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CONCLUSIONS LC METHODS 

Instruments ACQUITY UltraPerformance LC™  Binary Pump,  
 Sample Manager, and Column Heater 
  ACQUITY TUV Detector with 500 nL cell 
 
Buffer A1 0.1% Trifluoroacetic acid (TFA) in water 
Buffer A2 0.1% Formic acid (FA) in water 
Buffer B1 0.1% TFA in acetonitrile 
Buffer B2 0.1% FA in acetonitrile 
 
Flow Rate  200 µL/min unless specified 
Gradient 5% B hold 2 min 
  5% B to 50% B in 76 minute unless specified 
Temperature 40 °C 
 
Detector ACQUITY TUV™ absorbance at 214 nm 
  Standard 500 nL cell 
 
Columns ACQUITY UPLC™  BEH130 C18, 1.7 µm,  
  2.1 x 100 mm, Peptide Separation Technology 
 
  BioSuite™ C18 PA-B 3.5 µm, 2.1 x 250 mm   
  2.1 x 250 mm 
 

INTRODUCTION 

     Characterization of glycoproteins entails analysis of the primary 
structure of the protein and analysis of the attached oligosaccharides.  
Reversed-phase peptide mapping has come to be the gold standard for 
assessing the primary protein structure.  Similarly, oligosaccharides are 
routinely characterizing by mapping after release from the protein.  The 
well-accepted, but often cumbersome, glycan mapping techniques in-
cluding high-pH anion exchange chromatography and capillary electro-
phoresis do not address the points of attachment on multiply glycosy-
lated proteins. Peptide maps have the advantage of providing informa-
tion about the site-specific microheterogeneity of the glycans.  The chal-
lenges of carbohydrate characterization include micro heterogeneity 
and the variables of sequence, branching, and anomeric configuration.  
However, when the enzymatic construction of glycans is well under-
stood, the number of possible structures is reduced dramatically allow-
ing chromatography or electrophoresis to define glycan structures.  We 
have tested C18 columns containing sub-2 micron particles for resolu-
tion of glycopeptides with neutral or acidic glycans.  Chromatographic 
conditions were varied to optimize separations.  The most complex gly-
copeptide analyzed contained two N-linked glycans each containing 
sialylated, complex, biantennary and triantennary structures.  The elu-
tion profile produced by time-of-flight mass spectrometry demonstrated 
the separation of numerous of isobaric structures.  Similarly, the elution 
profile of a glycopeptide containing multiple O-linked glycans produced 
a number of chromatographic peaks.   The LCUV and LCMS patterns for 
each glycopeptide were highly reproducible as required for stability-
indicating assays.   
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MS METHODS 

Instrument LCT Premier orthogonal time-of-flight MS 
  V-mode Resolution >5000 
  Electrospray Ionization without split 
  m/z 300—2000 
  Aperture 1 = 15 V 
Fragmentation required increased pressure in the source block 
  Aperture 1 = 50 V  
 

Figure 1.  Comparison of the UV chromatograms of a bovine fetuin tryptic 
digest performed with 0.1% TFA modifier.  Panel A shows the chromatogram 
on an ACQUITY UPLC™ C18 column.  Panel B shows the chromatogram 
from a conventional Symmetry™ 300 C18 column.  The sensitivity is dramati-
cally increased by using the ACQUITY column with 1.7 µm particles.  All 
peptide and glycopeptide peaks are narrowed due to the shorter diffusion 
distance.   
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• Glycopeptides elute in narrow chromatographic peaks on a 
1.7 µm particle-containing column. 

 

• Selectivity for glycoforms is affected by choice of TFA/FA, 
flow rate, and gradient slope. 

 

• Glycoform fingerprinting has been shown to be reproducible 
for UV and MS chromatograms. 

 

• Glycopeptide characterization is greatly enhanced by chro-
matographic resolution 

Figure 2.  A group of bovine fetuin tryptic glycoforms which elute near one another have been shown to 
separate more completely when a lower flow rate, 100 µL/min and longer gradient, 156 minutes, are used 
(Panel B) when compared to the separation at 200 µL/min and 78 minutes (Panel A).  
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Figure 4.  MS spectrum of one bovine fetuin tryptic glycoform observed with 
fragmentation conditions.  The m/z spectrum was deconvoluted using the 
MaxEnt3 algorithm to produce the spectrum shown.  Clearly separation of 
glycoforms allows characterization of individual glycoforms. 
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Figure 3.  In panel A glycoforms were identified by the presence of characteris-
tic fragments, m/z 366 and 657.  Four major glycoforms were separated, and 
there is evidence for isoform separation at 69.76 minutes in the  ACQUITY 
UPLC™ chromatogram.  Running conditions 2.1 x 100mm column run at 100 µ
L/min for 156 min.  Panel B shows a conventional analytical procedure. 
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