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Introduction 
Over the next five years it is anticipated that there is going to be an explosion in the numbers of biosimilar 
products coming to market as patents expire. Consequently, in line with regulatory guidance, there will be a 
commensurate need to provide full characterisation of such biopharmaceuticals. The purpose of this article 
is to describe the array of the more common techniques used in biopharmaceutical characterisation 
(typically of protein or polypeptide).  For full characterisation of a protein, the protein’s primary, secondary 
and tertiary structure as well as its physiochemical properties should be assessed. 
 
Routine methods such as SDS-PAGE are often used to gain an idea of the protein’s purity, the presence of 
truncated forms and the degree of aggregation.  However, they don’t give details on what the exact amino 
acid sequence is, what post translational modifications may be present or any details on the secondary or 
tertiary structure of the protein. 
 
 
Mass spectrometry for protein characterisation 
The use of mass spectrometric techniques in the area of identification and characterisation of proteins has 
grown exponentially since the 1980’s. At its most basic, mass spectrometry can be used to obtain an 
accurate mass of a protein (often to ≤1 Da). This information provides a quick and easy way to determine if 
a protein is modified and will pick up differences in protein forms that will not be resolved by low-resolution 
techniques such as SDS-PAGE. 
 
Simple bottom-up proteomic techniques involving digestion of the protein(s) with a sequencing grade 
enzyme (e.g. trypsin) followed by LC-MS-MS (coupling of a HPLC to an electrospray mass spectrometer) of 
the resulting peptide mixture produces vast amounts of data. Such data is analysed using search engines 
which compare the peptide sequences identified to those contained within protein sequence databases 
such as SwissProt. Peptides behave in a very convenient and predictable way in a mass spectrometer, with 
amino acids falling off in such a way that a peptide sequence can be determined. The fragmented peptide 
data, providing the sequence information, is plugged in to the aforementioned search engines where the 
sequences of the peptides can be compared to those of the millions of protein sequences in the databases. 
The results show what proteins have been found in the sample and will show the sections of the identified 
protein’s amino acid sequence that has been detected. In traditional proteomics where the aim was to 
identify as many proteins in a sample as possible; such techniques could generate thousands of protein 
identifications. In the world of biopharmaceuticals where the emphasis is likely to be on single proteins 
(possibly containing different forms) such information will confirm protein identity and any contaminating 
proteins in the sample.  This approach should also give up to 80% confirmation of the protein sequence. 
 
Mass spectrometry can be used to delve further into the protein. It can be used to identify sites of a vast 
array of different types of modification, such as phosphorylation, oxidation and deamidation. Performing a 
database search using commonly available search engines, one can tailor the search to suit immediate 
needs, e.g. looking for oxidised methionine residues.  This can be accomplished by amending search 
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parameters as a variable modification, and the software will consider both the possibility of oxidised 
methionine as well as unmodified methionine when comparing the sequences to that in a database. Such 
techniques are essential when looking at the discrete differences that may exist between biobetters and 
biosimilars. 
 
Such peptide mapping techniques can also be used to identify sites of disulphide bonds by LC-MS-MS 
analysis of non-reduced protein. The disulphide linked peptides produced are then identified by manual 
de-novo sequencing.  
 
 
Protein characterisation by other techniques 
Mass spectrometry in and of itself does not allow full characterisation of a protein.  For full characterisation, 
orthogonal complementary techniques are required, many of which are the older techniques (e.g. Edman 
degradation, etc.) still commonly used to gain further insight into a protein.  
 
Amino acid analysis, involving hydrolytic cleavage of a protein into its constituent amino acids followed by 
ion exchange chromatography to quantify these amino acids, will tell exactly how many of each amino acid 
is present in the sample. Once the amino acid composition is known UV/visible spectrophotometry can be 
used to determine the extinction coefficient. Standard mass spectrometry peptide mapping techniques, as 
discussed above, using database search engines will not identify, for example, an amino acid substitution. 
The presence of such a substitution may be indicated by amino acid analysis. Mass spectrometric data 
could then be mined manually to locate such a substitution.  
 
Edman degradation is still commonly used to identify the N-terminal sequence of a protein. Though the N- 
and C-terminal sequence will often be determined by mass spectrometry peptide mapping, again as search 
engines are most commonly used for data analysis, unexpected modifications or substitutions may be 
missed without manual data mining which will prove difficult in complex samples. 
 
Protein aggregation is a common problem in the production of biopharmaceutical proteins. With techniques 
including size-exclusion chromatography, analytical ultrafiltration and field-flow fractionation employed for 
aggregate analysis. 
 
 
Looking ahead 
With growing investigation and production into biobetters and biosimilars, increased protein 
characterisation is becoming essential to fulfil regulatory demands. In addition, protein characterisation can 
be used to help solve expensive production problems, e.g. excessive aggregation formation or to identify 
contaminating protein species. 
 
 
 


