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Introduction
The increasing interest in Biosimilars and the rapid 
development of, and increasing diversity of biotherapeutics 
is stimulus for the advancement of tools for their analysis. 
The demand for more information from development 
scientists and regulators on critical quality attributes (CQAs)  
of these therapeutics pushes the limits available time and 
instrumentation. At the same time flexibility in approach and 
the need for high information-content experiments compete 
for time and funding. In these studies the utilization of high 
information content, flexible workflows are demonstrated in 
the definition or comparison of critical quality attributes of 
different classes of biotherapeutics. Herein the challenges of 
implementing such a tool for the high resolution MS 
determination of Critical Quality Attributes (CQAs) in a 
robust and routine fashion are discussed. 

These include monoclonal antibody characterization (glycoform), 
antibody-drug conjugate analysis for the determination of drug loading 
(DAR), intact determination of the sequence of a peptide, and peptide 
MS/MS for identification purposes. The attributes of the Q-Exactive 
which make it useful are demonstrated and include mass accuracy in 
MS and MS/MS modes, and reliable mass accuracy.

Figure 1 shows the Q-Exactive BioPharm, which was used for all 
acquisitions. Acquisitions were made across the range of  possible 
resolving powers and sensitivities dependent upon the need of the 
experiment. The details are designated throughout. Table 1 provides 
the general conditions used for these experiments. These conditions 
are not optimized, but were chosen as representative and allowed the 
mass spectrometer to do its work and to extract information about the 
molecules of interest. It is likely that additional information beyond 
what we have acquired could be achieved through true optimization of 
the separation conditions but this will vary from molecule to molecule. 

Antibody-Drug Conjugate Mimic
In the development of an antibody-drug conjugate the determination of 
the drug-antibody loading is critical. Drug load is automatically 
calculated when DAR processing is enabled in the intact workflow. 
DAR values were calculated from both intact and reduced analyses 
with excellent agreement between analyses and reported CoA values 
(DAR of 4.2). This is achieved using size exclusion HPLC. The 
capabilities of the Q-Exactive are tested using a model ADC (Millipore-
Sigma) whose structure is shown in Figure 2. The deconvoluted 
spectrum obtained is provided in Figure 3. From this spectrum the 
DAR is automatically calculated by the software and here provides of 
4.6 (in good agreement with the CoA value of 4.3).

Table 1. Instrument Parameters and Conditions

Analysis Column
Mobile 

Phase A
Mobile 

Phase B
Flow Rate 
(µL/min)

Intact/ 
Middle-up

Thermo MAbPac
RP 4 µm 

2.1 x 50 mm
0.1% FA(aq) 0.1% FA(ACN) 0.25

Intact ADC
Thermo Acclaim
1000-SEC 7 µm 
4.6 x 300 mm

100 mM
Ammon.
Acetate

- 0.18

Reduced 
ADC -
SEC

Thermo Acclaim 
1000-SEC 7 µm 
4.6 x 300 mm

0.1% TFA in 
30% ACN(aq)

- 0.18

Reduced 
ADC - RP

Thermo MAbPac
RP 4 µm 

2.1 x 50 mm
0.1% FA(aq)

0.1%
FA(ACN)

0.25

Peptide/ 
Disulfide
Mapping

Thermo Acclaim
RP C18 3µm 
2.1 x 250 mm

0.1% FA(aq) 0.1% FA(ACN) 0.25

Intact 
Calcitonin

Thermo Acclaim
RP C18 3µm 
2.1 x 250 mm

0.1% FA(aq) 0.1% FA(ACN) 0.25

mAb Analyses: Intact to Peptide Mapping
The NIST RM8761 mAb was analyzed using various approaches to 
evaluate critical quality attributes. Specifically, mass accuracy was 
leveraged for intact analysis of glycoforms and sequence confirmation 
from comprehensive peptide digestion with trypsin. Mass errors ranged 
from 0.6-17.8 ppm for the major intact glycoforms and < 10 ppm for all 
but two identified peptides. Figure 4 shows the glycoform distribution for 
the intact mAb as well as the determination of the deglycosylated mAb
“subunits.” Mass accuracy is outstanding and pivotal to these analyses.

In addition to the intact analysis, tryptic digestion with MS/MS is key to 
the confirmation of the protein primary structure. Mass accuracy at the 
peptide level is useful but the combination of low ppm peptide mass 
accuracy along with low ppm mass accuracy in the fragment ions makes 
confirmation of identity more robust and facilitates the identification of 
both hard and easy to fragment ions. Below (Figure 5) are the MS/MS 
spectra from two peptides along with their theoretical spectra (from the 
proposed peptide sequence). Both precursor ions showed mass 
accuracies below 5 ppm. Representative fragment ions shown are 
summarized in Table 2 and provide fragment ions having mass 
accuracies also below 3 ppm. 

Figure 6. MS/MS spectrum of C1-G30 fragment of calcitonin.

Conclusions
The Q-Exactive Biopharm has been utilized in some representative 
applications for biopharmaceutical characterization. The aim was to 
test its capabilities and utilize its workflows to provide data on 
critical attributes. It has been leveraged in: 

▶ ADC characterization to determine DAR (drug payload)
▶ Evaluate mAb attributes including sequence confirmation with

MS/MS and glycoform distribution
▶ Sequence peptides

The system provided outstanding mass accuracy, which was 
leveraged to define the attributes with high confidence. 
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MS/MS Mass Accuracy
To evaluate the ability to obtain sequence information 
from a larger peptide (which can be challenging) Salmon 
calcitonin was analyzed directly. The acquisition was 
performed using the Peptide Mapping workflow using CID 
fragmentation. Fragments were identified using 
BioPharmaFinder as “nonspecific enzyme” digestion. The 
resultant MS/MS spectrum for the 1-30 form of Salmon 
Calcitonin is shown in Figure 6. The mass errors 
observed in these analyses are shown for representative 
peptides in Table 3.

Peptide Theo. Mass Exp. Mass PPM Error

C1-P32 (1ss, 
S29-18.01) 3412.69 3412.68 -2.03

C1-G30 (1ss) 3232.55 3232.59 -2.87
C1-G28 (1ss) 3088.54 3088.53 -2.77

Table 3. Major Fragments and PPM Errors of Calcitonin 

Figure 4. NIST RM8761 a) nascent with proposed glycosylation and B) 
deglycosylated, reduced and IdeS digested.

a) b)

Figure 1. Thermo Q Exactive Plus BioPharm 
Orbitrap mass spectrometer.

Intact Analysis Data

Figure 3. Comparison of MSQC8 and MSQC4 intact analysis.

Figure 2. MSQC8 conjugation diagram.
Fragment

Abs Mass 
Error (ppm)

86.0968 4.6

173.1279 2.6

173.0917 2.3

242.1133 0.8

383.2274 1.8

288.2019 3.8

474.2817 1.3

531.3022 2.8

630.3726 0.5

717.4033 1.2

905.4624 4.2

Figure 5. MS/MS spectra 
of mAb peptides.

Table 2. Peptide Mass 
Errors from mAb
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