubleshooting and process 
benchmarking operations. It also aids organizations in  
their compliance efforts by meeting all the applicable 
requirements of 21 CFR Part 11.


Why is Bio4C™ ProcessPad a 
Comprehensive CPV Solution?
Continued Process Verification is the lengthiest and most data 
heavy phase of process validation. It requires continuous 
monitoring of processes against defined limits (specification, 
action and statistical control limits) throughout the commercial 
life of a product. Bio4C™ ProcessPad is a comprehensive CPV 
solution which automates many of the business processes in  
a CPV program (Figure 9).


CPV Documentation


1


Overall procedures, 
program requirements 


and flow charts


CPV Governing 
SOP


(In-process Control and Monitoring) 
A comprehensive monitoring document 


for each product to be monitored


IPCM Document


SME
Identification


Parameter
Identification


Parameters are 
classified as CPP, 


KPP or MP


One IPCM per product. Revised 
every 30-50 batches with 


revised control limits


3


Trend report of each product
for monitored parameters 


published periodically. 
Each report will have trends of 
performance parameters and a 
brief investigation of each trend 


observation with appropriate 
CAPA if needed


CPV Reports


One per product. 
Typically published 


every quarter or 
on-demand


2


SME
Input


SME
Input


• Approach for statistical  
 Process Control (SPC)
• Handling normal vs.
 non-normal data etc.
• Frequency Monitoring


IPCM
Docuent Preparation 


Figure 9. Documentation required to roll-out a CPV program and its organization.
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FDA Expectations for CPV
An Ongoing Program for Collecting and Analyzing Product and Process Data that  
Relate to Product Quality
•	 Procedures for data collection and trending


•	 Data collected should verify the quality attributes


•	 Intra-batch and inter-batch variation


•	 �Data should be collected to evaluate process stability and capability


•	 Data should be statistically trended


•	 �It is recommended that a statistician or person with adequate statistical training develop the data collection plans and 
methods for analysis


Must Have a System for Detecting Unplanned Departures from the Process
•	 Evaluate the performance of the process


•	 Identify problems


•	 Determine if corrective action is necessary


•	 Anticipate and prevent problems to ensure control


Key Differentiators of Bio4C™ ProcessPad 
Validated Data Source
Bio4C™ ProcessPad is a validated data source. All the data 
entered in Bio4C™ ProcessPad goes through two layers 
of verification to ensure that data entered is accurate 
and reliable. Bio4C™ ProcessPad has stringent access 
level control. For example, a user uploading data does 
not have permissions to approve the data;  similarly, an 
approver does not have permissions to upload data. Bio4C™ 
ProcessPad also has audit trail which captures every action 
performed by all users.


Plug-and-Play Monitoring 
Bio4C™ ProcessPad was designed from the ground up for 
process monitoring. The following features make Bio4C™ 
ProcessPad an ideal tool to monitor your processes:


1.	 Create and schedule creation of control charts


2.	� Version control statistical limits revisions and log 
historical contextual process knowledge


3.	� Storage of historical limits and displaying in a single chart 
limits revisions and process performance within each limit 
revision


4.	 Automatic calculation of statistical trend rule violation


5.	 Automatic capability analysis (Cpk and Ppk calculation)


6.	� Prediction of data distribution (normal or non-normal  
data distribution)


7.	� Perform linear correlations with parameters across  
process steps


Bio4C™ ProcessPad offers out-of-the-box data visualizations 
and analytics than can accelerate investigations and root.
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Report Generation (CPV/APQR)
CPV reporting is a tedious task. It involves collection of data 
from all the batches executed in that time frame and trending 
them with statistical control limits, calculation of process 
capabilities (Cpk and Ppk) and sighting the statistical trend 
rule violation.


Standardized campaign (CPV) reports can be prepared in 
Bio4C™ ProcessPad. Report templates are prepared by 
selecting the desired parameters from all the process stages 
into a trending template. This template can then be scheduled 
for automatic periodic report generation.


Salient Features of Bio4C™ ProcessPad 
in Comparison to Traditional Software
There is numerous software available on the market which 
claims to do CPV reporting but none of them perform the 
combined task. For example, Microsoft® Excel can be used 
to make control charts with defined control limits, but it is 
extremely difficult to define (and validate) trend rules and 
calculate process capability within the charts. Similarly, other 
desktop spreadsheet-based advanced statistical software 
packages in the market  although good spreadsheet software 
with the ability to trend charts preparation and perform 
process capability calculations, they lack any ability to  
validate archived data, which breaks the very first rule  
of CPV i.e. data sources must be validated.


Bio4C™ ProcessPad has an embedded database with a 
workflow to capture and store batch record or experiment 
execution data in a 21 CFR Part 11 compliant manner. All 
data entered into Bio4C™ ProcessPad is part of an audit trail. 
This is lacking in traditional software which does not have any 
process of capturing and storing in-process parameters. As 
Bio4C™ ProcessPad stores the data in a database, this data 
can be made available to the end user on demand. As far 
as competing software are concerned, they are standalone 
desktop applications without any proper data capture or 
data storage mechanism. These traditional software 
applications need to be fed data from an externally  
aggregated spreadsheet whenever performing analysis. 


Bio4C™ ProcessPad has an evolved system to perform 
continued process verification with automated reports on CTQs 
and CPPs. It supplies out-of-the- box trend analysis with trend 
violation detection using Nelson or Western Electric rules. 
Furthermore, it has an advanced system of recording control 
limits and their revision history to give insights on evolving 
process capabilities which is required for any MSAT or process 
support R&D team.


Bio4C™ ProcessPad has contextual connection between 
process steps (unit operations) giving users easy access to 
parameter correlations between parameters from across 
process steps with advanced data visualization technologies. 
Investigators can easily generate complete lot genealogies 
on demand. Other commercially available machine analytics 
software applications are primarily focused on upstream 
process data with monitoring via MVDA techniques and 
ignoring important offline/at-line data analysis and trending. 
There are no capabilities in these software where users 
can find downstream process data monitoring or CTQ/CPP 
management and monitoring. Bio4C™ ProcessPad’s golden 
tunnel dashboards for machine data provides a simple  
and extremely easy way to monitor live processes in  
historical context.


Bio4C™ ProcessPad is the only truly browser-based software 
available in the market for CPV. Being 100% browser based 
and built using the latest web technologies (which are 
inherently collaborative), Bio4C™ ProcessPad is well suited for 
collaboration, scale, and performance. Offered as a site license 
for unlimited users makes it economical and easily adopted 
by various stakeholders in the organizations. Applications 
can be accessed via a web browser within the company IT 
network. Other software in the market are licensed per user 
and requires organizations to install software on each local PC 
making it expensive and difficult to manage/scale. 


Other competing software applications have long learning 
curves and are difficult to operate and master. Bio4C™ 
ProcessPad user interface is extremely simple with minimal 
training requirements. Bio4C™ ProcessPad can be deployed 
within weeks at a site as compared to months in the case of 
other software.


The whole architecture of Bio4C™ ProcessPad has been 
designed and purpose-built for pharmaceutical and 
biopharmaceutical organizations making it easily adoptable 
within these organizations at all user levels. On the other 
hand, other software is focused on advanced analytics which 
only expert data scientist in the organization can understand 
and use to the full extent. Bio4C™ ProcessPad is a tool for all 
levels of expertise rather than few statisticians. 
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Data Sheet


Biopharmaceutical processes are complex and highly 
variable in nature. This can result in inconsistent  
and sometimes unpredictable process outcomes.  
To manage complexity and better understand causes 
of variability, in-depth knowledge and thorough 
understanding of the process and the various factors 
affecting process performance are critical. This makes 
knowledge management and process monitoring an 
indispensable part of the process improvement efforts  
for any biopharmaceutical organization.


Bio4C™ ProcessPad software is a data collection, 
visualization, and analytics platform that enables 
bioprocess monitoring, lifecycle management,  
reporting, investigations, and continued process  
verification (CPV). 


Intelligently combining process data from disparate data 
sources generated during batch execution into a single, 
contextual, integrated data source, Bio4C™ ProcessPad  
ensures process information is current, complete, and 
accessible throughout the product lifecycle.


BioContinuum™ Automation & Analytics Platform  
Bio4C™ ProcessPad Software


Dashboard
Batch Profiles


Events on Profiles


Key Benefits
• 	 Intuitive browser-based interface


•	 Automatically aggregate data into analysis-ready format 


•	� Collect and manage data from various sources in  
disparate formats 


•	� Data visualizations and analytical tools for  
bioprocess analysis


•	 Generate reports with a few clicks 


•	� Multivariate analysis including outlier detection using 
Principal Component Analysis (PCA)


•	� Perform quick searches on anomaly patterns detected 
against historical machine streaming data  with  pattern 
matching algorithm.


•	� Leverage development data throughout product lifecycle for 
effective knowledge transfer from process characterization 
to largescale GMP manufacturing 


•	� Global teams, CMOs, and suppliers have access to data, 
analytics, and visualizations 


•	� Process analysis tools, control limits management, and 
end-to-end data management for CPV


•	� Designed to facilitate the user's 21 CFR Part 11  
software requirements


The life science business of Merck KGaA, Darmstadt, Germany 
operates as MilliporeSigma in the U.S. and Canada.
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Access to an Aggregated and Contextualized Single Source of Data 


Browser-based Access to all Process Data 
•	 Intuitive and easy to learn and use 


•	� Web-based platform means no software to download, 
install, update, or manage


•	� Provides access to straightforward analysis tools and 
visualizations to dispersed teams


Validated Source of Data
Aggregated, single source of validated data ensures  
data is current, complete and contextual throughout  
the product lifecycle


•	� Secure sharing of data, reports, and visualizations across 
global teams 


•	� Common access of data between CMOs and sponsors for 
enhanced knowledge sharing and collaboration


Product Modules 


Bio4C™ ProcessPad offers 3 modules to meet your 
requirements or phased deployment planning: 


Bio4C™ ProcessPad Offline 
Provides analysis and visualization tools created specifically  
for monitoring and troubleshooting of batch biomanufacturing. 
It allows capture, trending, analysis, investigation, and 
reporting of batch performance data for batch/run data via 
statistical trending, statistical quality control (SQC), process 
capability and continued process verification.


Bio4C™ ProcessPad-RT 
Collects, aggregates, and provides direct web-browser access 
to real-time streaming data from processing equipment such 
as bioreactors, chromatography systems, buffer systems, etc. 
Visualizations include live plant utilization, time-range and 
batch overlays, and batch events or batch excursion analysis. 
Bio4C™ ProcessPad-RT integrates and complements the 
Offline module or is available as a standalone module.


Bio4C™ ProcessPad Stab 
Enables capture and trending of drug product stability  
data and shelf-life estimation and is an add-on module  
to Bio4C™ ProcessPad Offline. 


21 CFR Part 11 
Bio4C™ ProcessPad facilitates 21 CFR Part 11 compliance by 
meeting applicable requirements including unique usernames 
and passwords, timestamped audit trails, and secure storage 
of all records.


Aligned with 21 CFR Part 11, Bio4C™ ProcessPad software 
undergoes stringent internal validation and has a mature 
software development life cycle (SDLC) and quality software 
development practices.


Knowledge Management and Reporting
Using an aggregated and contextualized single source of truth 
data, Bio4C™ ProcessPad enables good record keeping and 
data management, simplifies knowledge transfer, supports 
reporting such as annual product quality reviews (APQR)  
and process summary reports, improves the quality of  
decision making on the plant floor and corrective and 
preventative action (CAPA) identification.


Knowledge Management and Compliance
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Reporting & Sharing


Reports
Scientists and process engineers can create and save 
templates for reports built with any of the data available in 
Bio4C™ ProcessPad. Reports can be generated on-demand or 
scheduled on a daily, weekly, or monthly basis. Reports can 
easily be shared with relevant stakeholders.


Built-in Reports 
•	 Process summary reports


•	 Annual product quality reports (APQR)


•	 Manufacturing campaign reports


•	 Batch summary and run excursion reports


•	 Plant equipment utilization report


•	 Ad hoc reports in support of root cause analysis


Report Sharing
Ad hoc datasets, visualizations, and analysis should be 
accessible to all staff members associated with the process 
and the product in order to monitor the process and take 
quick actions. Using Bio4C™ ProcessPad, with just a click, 
reports can be shared with the relevant people providing a 
forum for process insights. The sharing feature is also helpful 
in collaborating with external parties where only particular 
information needs to be exchanged and access to the whole 
application is not required.


Global teams, CMOs and sponsors can easily share data and 
reports avoiding time-consuming manual efforts, errors, 
rework, potential supply chain and quality or compliance 
problems, and project delays.


Collect Notes & Analysis in a Single Report


Collect Report Review Comments


Templates
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Batch Data Analytics
The batch data analytics in Bio4C™ ProcessPad specifically cater to the analysis needs of batch manufacturing processes that 
involve quantitative (e.g. process parameters) as well as qualitative data (e.g. events and textual information). In the design 
of these visualizations, focus is given to displaying events and textual information related to a batch. 


These analysis types provide rich context and bring together 
in one window all the information required to draw useful 
conclusions about the process and the product. These 
browser-based, on-demand visualizations and analytics are 
easily accessible and essential for: 


• Root cause investigations


• Process monitoring and trending


• Tracing and tracking of buffer/media and
product batches


• Outlier batch detection


• Cell culture profiles comparison and trend analysis


• Process capability assessment


Analysis types


Lot Genealogy helps investigators 
instantly find feed/raw materials, 
intermediates, or finished products 
corresponding to a defective lot


Overlay intra and inter batch time series 
data to compare batch profiles within 
processing times


Align unit operations on a timeline to 
correlate execution time context with the 
process event under investigation


Perform correlations and regressions on 
process parameters for inter or intra unit 
operations


Trend batch data on control charts for 
statistical process control to better 
understand process variability and to 
perform CPV


For inter and intra products and process 
analyses, create ad hoc data groups to 
perform statistical comparison of groups 
to identify significant differences


Yield Variability


Statistical Process Control


Lot Genealogy


Batch Yield Profile


Rejects Distribution
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Principal Component Analysis (PCA)


Principal Component Analysis (PCA) enables quick 
identification of outlier batches within hundreds of critical 
performance parameters and quality attributes at any stage 
of the process lifecycle and helps determine which process 
attributes are contributing to process variability.


Bio4C™ ProcessPad’s intuitive parameter selection and data 
pre-processing user interface (specifically programmed for the 
bioprocess industry) help you build PCA models with just a few 
clicks, considerably reducing the time from data to insights. 


Bio4C™ ProcessPad will automatically plot the PCA 
charts including:


•  Scores Plot: the scores of the first two principal 
components (PC1 and PC2) and highlights the amount of 
variation each principal component captures from the data


• L oadings Plot: shows which variables has the strongest 
influence on a principal component


• C ontributions Plot: the top 10 contributing parameters to 
PC1 and PC2


•  Hotelling’s T2 Plot: plots the Hotelling’s T2 statistic for all 
batches


•  Scree Plot: displays how much variation is captured by 
each principal component


Scores Plot


Contributions Plot
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Batch Excursion Reports


Equipment Utilization


Batch or Plant Live Status


Events on Profile


Real-time Overlays


Pattern Match View


Machine Data Analytics


Bio4C™ ProcessPad-RT module provides direct web-based 
access to streaming data from process equipment for real-
time machine and batch data analysis. Process engineers have 
easy access to data to perform routine monitoring of batch 
profiles or process troubleshooting. Visualizations for machine 
data include:


•	 Golden Tunnel Live View – golden tunnel dashboard


•	 Plant View – gives the status of equipment based  
	 on a time period


•	� Equipment View – visualizes current trends of any 
equipment of interest


•	� Batch View – provides overlay of parameters for  
various batches


•	� Batch Event – view all batch events with  
parameter profiles


•	 �Run Reports – generate templated excursion report or ad 
hoc reports for a batch


•	� Create a Batch Event – user entry forms for creating  
batch events 


•	 Cell Culture Profiles Comparison and Trend Analysis


•	 Process Capability Assessment


•	� Pattern Match View – allows user to match any time-
series pattern against historical data


All the machine data analytics are designed to minimize 
the time from issue discovery to insights for faster root 
cause investigations and CAPA implementation. For process 
engineers, Bio4C™ ProcessPad-RT simplifies and streamlines 
the following tasks:  


•	 Live plant, machine, or batch status


•	 Determine current stage or phase of the process batch 


•	� Tabular access to execution stats like batch start time, end 
times, and duration 


•	� Compute and compare equipment utilization for overall 
equipment efficiency (OEE) estimations 


•	� Find process tags within or across equipment to overlay  
or compare parameter values within the time period of a 
non-conformance event or investigation 


•	� Overlay current and historical batch profiles on a common 
timescale for easy comparison and benchmarking 


•	� In real-time extract data within batch phases and compare 
phase data across batches 


•	 Correlate streaming parameters 


•	� Align multiple batch events to compare and troubleshoot 
batch differences due to operational shifts in scheduled 
batch events 


•	� Generate batch excursion report on both quantitative 
(e.g. pH, concentration, DO) and non-numeric qualitative 
parameters (e.g. operators, phases, events)


•	� Search matching anomaly or process patterns historically 
for quick resolution of observed deviation from routine 
process parameter profiles


Batch Excursion Reports
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Process Data Integration


Bio4C™ ProcessPad’s data connection tool can acquire, 
automatically assemble complex and multidimensional data 
into analysis-ready format, and analyze data from: 


•	 Batch records 


•	 Quality control results


•	 Any standard database like SQL-Server, MySQL,  
	 and Oracle


•	 ERP (Enterprise Resource Planning software)


•	 MES (Manufacturing Execution System)


•	 QMS (Quality Management System)


•	 Data historians


•	 Paper-based, manual records


•	 Validated spreadsheets


•	 Third-party application’s web-services  


Data can be collected from manual paper records via  
Bio4C™ ProcessPad’s configurable web forms that are 
designed specifically to capture batch process or sample  
test data and various other kinds of data such as:


•	 Time based observations


•	 End-point performance data


•	 Textual observations and events


•	� Qualitative batch attributes (e.g. column re-pack details, 
resin lot ID) 


•	 Assay results


•	� Assay background (reference assay, calibration or system 
suitability details) 


•	 Stability sample results


•	� Qualitative assay attributes (e.g. test instrument ID, 
internal reference lot ID) 


While doing so, the assembly engine keeps intact the 
relationships that exist between batches, unit operations,  
and parameters. The data capture web form design is flexible 
to enable on-the-fly addition of any number of parameters  
by the system user without the need of any special IT skills  
and expertise.
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Stability Trending


The Bio4C™ ProcessPad Stab module enables drug 
development and manufacturing engineers and scientists to 
capture and trend drug stability data or to perform shelf-
life estimation without exporting data or using an additional 
external system. The stability module’s data capture forms 
duplicate the in-process test/assay data capture format 
to ensure no additional training for lab and QA personnel 
entering, verifying, and approving data.


The stability management console supports specification  
limits management and tracks both quantitative and 
qualitative specifications. Users can flag protocol events, 


addendums or method changes for better correlation of data 
and quick compilation of protocol data, events, or addendums 
throughout the entire lifecycle of the protocol execution.


The stability module also provides advanced statistics for 
estimating shelf-life under long term storage conditions.  
All the shelf-life estimation models designed for batch 
poolability conform to statistical approaches outlined in  
ICH-Q1E (Appendix B2.2)


Shelf-life Prediction


Stability Profiles


Protocol Reporting
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Process Lifecycle Management


Bio4C™ ProcessPad allows scientists and engineers to collect 
process development data and leverage it throughout the 
entire lifecycle for effective knowledge transfer during  
process characterization through scale-up to large scale  
GMP manufacturing.  


Core process functions create and consume process data in 
similar ways with similar underlying metadata and context. 
Bio4C™ ProcessPad helps manage and serve contextual 
process information throughout the lifecycle of Quality  
by Design (QbD), Process Analytical Technology (PAT)  
and Continued Process Verification (CPV). 


•	� Efficiently capture all development, scale-up, and 
commercial process execution data on a single platform


•	 Easily manage specification or control limits history


•	� Utilize historical data for investigations and 
process improvement


•	 Simplify the tech transfer process


•	� Instant access to the latest version of process map/
genealogy (CQAs, CPPs, sampling plans)


Bio4C™ ProcessPad provides a platform to capture, modify, 
and track your critical performance parameters (CPPs) or 
critical to quality attributes (CQAs). Over the lifecycle of the 
product, users can monitor the process’s evolution with full 
traceability of critical to quality parameters and control limits 
applied to CPPs or CQAs. Using Bio4C™ ProcessPad, users 
track, compare and build reports on process development  
and manufacturing datasets making tech transfer easy 
and making historical process knowledge available during 
commercial manufacturing. Scientists and engineers can  
build discussion forums around development and 
manufacturing data reports to collect and archive subject 
matter expert process knowledge for later search and retrieval 
(even if a subject matter expert leaves the organization –  
the knowledge remains with you).
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Continued Process Verification


ICH Q10 and the FDA’s Process Validation Guidance both 
emphasize routine process monitoring and continued process 
verification (CPV) — ensuring that the production process 
remains in a state of control to assure that the patient is 
getting a medicine of desired quality — as an integral part of 
process validation and its lifecycle management. 


Manual assembly of process data at the time of monitoring 
and investigation is time-consuming and error prone. In 
the absence of a structured process data management tool, 
more than 80% of time is spent on hunting for data leaving 
only 20% of time on quality analysis. Bio4C™ ProcessPad 
automates many steps involved in CPV and offers a one-click 
solution for statistical trending of data (control charts, X-bar 
and R charts, correlation charts, box plots, etc.), campaign 
reports, and annual product quality review (APQR).


Bio4C™ ProcessPad provides the data integration, data 
analysis, data sharing across the manufacturing network 
and end-to-end data management throughout the process 
validation lifecycle that successful continued process 
verification (CPV) requires.  


•	� Single source of all process data (online machine streaming 
and offline batch record entries)


•	 Statistical process control and process capability


•	 Control limits management


•	 Lot traceability and genealogy


•	 Pre-configured trending rules to aid process monitoring


•	 Correlations across process steps for quick troubleshooting


•	 Real-time out of trend email alerts 


•	� Process analysis tools to aid investigations and process 
troubleshooting


•	 Validated reporting


Specifications/System Requirements


Hardware and Software Requirements for Bio4C™ ProcessPad Base Server


Hardware/Software Specification


Processor 2.0GHz or above


Installed Memory (RAM) >32GB (64GB recommended)


Hard Disk Space >500GB


Operating System Windows® Server 2012R2 Standard or above


Hardware and Software Requirements for Bio4C™ ProcessPad (Client-PC Requirements)


Hardware/Software Specification


Processor 1.6GHz or above


Installed Memory (RAM) >4GB


Web-Browser Google Chrome™ (version 70 or above)


Bio4C™ ProcessPad Services


Service Offerings 
•	 Installation/deployment services


•	 Validation package


•	 Validation services


•	 Software training


Benefits 
•	 Facilitates regulatory compliance


•	� Enable smooth, successful, and efficient software 
platform implementation and integration


•	 Increase software platform usability and adoptability


•	� Training to ensure that your team can operate and 
troubleshoot the software


•	 Focus your attention on your core business
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Documentation


Bio4C™ ProcessPad User Guide, VM_UG5145EN00


Bio4C™ ProcessPad Administrator Guide, VM_5711EN


Services


Product Code Item Description


BIO4CPPSVCRATE ProcessPad Onsite and Remote Services


BIO4CPPVALPKG ProcessPad Validation Package


BIO4CPPTRAINING ProcessPad Training Package


BIO4CPPINTEGR ProcessPad Data Integration Services


Standard Offerings


Product Code Item Description


BIO4CPPCORESTD Annual Subscription - ProcessPad Offline Standard


BIO4CPPRTONSTD Annual Subscription - ProcessPad RT Online Standard


BIO4CPPOFONSTD Annual Subscription - ProcessPad Offline and RT Standard 


BIO4CPPCOMPSTD Annual Subscription - ProcessPad Offline, Online, RT, Stab Standard


Enterprise Offerings


Product Code Item Description


BIO4CPPCOREENT Annual Subscription - ProcessPad Offline Enterprise 


BIO4CPPRTONENT Annual Subscription - ProcessPad RT Enterprise


BIO4CPPOFONENT Annual Subscription - ProcessPad Offline and RT Enterprise


BIO4CPPCOMPENT Annual Subscription - ProcessPad Offline, RT, Stab Enterprise


Bio4C™ ProcessPad Ordering Information
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