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BIOPHARMACEUTICALS
Sometimes also referred to as 
"biologics" or "biological products" 
– are complex medicines that are
extracted from biological sources,
such as:

BIOMANUFACTURING
Refers to the production of biological 
products from such sources. This 
infographic will highlight the key 
techniques and stages involved in the 
development of biopharmaceuticals, 
focusing specifically on protein-based 
therapeutics.

Biopharmaceuticals represent an 
ever-growing component of the 

pharmaceutical market. 
Examples include:

The use of living sources and materials in the manufacturing of biological products 
means the development process from concept to therapeutic is more complex 

than chemically synthesized drugs. 

Protein therapeutics are dominating the biopharmaceutical 
product pipeline, accounting for $140,109 million in 2016 and 
estimated to climb to $217,591 million by 2023. The majority 
of protein therapeutics currently available are recombinant, 
and are being tested for disorders such as cancer, immune 
disorders and infectious diseases.1

Here's a classic process for the biomanufacturing 
of a therapeutic protein:

The heterogeneity of biological products such as proteins has driven the development of 
sophisticated and sensitive analytical technologies that are adopted at different stages of the 
R&D timeline in order to optimize processes, characterize therapeutics and to ensure quality 
control (QC). 

Let us take a closer look at some of the current analytical techniques that 
can be used at different stages of the process, focusing specifically on 

therapeutic proteins: 
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1 RAW MATERIAL AND CELL CULTURE ANALYSIS
Cell culture media and feeds can both affect cellular performance and product 
quality.  

TOOLS 
• SPECTROSCOPY

Raman spectroscopy and chemometric data analysis can be used to characterize 
cell-media components in commercial recombinant-protein manufacturing pipelines, 
with value at early stages (identification and variance testing of raw materials and cell 
culture media) to the monitoring of bioprocesses and characterization of biologics.2 

CELL CONCENTRATION AND VIABILITY 
MEASUREMENTS

Critical in developing cell culture processes. Used to determine culture 
physiology based on the operating conditions selected, and for the 

calculation of growth rates and cell productivity. Thorough understanding of 
culture performance at different stages of manufacturing is essential to 

ensure smooth scale up.

TOOLS 
TRYPAN BLUE  • 

EXCLUSION MICROSCOPY  • 
FLOW CYTOMETRY  •

Flow cytometry using fluorescent dyes can be used to quantify cell 
proliferation and measure cell responses to specific media components and 

growth factors. This enables manufacturers to detect, address and prevent 
issues in the biopharmaceutical manufacturing pipeline.3

3 ANALYZING PROTEIN STRUCTURES, INTERACTIONS
AND SELECTION OF BIOTHERAPEUTIC CANDIDATES

Understanding the structure (primary and tertiary), interactions and ligand-binding 
of proteins and protein complexes is key to understanding drug–target binding and 
is a core component of biotherapeutic candidate selection. 

TOOLS 
• NATIVE MASS SPECTROMETRY (MS)
• SURFACE PLASMON RESONANCE (SPR)
• PEPTIDE MAPPING
• LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-MS)
• X-RAY CRYSTALLOGRAPHY
• HDX-MS
• ELECTRON MICROSCOPY
• BIO-LAYER INTERFEROMETRY (BLI)

Native MS permits direct observation of a protein complex, providing high resolution 
and accurate information on composition and stoichiometry. Ligands bound to 
proteins can regulate their function, and quantitative data on ligand-binding is 
valuable during drug lead selection screening assessments. 

SPR analyzes molecular binding events in real-time without any requirements for 
labeling. It is slowly becoming a "gold standard" in biomanufacturing for candidate 
screening and selection, drug characterization and in batch release and stability 
assessments.  

BLI is another label-free system that provides real-time insights on binding specificity, 
concentration, association/dissociation rates and biotherapeutic precision.4 A 
growing number of publications document the use of BLI in biopharmaceutical 
development to assess molecular interactions. It can be used to emulate the results 
gathered by SPR, but at a lower cost.5  
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The analytical techniques toolbox for 
biopharmaceutical development and 

manufacturing will continue to grow with 
the expansion of cell and gene therapy 

research. Scaling-up production, from 
several million cells to billions of cells, will 

present an array of complexities. Rapid 
feedback during continuous processing 

will be key here and thus an emphasis on 
"online" techniques is a likely avenue we 

will see in the future.10

FUTURE PERSPECTIVES

SPONSORED BY

 
Dimitrov DS. Therapeutic proteins. Methods Mol Biol. 2012;899:1-26. doi:10.1007/978-1-61779-921-1_1.
Buckley K, Ryder AG. Applications of Raman spectroscopy in biopharmaceutical manufacturing: A short review. Appl Spectrosc. 2017;71(6):1085-1116. 
doi:10.1177/0003702817703270.
Li F, Vijayasankaran N, Shen AY, Kiss R, Amanullah A. Cell culture processes for monoclonal antibody production. MAbs. 2010;2(5):466-479. 
doi:10.4161/mabs.2.5.12720.
Kumaraswamy S, Tobias R. Label-free kinetic analysis of an antibody-antigen interaction using biolayer interferometry. Methods Mol Biol. 
2015;1278:165-182. doi:10.1007/978-1-4939-2425-7_10.
Machen AJ, O'Neil PT, Pentelute BL, Villar MT, Artigues A, Fisher MT. Analyzing dynamic protein complexes assembled on and released from biolayer 
interferometry biosensor using mass spectrometry and electron microscopy. J Vis Exp. 2018;(138):57902.  doi:10.3791/57902.
Berkowitz SA, Engen JR, Mazzeo JR, Jones GB. Analytical tools for characterizing biopharmaceuticals and the implications for biosimilars. Nat Rev Drug 
Discov. 2012;11(7):527-540. doi:10.1038/nrd3746.
Heissel S, Bunkenborg J, Kristiansen MP, et al. Evaluation of spectral libraries and sample preparation for DIA-LC-MS analysis of host cell proteins: A 
case study of a bacterially expressed recombinant biopharmaceutical protein. Protein Expr Purif. 2018;147:69-77. doi:10.1016/j.pep.2018.03.002.
Dranitsaris G, Amir E, Dorward K. Biosimilars of biological drug therapies regulatory, clinical and commercial considerations. Drugs. 
2011;71:1527-1536. doi:10.2165/11593730-000000000-00000.
Dong M, Rea J and Zhang T. HPLC and UHPLC for Biopharmaceutical Analysis. In HPLC and UHPLC for Practicing Scientists, M. Dong (Ed.) 
doi:10.1002/9781119313786.ch12. 
ündey C, Ertunç S, Mistretta T, Pathak M. Applied advanced process analytics in biopharmaceutical manufacturing: challenges and prospects in 
real-time monitoring and control. IFAC Proceedings Volumes. 2009;42(11):177-182. doi:10.3182/20090712-4-TR-2008.00026

REFERENCES:
1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Analyzing protein 
structures, 
interactions and 
selection of 
biotherapeutic 
candidates

POST-TRANSLATIONAL MODIFICATION 
(PTM) ANALYSIS

Some PTMs are accepted in QC assessments, but others can adversely affect 
a product's efficacy and cause immunogenicity. For example, glycosylation of 

antibody drugs can impact their ability to be engulfed in cells and stored. 

TOOLS 
PEPTIDE MAPPING   • 

LC-MS  • 
LC-MS COUPLED WITH NMR  •

CZE  •
CIEF  •

IEC  •

LC-MS: Growing emphasis is being placed on understanding glycosylation's 
impact on protein biotherapeutics, particularly when comparing 

batch-to-batch variability. Here, LC-MS peptide mapping is a crucial tool. In 
early drug development, it can be utilized to understand what PTMs are 

present, and in what quantity, to investigate how they may impact structure 
and function. Coupling LC-MS with NMR is becoming an attractive extension 

when assessing PTMs in biologics to make the analysis more powerful.6 
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5 DETECTING IMPURITIES
Detection, analysis and removal of residual 
impurities is key to achieving product 
safety and reducing the likelihood of 
immunogenicity. Evidence of impurity 
clearance is a prerequisite for late-stage 
clinical trials.7

It is also essential that the product is as pure 
as possible to meet regulatory 
requirements, and to ensure that purity is 
consistent across batches.8

TOOLS 
• EVAPORATIVE LIGHT SCATTERING
DETECTOR (ELSD)
• LC-MS/MS
• CHARGED AEROSOL DETECTION (CAD)
• GAS CHROMATOGRAPHY (GC)
• MS
• HDX-MS
• ELISA
• QUANTITATIVE PCR
• HPLC-MS

HPLC-MS: HPLC-CAD and HPLC-MS are commonly adopted for impurity detection, 
with HPLC-MS considered to be the "gold standard".9 Regulatory agencies such as 
the FDA and EMA are increasingly asking for data that demonstrates a purification 
process' efficiency. Sensitivity and speed are key here, and approaches incorporating 
MS are increasingly favored over traditional methods such as ELISA.
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