
Overview 
Purpose: Develop a high throughput method to characterize and quantify the glycopeptide distribution patterns 
from different samples by using precursor ion scan, data dependent full MS/MS scan and H-SRM assay on a 
triple quadrupole mass spectrometer.

Methods: A recombinant glycoprotein from two different manufacturing processes was reduced, alkylated and 
enzamatically digested, respectively. The digest was then analyzed on a triple quadrupole  mass spectrometer 
(Thermo Scientific TSQ Vantage) equipped with a nanoLC pump (nanoLC 1D plus, Eksigent) and a dynamic 
nanospray source (Thermo Scientific). The instrument was operated in the precursor ion scan mode (m/z 500-
1500) first for detecting all possible glycosylated precursor ions by using the diagnostic sugar oxonium ions of 
m/z 204, 274, 292, and 366. Then a full data dependant MS/MS scan was used to trigger all detected possible 
glycoprecursor ions for confirming the identity of glycopeptides. For the identified glycoprecursor ions, the 
H-SRM method was further employed to quantitate these glycoprecursor ions by monitoring m/z 204, 274, 292, 
366, and specific fragmented glycan ions from each particular peptide. Each sample was analyzed in triplicate 
using the same H-SRM assay to asses the reproducibility and %CV.

Results: The mixture of glycopeptides and nonglycosylated peptides of a recombinant glycoprotein from two 
different manufacturing processes (TRCM-I & TRCM-G) were analyzed.  Without performing any enrichment for 
the glycopeptides, the mixture was analyzed directly and more than 30 major glycopeptides were identified and 
quantitated using above method. Over 60% glycopeptides gave RSD below 10% with the total RSD below 20%.  
Two major peptide glycosylation patterns were observed at two different chromatographic retention times, which 
represented glycosylated variants in two different peptides.  The subtle difference of glycosylation, e.g. the 
sialyated and fucosylated glycopeptides, between these two manufacturing processes was revealed.

Introduction 
The qualitative and quantitative characterization of glycopeptides remains one of the major challenges for mass 
spectrometry due to the carbohydrate’s complex heterogeneity. Although the precursor ion scanning of the 
diagnostic sugar oxonium ions are capable to detect all glycopeptides, the resulted spectra are very complex 
with poor quantitative information (1,2). In this study, we present  a novel strategy to use combination of 
precursor ion scan and data dependant full MS/MS scan for detecting all possible glycopeptides first, then use 
high resolution selective reaction monitoring (H-SRM) assay for high throughput quantitation of detected 
glycopeptides on a triple quadrupole mass spectrometer. With this novel approach, the protein glycosylation 
patterns of a recombinant protein from two different manufacturing processes were established and compared. 
The subtle difference of glycosylation between the two processes was revealed.

Methods
Sample Preparation: Glycoprotein solution (1 mg/mL) was reduced with 5 mM dithiothreitol (DTT) and alkylated 
with 20 mM of iodoacetamide (IAA). The reduced and alkylated protein was digested by trypsin (1:100 w/w) at 
room temperature for 8 hr and then added a second time (1:100 w/w) for 12 hr again at room temperature.

Nano – HPLC

Pump: nanoLC 1D plus, Eksigent
Column: C18 column (75 μm x100 mm, New Objective); flow rate: 400 nL/min; Injection amount: 1 µL
Buffer A: 0.1% FA; Buffer B: 0.1% FA/100% AcN; Gradient: 2% B to 40% B in 40 min.

Conclusions
A high throughput quantitative method for characterizing and quantifying glycopeptide distribution patterns of a 
recombinant glycoprotein from two different manufacturing processes was developed on the TSQ Vantage 
triple quadrupole mass spectrometer. 

The combination of precursor ion scan and data dependent MS/MS scan was essential for detecting all 
possible glycopeptide precursor ions.

The H-SRM assay provided precise quantitative result for each detected glycopeptide. The analytical precision 
was excellent and below 18%.

This new approach should be useful for rapid QC of glycoprotein samples from different manufacturing 
processes.
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MS

TSQ VantageTM triple quadrupole equipped with a nanospray source
Capillary Temperature: 200 °C; Spray voltage: 2000 V

Precursor ion scans (fragment ions of m/z 204, 292 & 366)

Mass range, m/z 500 -1500, scan time, 1.00 s
Q1 – 0.7 FWHM Da; Q3 – 0.7 FWHM Da; Q2 – 1.5 mTorr; CE – 24 V 

Data dependent MS/MS:

Scan event 1: Full MS (m/z 950 – 1400)
Scan event 2: DD precursor mass from scan event 1; signal threshold 50000 counts; 
Q1 – 0.7 FWHM Da; Q3 – 0.7 FWHM Da; Q2 – 1.5 mTorr;     
CE, 0.034 x precursor mass m/z; scan time,1.0 s; Dynamic exclusion, repeat 2, 
Exclusion time, 2 min.

H-SRM 

Q1 – 0.4 FWHM Da; Q3 – 0.7 FWHM Da; Q2 – 1.5 mTorr;
Time-based SRM (duty cycle time: 2.0 s); CE – 0.034 x precursor mass m/z

Results
Detecting all possible glycopeptides by using precursor ion and data dependent MS/MS scan

In order to detect all possible glycosylated precursor ions from the sample, a precursor ion scan mode (m/z 500-
1500) to monitoring diagnostic sugar oxonium ions of m/z 204, 274, 292, and 366 was used. Figure 1 shows the 
averaged precursor ion spectrum of monitoring m/z 204. Except for abundant precursor ions of m/z 967.62, 
1063.92 & 1160.79, many trace precursor ions, such as m/z 971.68, 1107.84,1139.28 and 1379.98 were 
detected. All these detected precursor ions were output into the inclusion list of a data dependent MS/MS scan 
mode for characterizing possible glycopeptides. Figure 2 shows the extracted ion chromatograms of fragment 
ions of m/z 204, 274, 292 and 366. Two glycopeptide groups were identified clearly around retention time of 
9.3 min and 21.8 min. The averaged full MS spectrum of each group was shown in the insert (a) and insert (b), 
respectively. The charge state of each precursor ion was further confirmed by using a high-resolution Thermo 
Scientific LTQ Orbitrap hybrid mass spectrometer with separate experiments (data not published). As shown from 
the Figure 2, although high-resolution and accurate-mass measurements are not necessary for quantitation, it is 
very useful for structure determination (results published separately).

The Group1 is more abundant and has more glycosylated variants compared to Group 2. Each variant’s MS/MS 
spectrum from the same glycopeptide group gave specific fragment ions except for glycan ions of m/z 204, 274, 
292 and 366 (Figure 3), showing that these glycosylated variants are related each other. 

FIGURE 3. Average MS spectrum of glycopeptide group 1 and representative MS/MS spectra acquired 
using data-dependent MS/MS  on the TSQ Vantage  

Quantitative results using H-SRM assay

Forty glycopeptides were detected using a combination of precursor ion scan and data dependent MS/MS scan 
and targeted for quantitation using H-SRM assay. The glycan ions and specific fragment ions from each 
glycopeptide were used for the SRM assay design as shown in Figure 3. 

Both samples from TRCM-I and TRCM-G were run in triplicate by using the same H-SRM assay. Table 1 
summarize the analytical results. Over 60% glycopeptides gave %CV below 10% with the total % CV below 20%. 
The normalized glycopeptide distribution patterns for the two samples were shown in figure 3 and figure 4, 
respectively.  Although both samples show similar patterns, the subtle differences of the glycopeptide distribution 
patterns between the two samples were identified for both groups, revealing that they do not have exactly the 
same glycosylation. This information will help to improve the manufacture processes.

Table 1. The quantitative results of the glycoprotein from the two manufacture processes

FIGURE 1. Precursor ion scan spectrum associated with fragment ion m/z 204
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FIGURE 4. Glycopeptide distribution patterns of the Group 1 for the glycoprotein from two different 
manufacturing processes (differences indicated by grey arrows)
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FIGURE 5. Glycopeptide distribution patterns for Group 2 of the glycoprotein from two different 
manufacturing processes (differences indicated by grey arrows)
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FIGURE 2. Selected fragment ion chromatograms from the data dependent MS/MS run.  Insert (a) & 
(b): Averaged MS spectra of glycopeptide Group 1 & 2. High-resolution precursor charge state 
envelope insert for each glycopeptide group was acquired on an LTQ Orbitrap instrument.
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