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OVERVIEW 

INTRODUCTION 

METHODS RESULTS 

CONCLUSIONS 

♦ Several affinity methods for glycopeptide enrichment were 
systematically evaluated. 

♦ Evaluation results showed these methods displayed 
different selectivity towards glycopeptide enrichments. 

♦ An optimized method was developed on the basis of the 
evaluation results.  The method was successfully applied to 
the enrichment of  glycopeptides from bovine folate 
binding protein and helped elucidate the previously 
unconfirmed glycosylation sites of the protein.  
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LC Conditions 

nano-LC Instrument:  Waters® nanoACQUITY UPLCTM System 
nano-LC Columns:  

On-line Trapping Column:   
     Waters nanoACQUITY UPLCTM Trap Column, 
     180µm x 20 mm, Symmetry® C18, 5 µm 

Analytical Column: 
     Waters nanoACQUITY UPLCTM Column,   

     75µm x 150mm, Atlantis® dC18, 3 µm  
Mobile Phase A:   Aqueous 0.1% (v/v) Formic acid (FA)  
Mobile Phase B:   Acetonitrile containing 0.1% (v/v) FA 
Gradient:    5-50% mobile phase B over 45 min 
Flow Rate:    250 nL/min  

♦ Mass spectrometers used during the course of the study were a 
LCT, Q-Tof API/US and MALDI-LR (Waters, Milford, MA). 

♦ MALDI-LR was operated in the reflectron mode.  MALDI matrix 
CHCA (Waters, Milford, MA) was prepared in 50% MeCN/50% 
EtOH at the concentration of 10 mg/mL. 

♦ With Q-Tof, data were acquired using an alternating low collision 
energy (10eV) and elevated collision energy function. During the 
course of the elevated energy, the collision energy was stepped 
from 23 to 33 eV.  Data was acquired with Tof analyzer 
operating in the W-mode of operation with a mass resolution of 
>17500 FWHM. 

♦ An integration time of 1.0 seconds was used for each scan. The 
reference, lock mass, channel was sampled every 30 seconds. 

MS Conditions One of the main obstacles in mass spectrometric (MS) analysis of 
glycoproteins come from the  low ionization efficiency of 
glycopeptides and the complicated nature of heterogeneous 
oligosaccharide moiety.  Sample preparations are crucial to the 
success of MS-based analyses of glycosylations. The focus of the 
study is to systematically evaluate several affinity methods that were 
published in literature1-5 for glycopeptide enrichments.  The 
evaluations included the trypsinization of  the test samples, 
glycopeptide enrichments via several affinity sorbents and the 
analysis of the enriched glycopeptides by MALDI MS and LC-MS.  
Because all the methods are subject to the same testing samples and 
identical analytical techniques, a comparison can be made based on 
final MS analysis results.  An optimized enrichment method was 
subsequently developed and applied to the  elucidation of previously 
unconfirmed glycosylation sites on bovine folate binding protein. 

Figure 2. MALDI-Tof mass spectra of ribonuclease B tryptic digest 
with and without sample enrichments. (A) the tryptic digest with no 
sample enrichment; (B) the enriched sample using Sepharose CL-4B; 
(C) the enriched sample with m-Aminophenylboronic acid affinity 
medium; (D) the enriched sample with MassPREP™ HILIC µElution 
plate; (E) the enriched sample with lectin matrices. Two series are 
observed corresponding to the peptide NLTK and the peptide 
SRNLTK.  

Figure 3.  (A) Total ion chromatogram of a LC-ESI-MS analysis of  
tryptic digest of FBP sample.  (B) MALDI-Tof spectrum of lectin-binding 
peptides.  The lectin-binding fraction was recovered from a lectin 
affinity spin column using the procedure described in the 
experimental section. (C) MALDI-Tof spectrum of the deglycosylated 
peptides obtained from the treatment of the lectin-binding peptides 
with PNGase F. 
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EXPERIMENTAL 
• Ribonuclease B and bovine folate binding protein (from Sigma) 

was dissolved in a solution of 50 mM NH4HCO3 with 0.5% 
RapiGest™ at a concentration of 2 mg/mL. After reduction (DTT) 
and alkylation (Iodoacetamide), the proteins were digested using 
trypsin. The tryptic digest of ribonuclease B  was used as the test 
sample for evaluations. 

• Affinity media, Sepharose CL-4B, m-Aminophenylboronic acid 
affinity medium, and agarose-bound lectin (Concanavalin A) 
matrices (all from Sigma), were selected and packed into small 
disposable Costar spin columns (VWR) for the evaluation.  In 
addition, HILIC plate (Waters) was also included in the evaluation. 

• Glycopeptides were eluted off the spin columns either using 50% 
EtOH (for Sepharose), 100 mM sorbitol in 5 mM Tris/HCl (for 
Aminophenylboronic acid) or 0.5M Methyl α-D-glucopyranoside 
(for lectin). The HILIC plate was eluted with 25 mM ammonium 
citrate in 20% ACN. 

REFERENCES 

• Evaluation results showed lectin (Con A), Aminophenylboronic 
acid, Sepharose CL-4B, and HILIC plate displayed different 
selectivity towards glycopeptide enrichments.  

• MALDI MS results revealed that both lectin matrices and 
aminophenylboronic acid selectively retained glycopeptides with 
oligosaccharides ranging in size from GlcNAc2Man5 to 
GlcNAc2Man9. In contrast, only non-glycopeptides were enriched 
on Sepharose CL-4B. 

• The Con A lectin media was successfully applied to the enrichment 
of glycopeptides from bovine folate binding protein and helped 
elucidate the previously unconfirmed glycosylation sites of the 
protein.  

Figure 1.  Glycopeptide Masses and Oligosaccharide Structure 
Found on 60N of Ribonuclease B 

Glycopeptide 
w/ SR60NLTK 1934.84 2096.86 2258.88 2421.00 2583.19 

Glycopeptide 
w/ 60NLTK 1691.70 1853.73 2015.75 2177.83 2340.06 
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Figure 4. LC-ESI tandem mass spectrum of the peptide with a 
[M+2H]2+ precursor ion at m/z 796.38 acquired on a Q-Tof API/US.  
The CID fragment ion spectrum has been assigned to the peptide 
NACCSV49DTSIEAHK from FBP with Asp-49 being generated from a 
asparagine residue during the enzymatic de-glycosylation process.  
The y-ion series are indicated in the spectrum, from which it is 
possible to unambiguously assign the glycosylation site to the 
asparagine residue. 
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