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Growing Diversity of Biologics
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Complexity In Therapeutic Modalities
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Adapted from 2023 Singh et al.  Frontiers | Drug discovery and development: introduction to the general public and patient groups (frontiersin.org)

Lenalidomide Semaglutide Pembrolizumab

© 2024 Catalent Pharma Solutions. All rights reserved.

Characteristic Small Molecules Biologics

Molecular Weight Low (80-100 atoms) High (hundreds to thousands of atoms)

Stability Stable at RT Unstable at RT

Structural Complexity Simple Complex

Administration Route Often oral Usually injection or infusion

Cell Membrane Permeability High Low

Distribution Widely distributed via circulation Limited to circulation & lymphatics

Immunogenic Potential Low Higher possibility

Cost of Treatment Generally low Generally high

https://www.frontiersin.org/journals/drug-discovery/articles/10.3389/fddsv.2023.1201419/full
https://www.frontiersin.org/journals/drug-discovery/articles/10.3389/fddsv.2023.1201419/full


Intracellular Protein Processing And Trafficking
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2011 Reynders et al. How Golgi glycosylation meets and needs trafficking: the case of the COG complex | Glycobiology | Oxford Academic (oup.com)

© 2024 Catalent Pharma Solutions. All rights reserved.Nanodevice placed inside cell shows how cells change with time - The Week

2014 Wang et al. Protein post-translational modifications and regulation of pluripotency in human stem cells | Cell Research (nature.com)  

Endoplasmic reticulum

Golgi and TGN

http://Rhttps:/doi.org/10.1093/glycob/cwq179
https://academic.oup.com/glycob/article/21/7/853/1988132?login=false
https://www.theweek.in/news/sci-tech/2020/05/30/nanodevice-placed-inside-cell-shows-how-cells-change-with-time.html
https://www.nature.com/articles/cr2013151


Post-translational Modifications Affect Product 
Functions And Efficacy
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Functional 
impacts

Attributes 
affected

Influencing 
factors

Post-translational 
Modifications 

pH Light Temperature Oxidative stress Agitation Process related

Chemical 
Modifications

• Aspartate 
isomerization

• N-terminal 
glutamate to 
pyroglutamate

• C-terminal 
amidation

• Acetylation
• Ubiquitination

Oxidative 
Modifications

• Methionine 
oxidation

• Tryptophan 
oxidation

Structural
Modifications

• Disulfide 
shuffling

• Cysteine 
pairing

• Aggregation

Glycosylation-
related
Modifications

• Glycosylation
• Glycation

! Immunogenicity ! PK/PD! Potency ! CDC, ADCC ! Safety

! Product stability ! Product variability ! Color change! Structural heterogeneity ! Charge variants



Developability & Manufacturability

Biologics CMC Development: Ph1 IND Enabling
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Regulatory 
submission

Packaging & 
Labeling

QC release & 
stability

Drug Product 
development

Formulation 
development

Downstream 
development

Upstream 
development

Cell Line 
development

Drug Substance Drug Product

Target ID and selection Target to Lead Lead to Candidate

Knowledge Validation Nomination
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Glycosylation On Bioactivity
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Glycosylation can be N-linked and O-linked

• N-linked motif: N of Asn-X-Ser/Thr (X=any AA except Pro)

• O-linked motif: O of Ser, Thr, Tyr, hydroxy-Lys, hydroxyl-Pro

Effect on bioactivity

• Fucose removal enhances ADCC activity

• Bisecting GlcNAc enhances ADCC activity

• Mannose enhances mAb clearance

• Galactose enhances mAb clearance

• Sialic acid NANA reduces clearance

• Sialic acid NGNA is immunogenic

• α-galactosylation mAb are immunogenic

© 2024 Catalent Pharma Solutions. All rights reserved.

Common glycoforms in mAb

2015 Liu. Antibody Glycosylation and Its Impact on the Pharmacokinetics and Pharmacodynamics of Monoclonal Antibodies and Fc-Fusion Proteins - Journal of Pharmaceutical Sciences (jpharmsci.org) 

http://Lihttps:/doi.org/10.1002/jps.24444
https://jpharmsci.org/article/S0022-3549(15)30093-9/abstract


Effects Of Process Factors On Protein Quality
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2021 Butreddy et al. Instability of therapeutic proteins — An overview of stresses, stabilization mechanisms and analytical techniques involved in lyophilized proteins - ScienceDirect

http://Bhttps:/doi.org/10.1016/j.ijbiomac.2020.11.188
https://www.sciencedirect.com/science/article/pii/S0141813020351242?via%3Dihub


Effects Of Process Factors On Protein Aggregation
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2021 Rajan et al. Review of the current state of protein aggregation inhibition from a materials chemistry perspective: special focus on polymeric materials - Materials Advances (RSC Publishing)

https://pubs.rsc.org/en/content/articlelanding/2021/ma/d0ma00760a


Protein Aggregates On Immunogenicity
≤10 µm impact product stability & immunogenicity
≥10 µm occlude blood flow
≤50-100 µm consider SubVis particles
≥150 µm detectable visually

USP<788> limit for ≤100 mL
• 6000 particles ≥10 µm
• 600 particles ≥25 µm

Factors in aggregate formation
• Temperature (i.e. freeze/thaw)
• Ionic strength
• Interfacial exposure (solid-liquid, liquid-liquid, gas-liquid)
• Chemical degradation (Tyr oxidation, deamidation, S-S shuffle)
• Physical degradation (adsorption to interfaces, protein unfolding)

Aggregate control
• Good mixing
• Conformational and colloidal stability

11© 2024 Catalent Pharma Solutions. All rights reserved.

2005 Frokjer & Otzen. Protein drug stability: a formulation challenge | Nature Reviews Drug Discovery
2016 Li et al. Antibodies | Free Full-Text | Antibody Aggregation: Insights from Sequence and Structure (mdpi.com)
FDA guidance, Immunogenicity Assessment for Therapeutic Protein Products, 2014

Protein aggregation can be 
reversible (soluble) and 
irreversible (insoluble)

https://www.nature.com/articles/nrd1695
https://www.mdpi.com/2073-4468/5/3/19


Protein Deamidation On Product Quality

Deamidation: conversion of amide functional group to carboxylic acid

• Usually occur on Asn and Gln
• Deamidation rate increases with temperature and ionic strength
• Has a role in protein folding, degradation and biological activities

Effect on protein quality
• Charge heterogeneity
• Purity
• Stability
• Antigenicity
• Protein half-life

12© 2024 Catalent Pharma Solutions. All rights reserved.

2022 Jin et al. Mass spectrometric analysis of protein deamidation – A focus on top-down and middle-down mass spectrometry - ScienceDirect

https://www.sciencedirect.com/science/article/pii/S1046202320300451?via%3Dihub


Protein Oxidation On Product Quality

Oxidation: modification of a protein by ROS or by other oxidative 
stress

• Usually occur on S-group of Cys and thio-group of Met
• Less often but also occur on aromatic amino acids (Tyr, Phe, 

Trp, His)
• Degrade lipids and carbohydrates to reactive intermediates

Effect on protein quality
• Stability
• Biological activity, i.e. CDC, ADCC
• Color
• Binding affinity to Protein A and FcRn (for mAb)

13© 2024 Catalent Pharma Solutions. All rights reserved.

2022 Abe et al. Molecules | Free Full-Text | Current Use of Fenton Reaction in Drugs and Food (mdpi.com)
2022 Jin et al. Mass spectrometric analysis of protein deamidation – A focus on top-down and middle-down mass spectrometry - ScienceDirect

https://www.mdpi.com/1420-3049/27/17/5451
https://www.sciencedirect.com/science/article/pii/S1046202320300451?via%3Dihub


N-terminal Glu Cyclization On Product Quality

PyroGlutamate generation: N-terminal cyclization

• Very common
• Occur on N-terminal Gln and Glu
• Rate of conversion: Q to pE > E to pE

Effect on protein quality
• More acidic leading to charge heterogeneity

14© 2024 Catalent Pharma Solutions. All rights reserved.

(Q) (E)(pE)

±glutaminyl cyclase

2022 Cao et al. Characterization of N-Terminal Glutamate Cyclization in Monoclonal Antibody and Bispecific Antibody Using Charge Heterogeneity Assays and Hydrophobic Interaction Chromatography - Journal of 
Pharmaceutical Sciences (jpharmsci.org)

https://jpharmsci.org/article/S0022-3549(21)00476-7/fulltext
https://jpharmsci.org/article/S0022-3549(21)00476-7/fulltext


Protein Biologic Development & Manufacturing
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Drug Substance Drug Product

GMP Cell Bank

GMP cell bank

Frozen vial

Cell Culture & 
Fermentation

Preculture

Expansion

Production

Purification & Bulk 
Release

Filtration

Concentration

Bulk release

Fill, Lyo & Vial Release

Bulk up

Lyophilization

Fill

Vial release

Packaging & Final 
Release

Package

Label

Final release

Visual 
inspection

© 2024 Catalent Pharma Solutions. All rights reserved.



Protein Biologic Development & Manufacturing – 
Documents 

16© 2024 Catalent Pharma Solutions. All rights reserved.

Traceability
Safety
Identity
Clonality
Stability
2-tiered cell 

banking

Scalable process
Reproducible 

attributes
Product quality 

profile

Scalable process
UPB
Viral clearance
Reproducible 

attributes
Product quality 

profile
Impurity profile

Drug Substance

GMP Cell Bank Cell Culture & 
Fermentation

Purification & 
Bulk Release



Protein Biologic Development & Manufacturing – 
Documents 
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Robust formulation
Scalable process
Stability profile & expiry
Drug delivery formats
Product quality profile
Impurity profile
In-use stability & 

compatibility studies

Inspection
Labeling
Packaging
QP release
Final release

Drug Product

Fill, Lyo & Vial Release Packaging & Final Release



Protein Biologic Development & Manufacturing – 
Documents 
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• Raw material, in-process testing and release of product batches
• Stability-indicating methods/assays for product stability
• Characterization methods/assays for product reproducibility and comparability
• IND-enabling and formal stability studies for expiry
• Reference standards and bridging
• Qualify and/or validate methods/assays
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DS: Cell Line Development

19

MCB 
testing

ICH Q5D

Stable 
transfection

Pool 
generation

Single cell 
cloning

Clone 
selection

Cell 
expansion

MCB 
generation

Identity
Microbial contamination

Virus testing

1 2 3 4 5 6 7

Monoclonality



DS: Cell Culture Development & Manufacturing

20© 2024 Catalent Pharma Solutions. All rights reserved.

Cell bank 
vial thaw

Cell 
expansion

Production Clarification Clarified 
Bulk

Unprocessed bulk testing
Microbial contamination

Virus testing 

Product yield
Turbidity

A-Mab a case study in bioprocess development, 2009

1 2 3 4 5 5

MCB

Centrifugation or depth filtration



DP: Formulation Development

21© 2024 Catalent Pharma Solutions. All rights reserved.

3D model construction
Surface batches

Post translational modifications
Hotspot assessment

Colloidal stability
Conformational stability

Physical stability
Chemical stability

Product quality profile

2 4 5

In silico modeling Development Decision



DS: Purification Development & Manufacturing
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Affinity 
chromatography

Low pH 
treatment

CEX Ultrafiltration
diafiltration

Bulk Drug 
Substance

AEX Small virus 
retention 

Final;
Fill & freeze

A-Mab a case study in bioprocess development, 2009

1 2 3 4 5 6 7

DS testing 
panel

Remove 
impurities

Inactivate 
enveloped 

viruses

Reduce 
aggregates

Remove 
HCP

Remove HCP, 
DNA, ProA, 
endotoxin, 

viruses 

Remove 
small 

paroviruses

Formulate & 
concentrate 

DS

Sterile filtration
Dispense & 
freeze for 
storage

8

Chromatography Filtration



1 2 3 4 5 6

DP: Development & Manufacturing
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DS 
preparation & 

handling

Component 
preparation

Compounding Sterile 
filtration

Filling, 
stoppering & 

capping

Physical stress
Chemical stress

Solution homogeneity

A-Mab a case study in bioprocess development, 2009

Moisture content
Reconstitution time

Lyophilization



Typical DS And DP Release Panels For Mab
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ICH Q6B
2017 Ambrogelly et al. Full article: Analytical comparability study of recombinant monoclonal antibody therapeutics (tandfonline.com) 

Attributes Test DS DP
Safety Bioburden X

Endotoxin X X

Sterility X X

General Appearance (color/clarity) X X

pH X X

Concentration X X

Identity Peptide mapping (LC-UV) X X

Identity (purity, charge species) IEX-HPLC/IEF/cIEF/CZE X X

Purity (monomer, aggregate) R/NR CE-SDS X X

SEC-HPLC X X

Potency Binding ELISA X X

Cell-based assay X X

Effector functions* X X

Glycosylation (glycan species) NP-HPLC X X

Impurities HCP X

Residual DNA X

Residual Protein A X

Particulate HIAC X

Moisture content** X

*Related to MoA
**For lyophilized DP© 2024 Catalent Pharma Solutions. All rights reserved.

https://www.tandfonline.com/doi/full/10.1080/19420862.2018.1438797


Developability Assessment

Developability Assessment of Biologics by Integrated Biologics Profiling | American Pharmaceutical Review - The 
Review of American Pharmaceutical Business & Technology

25

Concentrations

Stability

LyophilizedLiquid Spray dry?

Property mAb 
1

mAb 
2

mAb 
3

mAb 
4

Calculated pI

Conformational Stability

Colloidal Stability

Hydrophobicity

Aggregation & Purification experience

PTMs assessment (in silico + MS)

Charge Variants

Solubility

Serum compatibility

Viscosity (incl. excipient test)

Degradation / Truncation

CHO Expression

In vivo fitness

Pre-Formulation (thermal stress)

Pre-Formulation (mechanical stress)

Cumulative Risk

IV SC Inhaled

https://www.americanpharmaceuticalreview.com/Featured-Articles/167439-Developability-Assessment-of-Biologics-by-Integrated-Biologics-Profiling/
https://www.americanpharmaceuticalreview.com/Featured-Articles/167439-Developability-Assessment-of-Biologics-by-Integrated-Biologics-Profiling/


Summary

26

• Biologics are sensitive to temperature, pH, light, agitation and 

enzymatic degradation. 

• PTMs for biologics can affect potency and stability.

• PTMs are sensitive to RM and process conditions.

• In-process tests are critical to product consistency.

© 2024 Catalent Pharma Solutions. All rights reserved.



THANK YOU!


	Testing Requirements for Protein Biologics Therapies
	Growing Diversity of Biologics
	Slide Number 3
	Complexity In Therapeutic Modalities
	Intracellular Protein Processing And Trafficking
	Post-translational Modifications Affect Product Functions And Efficacy
	Biologics CMC Development: Ph1 IND Enabling
	Glycosylation On Bioactivity
	Effects Of Process Factors On Protein Quality
	Effects Of Process Factors On Protein Aggregation
	Protein Aggregates On Immunogenicity
	Protein Deamidation On Product Quality
	Protein Oxidation On Product Quality
	N-terminal Glu Cyclization On Product Quality
	Protein Biologic Development & Manufacturing
	Protein Biologic Development & Manufacturing – Documents 
	Protein Biologic Development & Manufacturing – Documents 
	Protein Biologic Development & Manufacturing – Documents 
	DS: Cell Line Development
	DS: Cell Culture Development & Manufacturing
	DP: Formulation Development
	DS: Purification Development & Manufacturing
	DP: Development & Manufacturing
	Typical DS And DP Release Panels For Mab
	Developability Assessment
	Summary
	THANK YOU!

