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Abstract

Biopharmaceutical therapies, such as monoclonal 
antibodies, are set to replace traditional small molecule 
blockbuster drugs over the next few years. Biologics 
are usually very large, complex molecules. A biologic is 
manufactured in a living system usually by recombinant 
technology. These living systems can be very sensitive 
to minor changes in the manufacturing process. Small 
process differences may significantly alter the final 
biologic product, by introducing modifications, which 
may adversely affect the safety and efficacy of the drug. 
Strict quality control, of each biopharmaceutical batch is 
essential to ensure reproducibility between batches and to 
achieve regulatory approval. 

QC of each biologic batch can rapidly be performed 
by non-technical experts using electrospray mass 
spectrometry (ESI-MS). The Bruker maXis™ ESI-
UHR-TOF-MS, provides high-resolution, high-mass 
accuracy (confident low ppm) data at full sensitivity. The 
combination of high mass accuracy and resolution allows 
rapid detection of modifications, whilst high sensitivity 
assists detection of low level impurities within the biologic 
batch. In this application note we will describe an open 
access method for the rapid QC characterization of 
biotherapeutic drugs. 
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Introduction

Biopharmaceuticals, in particular monoclonal antibodies, are 
set to revolutionize healthcare of the future. Antibodies are 
essential human proteins that are involved in the immune 
system’s ability to recognize and eliminate pathogens. Due 
to their high affinity and high specificity antibodies have 
been shown to be successful in the treatment of cancers 
and autoimmune diseases. It is estimated that over the next 
few years around 30% of all new drug approvals will be 
antibodies or antibody fragments.

Biotherapeutic agents are now routinely produced by 
recombinant technology using animal and bacterial cell 
lines. These biological systems can be manipulated to 
produce proteins with very specific modifications, such as 
glycosylation, which are essential for therapeutic function. 
However, biological systems are very susceptible to subtle 
changes in the manufacturing process such as cell growth 
conditions which may result in incorrect modifications or 
alteration of glycosylation patterns which can significantly 
alter biological function. Strict quality control of each 
biopharmaceutical batch and comparison with reference 
standards is essential to ensure reproducibility between 
batches and to achieve regulatory approval.



The biopharmaceutical industry requires efficient, accurate 
and comprehensive generation and interpretation of data 
from each protein batch to comply with quality control 
regulations. The combination of liquid chromatography 
with mass spectrometry provides an excellent technique 
for rapid characterization of proteins. Measuring the 
intact mass of a protein quickly confirms if the protein 
drug has been correctly manufactured and purified and 
provides information about heterogeneity and any potential 
contaminants. In this way batches can be easily filtered 
using pass / fail QC criteria either as acceptable for use 
or marked for re-processing due to the appearance of an 
impurity or heterogeneity which may cause adverse drug 
reactions.

Until recently, mass spectrometric experts were required to 
interpret LCMS datasets. However, recent developments in 
automated data acquisition and interpretation, using generic 
methods for analysis of different proteins, now facilitate 
rapid QC of biopharmaceuticals by non-expert operators 
using a simple workflow on a single platform.

The Bruker maXis ESI-UHR-TOF, provides high-resolution, 
high-mass accuracy (confident low ppm) data at full 
sensitivity. High resolution with high mass accuracy is a 
pre-requisite to characterize heterogeneous glycosylation 
patterns along with a range of other PTMs, whilst high 
sensitivity is essential to detect low levels of impurities.

In this application note we will describe an open access 
method for the rapid QC characterization of intact protein 
drugs and their comparison with reference standards to 
produce qualitative and quantitative information. We will 
also demonstrate the technical performance and suitability 
of the maXis for the analysis of biopharmaceutical proteins.

Experimentals

Recombinant human IgG was expressed in Chinese 
Hamster Ovary (CHO) cells. Proteins were separated with a 
Zorbax SBC8, Rapid Resolution Cartridge (2.1 x 30 mm, 3.5 
µm) within 15 minutes and directly analyzed by the maXis. 
IgG was reduced and alkylated to release the heavy (HC) 
and light chain (LC).
	

LC system Agilent 1200 binary pump

LC column
Zorbax SBC8 Rapid Resolution Cartridge, 
2.1 x 30 mm, 3.5 µm 

Solvent A 0.1% HCOOH in water

Solvent B 0.1% HCOOH in ACN

Gradient
0 min: 0%B, 3 min: 0 %B, 10 min: 100 %B, 
13 min: 100 %B, 13.1 min: 0 %B 

Column flow rate 300 µl/min

Column 
temperature

70°C

Mass 
spectrometer

Bruker maXis UHR-TOF MS, positive ion 
mode, internal calibration
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Figure 1: The mass spectrum before and after charge deconvolution 
applying the Maximum Entropy algorithm. The mass deviation 
between measured and theoretical mass is better than 2 ppm. The 
high resolving power of maXisTM rapidly identified heterogeneous 
glycosylation patterns, the major glycosylated species have been 
annotated. 

Figure 2: Maximum Entropy deconvoluted ESI-UHR-TOF spectrum 
of the released heavy chain of the human IgG1. Taking into account 
average atomic weights from organic sources according to Zhang 
et al., the calculated mass of the mass labeled glycosylation form 
is 51068.88Da, which deviates <2ppm from the measured mass. 
Annotated peaks labeled with * represent chemical artifacts due to 
overalkylation.
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non-desired by-products originating from the alkylation 
step, leading to an overalkylation, yielding additional peaks 
shifted by 57Da.

In Figure 3 it can be observed that there is an exact match 
between the calculated and experimental isotopic pattern of 
IgG light chain, illustrating the technical power of the maXis 
for the analysis of intact proteins. Of equal importance 
to the technical performance of the mass spectrometer 
is the ability to rapidly generate QC reports. Automated 
generic MS acquisition methods can be created to acquire 
MS data from the intact protein, these methods include 
the generation of QC sample reports. The sample reports 
contain details such as TIC, deconvoluted protein mass and 
qualitative and quantitative comparison with a reference 
standard to quickly identify any incorrect products or 
impurities within the new batch. The rapid QC workflow 
can be seen in Figure 4 with typical reports shown in Figure 
5. Additionally, acceptance criteria may be set by the user 
to rapidly visualize samples which meet QC acceptance 
requirements and those which fail or require further 
more detailed investigation Figure 6. Such acceptance 
requirements may include; average mass deviation of 
sample peaks, number of observed or missing peaks in 
comparison to a reference sample, number of unexplained 
potential impurity peaks and intensity of sample compared 
to reference peaks.

Results

Figure 1 demonstrates the ability of the Bruker maXis 
ESI-UHR-TOF instrument to generate high-resolution, 
high accuracy mass data of intact proteins allowing rapid 
assignment of the major glycosylation isoforms of human 
IgG1. Maximum Entropy deconvolution of the data yields a 
mass for the major glycosylation form, which fits with the 
expected average mass range based on a calculation of 
atomic weights from organic sources according to Zhang et 
al. (deviation between measured mass and expected mass 
based on average atomic masses from organic sources: 
2ppm). Further glycosylation isoforms were assigned based 
on characteristic mass distances of 162Da indicating a rising 
number of galactose units.

The released heavy chain of the intact human IgG was also 
analyzed by ESI-UHR-TOF (see Figure 2). The measured 
mass was found to be in excellent agreement with the 
expected mass, showing a 2ppm deviation from the 
calculated mass according to Zhang et al. In addition, the 
high-definition data provided by the maXis also allows 
unambiguous assignment of chemical artifacts which 
were generated during sample preparation. In the example 
shown here, spectral peaks that did not match the masses 
of expected protein sequence/glycosylation structures 
(denoted with * in Figure 2) could be assigned to 

Exact match between the calculated and experimental 
isotopic pattern

Figure 3: Comparison of the experimentally obtained isotopic 
pattern of the reduced and alkylated Light Chain of the IgG antibody 
compared with the expected theoretical isotopic pattern showing a 
mass deviation of < 0.2ppm. 

Figure 4: Quality Control Workflow. Intact protein data is 
automatically acquired, deconvoluted and compared with a reference 
standard. QC reports can be automatically generated containing the 
TIC for detection of impurities, the deconvoluted mass to ensure the 
correct product has been made and comparison with a reference 
standard to draw attention to any differences between sample and 
the reference standard.
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Conclusion

LC coupled to maXis ESI-UHR-TOF provides unbeatable 
technical performance for the analysis of biotherapeutic 
drugs with data produced at high-resolution, with no 
sensitivity compromise, combined with highly accurate 
mass data. We have described a rapid quality control 
workflow which offers fully automated MS acquisition 
and data processing from intact proteins, along with the 
generation of automated reports from each sample. In 
addition we present a high-throughput visualization tool for 
immediate identification of batch samples which either pass 
or fail QC acceptance criteria.

Fully automated high-throughput QC workflows provide 
several benefits to the scientist and their company. As 
the MS methods, processing and reporting are fully 
automated, routine QC evaluation can be carried out by 
non-qualified personnel, thus releasing technical specialists 
to concentrate on tasks which require higher levels of 
scientific input. The high-throughput automated QC 
workflow in combination with high technical performance 
also results in significant time and cost savings for the 
company. Products which pass QC criteria can be quickly 
released to the market, whereas faulty batches are instantly 
detected and retained for further analysis to check for 
incorrect products or impurities which may affect drug 
safety, stability or efficacy.

Figure 5: Automated report containing essential QC information 
such as TIC, deconvoluted protein mass and qualitative and quan-
titative comparison with a reference standard. This information 
rapidly highlights incorrect products or impurities within a batch. 

Figure 6: QC analysis of 
96 samples, where QC 
acceptance criteria has 
been set by the user. A 
visual overview of samples 
is automatically created 
displaying those samples 
which meet QC acceptance 
criteria and those which fail.
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