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Immunoglobulin G molecules have become attractive as targeted
therapeutic proteins, due to their high specificity and long
circulation time. Glycosylation patterns determine the stability
and bio-disposition of these recombinant protein drugs in vivo, as
well as the efficacy, folding, binding affinity, specificity and
pharmacokinetic properties. Therefore, a complete
characterization of the biotherapeutic IgG glycosylation is
desirable.
In this study, we demonstrated how a comprehensive MS/MS
analysis of the glycopeptides can be achieved by targeting the
known nature of the glycosylation structures. We used
Trastuzumab, a humanized mAb, and SilumAb in this proof of
concept study. Monoclonal IgGs have a known glycosylation site
and set of glycan isotypes (complex, high mannose and hybrid).
We applied a robust MRM triggered MS/MS workflow to profile
and confirm glycopeptides and their glycan isoforms. Overlaying
several specific MRMs for each glycopeptide group and
searching each full scan MS/MS spectrum with SimGlycan®

Figure 1. Targeted Detection and Characterization of
Glycopeptides using Unique QTRAP® System Functionality. MRM
transitions specific to a set of IgG1 glycopeptides (inset) were used to
trigger full scan MS/MS. The example shown for EEQYNSTYR-GO-F
highlights the multiple levels of information used to successfully identify
the glycopeptide (matched MS/MS spectra, multiple overlaid MRMs to
structural fragments and a SimGlycan® MS/MS search score).

provides added confidence to the identification of each
glycopeptide isoform (Figure 1).

Key Advantages of Using the QTRAP® 6500
System for Quantitative Glycopeptide
Profiling
•

The QTRAP® 6500 system with 2000 m/z upper mass limit
can sufficiently detect complex, hybrid and high mannose
type containing glycopeptides.

•

High sensitivity of full scan MS/MS (EPI) acquired with low
energy CID provides both carbohydrate fragment ions
(mainly B/Y) and peptide fragment ions (b/y)

•

High information content MS/MS for identification of Nglycopeptides using SimGlycan® Software

•

Expanded functionality of Scheduled MRM™ Pro Algorithm
enables:
•

More glycopeptides to be screened - Group triggered
MRM improves dwell and cycle time by only acquiring
secondary transitions when primary transitions to the
glycopeptides are above the set threshold.

•

More specific acquisition of MS/MS - Group triggered
MIDAS™ workflow triggers MS/MS only when multiple
primary transitions for a glycopeptide are detected.

•

Increased efficiency of targeted detection for
glycopeptides without enrichment strategies.
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Materials and Methods
Sample Preparation: Monoclonal antibodies (mAb human) were
supplied by Bristol-Myers Squibb (Sunnyvale, USA). The mAb
solution (30-60 µg in 30 µL) was first denatured 8M Guanidine
HCl (60 µL) and reduced with 800 mM DTT (5 µL), incubated at
37°C for 1 hour. 10 µL of 800 mM iodoacetamide was added and
incubated at RT for 45 min. A Zeba column (PN PI89883, VWR)
was used to remove guanidine and any impurities before
digestion (use according to manufacturers’ guidelines). Recovery
of 65% was observed. A 1 µg aliquot of trypsin was added and
solution was incubated at 37°C for 2 hours. A second aliquot of 1
µg of trypsin was added and incubate at 37°C for 2 more hours.
The digests were diluted to a final concentration of 3.3 pmol/μL
prior to LC-MS analysis.
LC Analysis: Microflow LC was performed using the NanoLC™
425 system (SCIEX) using a using a C18 RP column (CXP
CL18-120 0.5x150mm, SCIEX) running at 15 µL/min. The
autosampler was equipped with a 10 µL sample loop. Samples
were directly loaded onto a heated column at 30°C using a 30
min gradient to 2-35% acetonitrile, 0.1% formic acid). Injections
of 3.3 to 6 pmol of protein digest on column per run were
performed.

Mass Spectrometry: The eluent was analyzed using QTRAP®
6500 system equipped with an IonDrive™ Turbo V Source and a
25 μm I.D. electrospray probe (SCIEX). Analyst® Software 1.6.2
with the Scheduled MRM™ Pro Algorithm was used for data
acquisition. A variety of scan modes was explored to quantify
and confirm the glycopeptides from the digested mAb sample.
Excel spreadsheet was created to automatically to compute
targeted MRM transitions for known fragment ions (Table 1).
Data Analysis: Full scan MS/MS spectra acquired on the
targeted glycopeptides were then analyzed using SimGlycan®
Enterprise Software 5.4. A search template containing the known
sequence of the glycopeptide is first created then searched
against a database containing all possible N-glycan structures.
Spectra were annotated using the symbolic peak representation.
Results are reported in Excel along with glycan scores and
structures for further downstream data analysis. MRM peak
integration was performed using MultiQuant™ Software 3.0 and
exports of RT and area were collected to set up time-scheduled
MRM methods containing specific marker ions. PeakView®
Software 2.2 was used to overlay multiple MRM transitions for
the same species allowing quick assessment of peak shape to
scan for possible peak interferences.

Figure 2. Group MIDAS™ Workflow Uses In Silico MRM Prediction for Detection and Ion Trap MS/MS for Confirmation. As the glycans on IgG
proteins are constructed in a known way on known peptide sites, the glycopeptides formed during digestion can be easily predicted. This enables the in
silico prediction of MRM transitions to these potential glycopeptides. Multiple transitions per glycopeptide (both primary and secondary MRM transition)
are used to increase the specificity of detection with group triggered MRM workflow in the Scheduled MRM™ Pro Algorithm. Both additional MRMs and
full scan MS/MS spectra can be collected in a targeted manner to characterize and quantitatively profile glycopeptides from IgG.
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In Silico Prediction of MRM Assays for IgG
Glycopeptides
Because of the controlled manner in which glycosylation is
constructed on an IgG and the known glycosylation site in the Fc
domain, the tryptic glycopeptides can be easily predicted. The
production of IgG molecules in cell culture results in varied
glycoprotein structure due to incomplete processing of the
galactose and fucose residues from the biantennary glycans,
adding to the complexity. Targeted MRM assays can be easily
predicted for all possible IgG glycan structures, using the known
structures and peptide sequence for parent ion computation and
the common known fragment ions that are produced during
MS/MS, including diagnostic marker ions (Table 1). An Excel
spreadsheet was constructed that enabled the computation of
specific MRM transitions for all possible IgG glycopeptides. Also
included were some unusual IgG glycan forms that had been
reported in the literature.

Figure 3. Detection of a Specific Tryptic Glycopeptide using Sets of
Specific MRM Transitions. For the targeted detection of the
EEQYNSTYR-G1FB, primary MRM transitions from the predicted parent
mass to the diagnostic sugar ions, (m/z 204.1 and 366.1) were used to
trigger the secondary MRMs when they exceeded the threshold of 200
cps. For this glycopeptide, secondary MRM transitions were used that
confirmed the presence of fucose (m/z 147.1), the peptide core (m/z
1392.62+), the B-ion (m/z 512) and the bisecting core (m/z 982.42+).

Group Triggered MRM for Specific Detection
In the Scheduled MRM™ Pro Algorithm, there are a number of
additional features that can be used to improve the efficiency
and specificity of targeted detection workflows. First is the ability
to define sets of transitions as a group for a specific
Table 1. Significant Fragment Ions for IgG Glycopeptides. The
fragment ions produced by MS/MS of different glycoforms can act as
diagnostic marker ions and can be predicted and monitored by MRM
for specific detection and quantitation. An Excel spreadsheet was
constructed to automatically compute MRM transitions for the known
peptides (peptide EEQYNSTYR in this case) using these expected
fragment ions.

MRM
Q3 ion
type

Sugar

Symbol

Description
Confirms a glycan is
attached to peptide

P

204.1

HexNAc

P

366.1

HexHexNAc

S

512

HexHexNAcFuc

S

982.42+

Pep1–HexNac3 Hex3

Confirms bisecting glycan
portion

S

1042.42+

Pep1–HexNac2 Hex3

Confirms non-bisecting
glycan portion

S

274

NeuAc-H2O

S

657

NeuAcHexHexNAc

S

803

NeuAcHexHexNAcFuc

S

147

Fuc

B-ion

Confirms sialic acid

glycopeptides. Within the group, MRMs expected to be most
intense can be set as primary transitions, and additional
confirmatory MRMs can be defined as secondary transitions
(Figure 3).
Historically, a precursor ion scan was done on specific sugar
ions, mainly 204 (GlucNAc) or 366 (HexHexNAc), to find out
which peptides are glycosylated1. As these are typically of good
intensity, these were used as primary MRM transitions for the
first round of glycopeptide detection, triggering additional
structurally unique secondary MRMs to further characterize the
sugar structure (Figure 3, 4). Using group-triggered MIDAS™
Workflow, improved dwell and cycle times are achieved by only
acquiring secondary transitions when a glycopeptide is eluting as
detected by primary transitions. In order to explore the feasibility,
sensitivity and specificity of a group-triggered MIDAS™
Workflow, we used a tryptic digest of two IgG1 antibodies
containing glycopeptide 1 (EEQYNSTYR) and peptide 2
(TKPREEQYNSTYR).
This initial MRM method served two purposes: first it provided
initial evidence regarding the presence of the specific
glycopeptide form, and second it provided a retention time for
further optimization of a time-scheduled MRM assay.
We conducted several runs for peptide 1 (Figure 3) and peptide
2 (Figure 4) of IgG1 isoform. In a second run, the retention times
from the first run were used to schedule the MRM transitions,
which enabled the use of more specific marker ion such as
Fucose, bisecting-ions, core-ions, Y12+ ion, B-ion
(HexHexNAcFuc+H+)+ and sialic acid-ions. In summary, we
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used 204 and 366 ion as primary MRM transition and all other
ions as secondary transition for all non-sialic acid glycoforms.
By overlaying the results of these additional MRM transitions in a
group, specificity was achieved for each glycopeptide isoform.
Detection of a bisecting ion confirms a G1B-F glycoform on
peptide 1, as demonstrated in Figure 3 by the presence of signal
for the bisecting core ion (m/z 982.42+).

Increased Glycopeptide Detection using
Both Peptide Forms
Previous work1 has shown that a large glycan structure can
mask the tryptic cleavage site and therefore neglecting this
longer peptide would result in an incomplete glycan profile.
Therefore, Peptide 2 was also included in the study
(TKPREEQYNSTYR contains 1 missed tryptic cleavage). The
same diagnostic marker ions were monitored for peptide 2
(Table 1). However, the fragment ion masses for the core and
the bisecting glycoforms were modified accordingly.
Here, the overlay of the additional secondary MRMs highlights a
high mannose type glycoform, mannose-7 (Figure 4). The
specific core ion (m/z 1283.92+) confirms the high mannose type
structure. It was found that by monitoring peptide 2, additional
high mannose glycoforms could be detected (such as mannose7 and 9) and a tri-antennary A3 isoform as shown in Table 3.

Chromatographic Profiling of Glycopeptides
When studying glycopeptides, there are multiple challenges due
to broad dynamic range that must be overcome. The targeted
profiling of glycopeptides using MRMs to the m/z 204 marker ion
shows that specific glycoforms can be up to 10 times more
abundant than other glycopeptides (Figure 5). In addition, the
abundance of the non-glycosylated form of the peptide can again

Figure 4. Detection of a Specific Non-Tryptic Glycopeptide using
Sets of Specific MRM Transitions. For the targeted detection of the
TKPREEQYNSTYR-Mannose7, primary MRM transitions from the
predicted parent mass to the diagnostic sugar ions, (m/z 204.1 and
366.1) were used to trigger the secondary MRMs when they exceeded
the threshold of 200 cps. For this glycopeptide, secondary MRM
transitions that confirmed the correct branching of a high mannose type
were used such as m/z 937.92+ for the Y12+ ion (Peptide 2 + HexNAc)2+
and 1283.92+ for the core (Peptide 2 + HexNac2 Hex3)2+.

be as much as 10x more abundant than the glycosylated form
(VVSVLTVLHQDWLNGK - data not shown).
In order to detect lower abundant glycopeptides, a significant
amount of digest was loaded (pmoles of IgG digest on column).
The glycopeptide chromatographic profile (Figure 5) highlights
the variation in abundance observed as well as the co-elution
that is often observed when using a C18 column. However, good
quality MS/MS on many glycopeptide isoforms is still obtained
because of the specificity gained by targeted detection (Figure 5,
inset). Group-triggered MIDAS™ Workflow was key to obtain
improved peak sampling and more MS/MS acquisition when
many targeted glycopeptides co-elute. These can then be used
for glycoform identification because of the quality of the spectra
(highlighted in Figure 1).

Figure 5. Targeted Quantitative Profiling of Glycopeptides using the MIDAS™ Workflow. The chromatogram shows the MRM transitions for the
IgG1 glycopeptides on peptide 1 (EEQYNSTYR) to the 204 marker ions. When signal is detected in the MRM transition, a full scan MS/MS spectrum is
collected, to confirm the glycopeptide structure (inset demonstrates the m/z and retention where each selected glycopeptide was sent for MS/MS).
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Figure 6: Glycopeptide Identification Workflow in SimGlycan® Enterprise Edition. A) A specific database is created containing the known
glycoforms for IgGs. B) MIDAS™ workflow files are then submitted for batch searching. C) Search results are then returned and all matched glycoforms
are shown in green. Selecting a result will show the glycan structure. D) Each full scan MS/MS can be annotated using the search results and the
known glycopeptide structure. E) A report is then generated using the report creation window.

Semi-Automated Identification of
Glycopeptides using SimGlycan®
SimGlycan® predicts the structural information of many glycans
and glycopeptides and stores the information in its large
relational database, containing 22,456 glycans, 22814
glycoproteins, 11,438 glycans with known biological sources,
11,918 glycans with known classes. When performing targeted
detection experiments as described here, the known peptide
sequences can be used as input in SimGlycan®. Data generated
from all SCIEX instruments can be processed using version 5.4,
including the new support for the MIDAS™ Workflow.
Both the MIDAS Workflow data using MRMs to m/z 204 and the
Group triggered MIDAS data targeted the additional structural
ions were submitted for search. Using the high throughput
functionality for glycopeptides, each LC-MS run was analyzed in

batch mode. Results from the searches are summarized in Table
2 and 3, including the SimGlycan® proximity scores to highlight
successfully confirmed MS/MS spectra.
For each MS/MS scan, SimGlycan® creates an initial list of
candidate glycopeptides based on precursor m/z (and retention
times were possible). The program compares the in silico
fragment ions of the candidates against the observed MS/MS
spectra. Mostly higher scores (proximity score >70) are assigned
to candidate glycopeptides with the carbohydrate fragments
matched to high intensity peaks in the MS/MS data. In addition,
the retention time of the SimGlycan search result matched the
precursor ion which was also used for group triggered MRM
transitions.
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Table 2: Summary of Glycopeptides Found on EEQYNSTYR Peptide for Trastuzumab and SiluMab. A glycopeptide was considered detected
when both the MRM area of the m/z 204 peak was ~200 cps or greater, multiple MRMs per glycopeptide were overlaid, and when the SimGlycan score
on the triggered MS/MS spectrum exceeded 70.
Trastuzumab 6 pmol
Symbolic glycan
structure

SiluMab 6pmol

Glycopeptide
& glycan name

SimGlycan
MS/MS Score

RT (min)

MRM Area
of 204 (cps)

SimGlycan
MS/MS Score

RT (min)

MRM Area of
204 (cps)

EEQYNSTYR_Man-7

-

-

-

63.65#

14.46

3150

EEQYNSTYR_Man-9

-

-

256

73.56

18.93

3814

EEQYNSTYR_G2-F

73.80

4.5

14877

71.92

5.63

38668

EEQYNSTYR_A1-G1-F

-

4.59

15412

72.65

4.51

9692

EEQYNSTYR_GO_F

73.02

4.60

58687

72.52

5.7

743131

EEQYNSTYR_A1-GO-F

76.09

4.63

113938

68.57#

4.54

18426

EEQYNSTYR_A1-G1

-

4.82

3002

-

4.55

23346

EEQYNSTYR_G1-F

72.65

5.12

343124

72.72

5.62

25609

EEQYNSTYR_G1

73.55

5.51

656

-

-

-

EEQYNSTYR_G1B-F

74.36

7.01

362

-

-

-

EEQYNSTYR_G1B

77.59

7.02

88578

78.71

14.63*

1125

EEQYNSTYR_GOB

77.47

10.57

2190

71.42

10.57

1011

EEQYNSTYR_A2

72.76

12.17

564

-

-

433

EEQYNSTYR_A1-GO

72.25

12.19

12795

-

10.52

23346

EEQYNSTYR_A2B-G2

36.42#

12.23

1098

-

-

-

EEQYNSTYR_GO

74.23

12.28

164989

74.96

4.64*

242

EEQYNSTYR_Man-6

76.98

12.30

3757

73.08

14.42

2521

EEQYNSTYR_Man-5

76.04

12.57

5562

74.52

13.6

1497

EEQYNSTYR_G2

-

14.16

2182

71.43

18.60*

645

EEQYNSTYR_G2B

75.09

14.8

7192

-

-

-

EEQYNSTYR_A1

-

15.85

1229

75.27

28.54

980

EEQYNSTYR_A1FB

65.90#

15.86

2176

-

-

1358

EEQYNSTYR_GOB-F

55.78#

15.88

22379

73.33

15.8

25609

EEQYNSTYR_A1F

-

15.89

573

-

-

340

EEQYNSTYR_A2F

75.04

15.90

705

-

-

996

EEQYNSTYR_A2FB

-

15.92

550

-

-

-

EEQYNSTYR_G2B-F

72.71

22.8

211

71.03

9.41*

282
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# * - See Table 2 for explanation.

Table 3: Summary of Glycopeptides Found on TKPREEQYNSTYR Peptide for Trastuzumab and SiluMab. A glycopeptide was considered
detected when both the MRM area of the m/z 204 peak was ~200 cps or greater, multiple MRMs per glycopeptide were overlaid, and when the
SimGlycan score on the triggered MS/MS spectrum exceeded 70.
Trastuzumab 6 pmol
Symbolic glycan
structure

SiluMab 6pmol

Glycopeptide
& glycan name

SimGlycan
MS/MS Score

RT (min)

MRM Area
of 204 (cps)

SimGlycan
MS/MS Score

RT (min)

MRM Area of
204 (cps)

TKPREEQYNSTYR_GO-F

65.62#

4.73

4750

-

4.6

1774

TKPREEQYNSTYR_G1S1

76.93

12.99

1405

-

-

-

TKPREEQYNSTYR_Man-8

-

13.34

3018

-

12.17

2148

TKPREEQYNSTYR_G2-F

76.91

13.35

2053

-

13.32

836

TKPREEQYNSTYR_Man-5

76.47

13.35

2027

-

12.12

1034

TKPREEQYNSTYR_Man-6

74.52

13.35

1307

-

12.4

303

TKPREEQYNSTYR_Man-7

76.55

13.35

3626

-

12.43

308

TKPREEQYNSTYR_G2

76.86

13.7

1540

-

13.7

199

TKPREEQYNSTYR_A1

76.90

15.8

802

-

16.91

895

TKPREEQYNSTYR_A2FB

-

16.9

1126

-

17.95

1373

TKPREEQYNSTYR_A3

74.18

19.46

1366

-

-

-

TKPREEQYNSTYR_Man-9

74.29

25

3110

-

24.4

414

* Retention times marked with an asterisk in Table 2 and 3 are derived from a different file, the unscheduled MIDAS workflow file for the 204 m/z fragment. In these cases, the
identity was confirmed by SimGlycan search results and the observation that multiple charge state MRMs overlapped.
# For SimGlycan scores below 70, the full scan MS/MS was manually evaluated and included if significant marker ions confirming structure were present.

Quantitative Profiling of Therapeutic
Antibodies
Starting with efficient sample preparation using single tryptic
digestion protocol followed by a single LC separation step, we
were able to identify and quantify total 23 glycopeptide isoforms
for Trastuzumab and 14 for SiluMab (Table 2 and 3). Only
glycopeptide isoforms who showed multiple MRM transitions as
well as significant SimGlycan scores on the MS/MS were
considered confidently identified.
For Trastuzumab, MRM signal was detected for 23 different
glycopeptides on peptide 1, however only 17 of these were
further confirmed by MS/MS. When monitoring peptide 2, MRM
signal confirmed 11 glycoforms, and 10 of these were further
confirmed by MS/MS, providing a total coverage of 23 unique
glycopeptide isoforms.

Figure 7. High Abundance Variation of the Glycopeptide isoforms
on Trastuzumab. MRM peak areas for m/z 204 for each of the
glycopeptide 1 isoforms are compared. Inset shows the isoforms that
make up the lowest 1.5% of glycopeptide MRM signal.
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Comparing these data to an untargeted CESI glycan profiling
approach of the same mAb (Trastuzumab)2, 3, 13 glycoforms
were found in common between these two strategies, confirming
this approach. However additional high mannose type isoforms
and bisecting glycan isoforms were found with this targeted
method.

The Group MIDAS™ workflow has been well optimized; however
there is an opportunity to further optimize the LC separation. The
three major co-eluting LC regions on the RP C18 column could
be better separated and therefore more MRM and MS/MS
spectra could be collected to look for lower abundant
glycopeptide isoforms.

To test the robustness of the strategy, an additional IgG1 isotype
was analyzed. For SiluMab, 16 glycoforms on peptide 1 were
confirmed by MRM and MS/MS. Interestingly; no glycoforms on
peptide 2 were confirmed by MS/MS with a high enough MS/MS
score, probably because of the much lower abundance of this
peptide form.

Future work will test the approach with a broader range of
separation techniques (e.g. column types or in combination with
CESI-MS). Further investigation of possible in-source
fragmentation of the fucose will be enabled with improved
separation workflows. Combining the optimized separation with
this Group MIDAS™ workflow will provide a powerful strategy for
the confirmation and quantitation of glycopeptides.

Conclusions
In this application note, the feasibility of the Group triggered
MIDAS™ workflow was demonstrated for the characterization
and profiling of glycopeptides derived from therapeutically
relevant antibodies (Trastuzumab and SiluMab) using the
QTRAP® 6500 System.
The resulting specific MRM data for sugar marker ions (HexNAc,
HexHexNac, Fucose, Hexose and Sialic acid) as well as
differentiating core and bisecting glycopeptide ions on the
digested IgG sample provided more specificity because of
multiple co-eluting transitions. In addition, MRM triggered MS/MS
further confirmed the identity of glycopeptide structures.
SimGlycan Enterprise edition help to confirm these MS/MS
glycopeptides and also confirmed the retention time of the
correct precursor ion found in the MRM survey scans. The wide
abundance variation in the detected glycopeptides highlights the
benefit of using targeted detection on a high sensitivity QTRAP
system.

References
1.

Novel LC/MS/MS Workflows for Quantitative Analysis of
Glycoform Distribution in Human Immunoglobulin Proteins,
Christof Lenz and Jenny Albanese (2008), Technical Note,
SCIEX.

2.

Rapid Characterization of Biologics using a CESI 8000 –
SCIEX TripleTOF® 5600+ System, Mark Lies, Clarence
Lew, Jose-Luis Gallegos-Perez, Bryan Fonslow, Rajeswari
Lakshmanan and Andras Guttman, Technical Note
10440114-01, SCIEX Separations.

3.

Rapid Level 3 Characterization of Biologics using a CESI
8000, Bryan Fonslow and Andras Guttman, Technical Note
10400614-01, SCIEX Separations

AB Sciex is doing business as SCIEX.
© 2017 AB Sciex. For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners.
AB SCIEX™ is being used under license.
Document number: RUO-MKT-02-2590-A

p8

