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The challenges of protein
formulation

� Proteins are larger & less stable than chemical entities 
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� Their primary and secondary structure may be subject to various instability, e.g.:

� Chemical instability: deamidation, oxidation, disulfide exchange, rupture or formation of 
disulfide bound,

� Physical instability: denaturation, precipitation, adsorption, 
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� Their three-dimensional structure can be disrupted by a number of 
factors including the presence of hydrophobic surfaces, high 
shear, the removal of water and a change in temperature or pH.

� Post-transcriptional process (glycolysation) & quaternary structure 
are also points to be considered in term of instability.

� A change in a protein's structure can not only negatively impact its 
therapeutic effect but raise to adverse immune reactions.

� Proteins have a low permeability leading to a low bioavailability 
and are sensitive to protease. 

The challenges of protein
formulation

� drug delivery options are limited

� need of wide range of techniques to characterize those molecules 
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� Method of choice used as stabilization technique for therapeutic proteins & peptides 
(long term storage):

Freeze-drying formulation

� Points to consider:
� Critical formulation temperature 

� Appropriate choice of excipients (Cryo and 
lyoprotectants, thermal stabilizers, bulking agent)

� Optimization of the freezing cycle:
• Cristalinity versus amorphous state 

• Crystal size
• Shortening the duration of the process

� Key factors:
� Protein structure/stability
� Final dosage form
� Desired product concentration (aggregation)
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� Isotrope solutions made of immiscible solvents (oil and water) stabilized by an interfacial 
film of surfactant & cosurfactant molecules.

Microemulsion formulation

� Used to improve the bioavailability of poorly soluble drugs: 
� No energy required
� Soft process compatible with fragile molecules
� Spontaneous formation, thermodynamically stable
� High solvatation properties
� Open new routes of administration

� Points to consider:
� Choice of surfactant & cosurfactant
� Construction of phase diagrams
� Protein/microemulsion compatibility

� Key factors:
� Protein structure/stability
� Final dosage form
� Desired product concentration
� In vivo behaviour of microemulsion (IV)

Hydrophilic
phase100%

Surf/Co-surf 100%

Lipophilic
phase 100%

Phase diagram
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Analytical issues related to Protein
characterization

Cell based assays / enzyme based assay, SPR� Biological activity & binding

HPAEC-PAD, MALDI-TOF, CE, PPM/MS
� Glycosylation

pattern/sequencing 
Identification of glycosylation
sites

RP-HPLC, Host Cell Protein Assay, Residual Protein A (Western Blot)� Impurities

AU, DLS, HP-SEC., Native PAGE, cross linking� Aggregates, oligomer or non 
covalent complex 

Far and near UV-CD spectroscopy, Infrared Spectroscopy, Microcalorimetry, 1H-
NMR, intrinsic fluorescence spectrometry, FRET, limited proteolysis

� Secondary and tertiary structure

Amino acid composition analysis, PPM, N-terminal sequencing (Edman protein 
sequencing), MS-MS sequencing, RP-HPLC, MALDI-TOF; HPAEC-PAD

� Primary structure

CE, IEC, IEF� Charge

Reducing / non-reducing SDS-PAGE, Native PAGE, 2D-PAGE, Western Blot, 
HP-SEC, AU

� Size

Absorbance (UV-Vis), Biuret, BCA, Lowry, Bradford, Cell based assays, Immuno-
assays, HP-SEC, RP-HPLC

� Purity & ID (Titer)

Analytical methodsParameters



������

Thank you for your attention!


