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State-of-the-art technology has become a necessity within 
amino acid sequencing, though the mass spectrometry involved 
presents its own limitations. A combination of techniques can  
be utilised to alleviate these restrictions
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The development and production of any protein biologic relies 
on sound and robust structural data to demonstrate that the 
correct molecule has been produced. The data should allow  
an assessment of all relevant attributes of the molecule, and, 
from these data, in conjunction with bioassay information, 
conclusions can be drawn regarding structure and function. 
This is particularly true for biosimilars where analytical data  
is the foundation of any biosimilarity claim.

In a structural sense, the most common question that needs  
to be answered is “Is the amino acid sequence of my molecule 
correct?” This is true of novel biologics, where recombinant 
forms of a natural product are being produced, and is also 
critical for biosimilar production, where it is essential that  
the amino acid sequence of the biosimilar is shown to be  
the same as that of the innovator. Whatever the product,  
if the sequence is not as expected or comparable with an 
innovator, then the production process must be corrected 
before further development can be considered.

With the rise of modern analytical technologies such as mass 
spectrometry and its ability to generate significant structural 
information from proteins, sequence determination at the 
protein level has become more feasible. Sequence analysis  
at this stage (rather than DNA level) is able to confirm that 
correct translation has taken place and demonstrate that 
no issue has arisen with codon usage. Indeed, regulatory 
authorities are now expecting that amino acid sequence 
information is generated to provide confirmation of the 
comparability of biosimilar/innovator protein sequences, 
rather than relying on the DNA sequences alone. For  
example, the EMA Biosimilar Guideline states, “The target 
amino acid sequence of the biosimilar should be confirmed 
and is expected to be the same as for the reference medicinal 
product.” The comparable US FDA biosimilar guideline states, 
“It is expected that the expression construct for a proposed 
product will encode the same primary amino acid sequence  
as its reference product.” (1-2).

As outlined previously, an expectation exists from the 
regulatory agencies that amino acid sequences of innovators 
and biosimilars will be shown to be comparable. These tasks 
are not normally performed at the same time, as innovator 

sequence confirmation/determination is most frequently 
undertaken as the first step in the development of a  
biosimilar product and before any biosimilar batches  
are produced.

Sequencing Techniques

To fully sequence a protein at the amino acid level, techniques 
that can identify and distinguish individual amino acids from 
one another and provide information on their relative positions 
in the protein chain are necessary. The most amenable 
technique for this is mass spectrometry (MS), and techniques 
for the determination of protein sequence were developed 
many years ago (3). Two good reasons exist for using MS 
for sequence determination: firstly, MS works by accurately 
identifying the masses of components passing through the 
system optics. Secondly, certain types of mass spectrometers 
(eg quadrupole orthogonal time-of-flight [Q-TOF] instruments) 
have the capacity to generate fragment ions from peptides 
either through isolation of specific components (so called MS/
MS analysis) or through the use of energy switching within 
the instrument (MSe). Proteins are a class of molecule that 
have been shown to be amenable to mass spectrometric 
fragmentation at the peptide backbone (3-4). These 
fragmentation pathways result in a series of ions  
differing in mass by one amino acid. 

The sequence of the peptide can then be determined by 
looking at the mass differences between fragment ions  
derived from the same fragmentation pathway. Since  
most amino acids have different chemical structures and 
therefore different masses, the identity of the amino acid  
can be determined by the mass difference between associated 
fragment ions. The limiting factor in the effectiveness of this 
as an approach is the size of the peptides that can be readily 
fragmented. Energy considerations and the need to limit 
dissipation of energy through the ionised molecule to promote 
fragmentation mean that the maximum size for fragment ion 
generation is about 2-3kDa, which translates to a molecule  
of approximately 18-28 amino acids in length. Clearly, this  
is much smaller than most proteins of therapeutic value 
(for example, IgG monoclonal antibodies are composed of 
two light chains of approximately 214 amino acids each and 
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two heavy chains of approximately 450 amino acids each). 
Therefore, these proteins need to be reduced down to a 
mixture of constituent peptides to generate meaningful 
fragmentation data. This is achieved through the use of 
specific protease digests in conjunction with on-line liquid 
chromatographic (LC) separation of the digestion products 
and UV and mass spectrometric analysis of the separated 
components. The most useful form of ionisation for mass 
spectrometric analysis of peptides is electrospray, which 
produces peptide ions with multiple degrees of charging 
that are amenable to fragmentation. The whole procedure 
is therefore described as on-line LC/ES-MS analysis. Figure 1 
shows an example of the data generated in the high- and low-
energy channels of a Q-TOF mass spectrometer for a particular 
peptide eluting from an LC separation of a protein digest 
mixture. The low-energy mass spectrum clearly shows the 
presence of a signal that is consistent in mass with a particular 

peptide from the digest. The associated high-energy mass 
spectrum shows the fragment ions that were derived from  
this component and from which sequence information  
can be determined.

Single Enzymes and Data Generation

The use of specific protease digests results in the production 
of peptides of predictable size and sequence (based on the 
theoretically expected amino acid sequence). A commonly 
used enzyme for proteolysis is trypsin, which cleaves at the 
C-terminal side of the basic amino acids arginine and lysine. 
These amino acids are found relatively frequently along the 
length of a protein chain and thus result in the formation of 
peptides of a convenient size and charge for the generation  
of fragment ions by online LC/ES-MS. However, data generation 
from a single enzyme digestion strategy is not enough. Some 
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Figure 1: Peptide mapping data obtained from online LC/ES-MS analysis of a digest of a monoclonal antibody. The low- and high-energy mass spectra acquired during 
elution of the peak highlighted in red are shown. These data can be used to confirm the molecular weight and provide sequence information for each observed peptide
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regions will be too large or small (eg dipeptides or adjacent 
basic amino acids) to generate meaningful data. Furthermore, 
the use of a single enzyme does not allow the identification of 
the order of the peptides through the protein chain. Thus,  
for these reasons, using a selection of different proteases with  
different specificities is necessary to generate overlapping 
peptide sequences that can be stitched together to form 
a coherent overall protein sequence. This process is akin 
to peptide mapping, however, the emphasis here is on 
generating sequence ion information from the peptides  
rather than just intact mass data. The use of software tools  
to identify the fragment ions aids the sequence determination 
process, but manual checking of the data is imperative to 
ensure that correct assignments have been made and no  
key ions have been missed or misassigned.

Therefore, MS is a capable tool for amino acid sequence 
analysis and provides a significant amount of information. 
However, its strength comes from its ability to define amino 
acids within the sequence via the mass differences between 
fragment ions. While most amino acids differ in mass, the 
amino acids leucine and isoleucine are isomers and, therefore, 
isobaric (same mass). This means that a simple peptide 
fragmentation spectrum will not be able to distinguish 
these amino acids from each other. To provide a full and 
comprehensive peptide sequence with no ambiguities, 
differentiating these two amino acids is necessary. This can  
be achieved using gas phase sequencing (also known as 
Edman or N-terminal sequencing).

The Sequencing Solution

Gas phase sequencing is performed by the sequential 
chemical removal, derivatisation, and analysis of the 
N-terminal amino acid from a peptide or protein. The released 
amino acid derivative is then identified based on its relative 
chromatographic retention time against a panel of identically 
derivatised amino acids. Since leucine and isoleucine have 
different structures and hence retention times, they can  
readily be distinguished from one another (see Figure 2).

However, gas phase sequencing does suffer from its own 
limitations, as it relies on the presence of a primary amine  
at the N-terminus (ie a free, nonmodified N-terminus). For 
example, the presence of pyroglutamate as the N-terminal 
amino acid will prevent sequencing as the N-terminal amine  
is blocked within this cyclic amino acid. In this particular 
case, the N-terminal blocking amino acid can be removed 
enzymatically, and sequence analysis can then be performed 
starting at the second residue of the peptide or protein. 
This is also true of other N-terminal modifications, such as 
acetylation. The issue of N-terminal blocking/modification 
does not prevent mass-spectrometric-based sequencing  
since this technique relies on internal bond cleavage,  
which is not impacted by these modifications. Furthermore, 
since the Edman chemistry reaction does not release the 
N-terminal amino acid with 100% efficiency, the background 

level of derivatised amino acids builds from cycle to cycle, 
precluding unambiguous assignment of sequence beyond 
about 30 residues. 

Therefore, both of the above techniques, when performed 
together as part of a harmonised workflow, will provide  
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Figure 2: Stacked UV chromatograms (269nm) show the relative elution 
positions of derivatised Leucine (Leu, top chromatogram), derivatised 
Isoleucine (Ile, middle chromatogram), and all derivatised amino  
acids (lower chromatogram). The other labelled components in the 
chromatogram are reagent peaks
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amino acid sequence information to the level required by  
the regulatory authorities. An example of this workflow  
for primary sequence analysis of a monoclonal antibody 
product is shown in Figure 3. This workflow encompasses 
purification of the sample and, if necessary, separation  
into individual chains (eg IgG light and heavy chains).  
Specific digests are then performed and the digests  
analysed by online LC/ES-MS with MS/MS and/or MSe  
analysis to generate as much sequence data as possible. 
Peptides identified as containing leucine or isoleucine  
are collected and subject to gas phase sequencing. If 
necessary, N-terminal pyroglutamate is enzymatically 
removed prior to gas phase sequencing. De-N-glycosylation 
is performed to remove N-glycans (which would otherwise 
complicate the sequence determination). It should be  

noted that enzymatic release of the N-glycans results  
in the conversion of the asparagine carrying the N- 
glycans to aspartic acid. The identification of this  
residue following de-N-glycosylation and the absence  
of a signal for this residue from the undigested data  
confirms the presence of asparagine as the original  
amino acid in the sequence. It is also important −  
within a primary sequencing workflow − to perform  
intact mass analysis of the molecule to provide an  
overall mass against which all the sequence data can  
be compiled and compared. These data ensure that  
the mass calculated from the derived sequence is consistent 
with the experimentally determined intact mass (consistency 
provides additional confidence that the generated sequence 
is correct). The use of mass spectrometers that are highly 

Figure 3: Flow diagram showing a typical strategy for generation of amino acid sequence information (PGAP is an abbreviation for PyroGlutamyl AminoPeptidase: the 
enzyme used for removal of N-terminal pyroglutamate residues). The parts of the work associated with gas phase sequencing are shown in green
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Figure 4: Intact mass data generated from an IgG monoclonal antibody sample by online LC/ES-MS analysis using a Q-TOF mass spectrometer

resolving and provide accurate masses for intact proteins,  
such as Q-TOF instruments, allows the generation of  
reliable intact mass data from proteins and glycoproteins  
(see Figure 4).

In summary, a regulatory expectation now exists  
that the primary amino acid sequence of a biosimilar  
and its associated innovator will be determined. State- 
of-the-art instrumentation is available to allow this type 
of analysis to be performed, and, with experience and 
knowledge of appropriate protein chemical techniques, 
strategies can be developed that allow full sequence  
coverage to be obtained.
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