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OBJECTIVES 

INTRODUCTION 

EXPERIMENTAL 

CONCLUSIONS 

 
• The objective of this study was to confirm the amino acid 

sequence, and the glycan structures, expressed on a recom-
binant human Erythropoieten (rhEPO) 

• In addition, we wished to identify the degree of heterogene-
ity present within the sample and obtain the relative abun-
dance of the isoforms.  

 
 
 
Glycoproteins are biomolecular macromolecules in which carbohydrates 
are attached covalently to asparagine, serine or threonine residues of 
protein amino acid backbones. Glycosylation and deglycosylation of 
mammalian proteins are pivotal for many biological processes; hence, 
detailed structure elucidation is of major interest. In this study, direct 
analysis by mass spectrometry mass spectrometry in combination with a 
dual enzymatic digestion of the macromolecule, allows characterization 
of the peptide fragments and released glycans [1].  
Combining reverse phase chromatography, allowing separation of the 
peptides and glycans, provides for a more comprehensive characteriza-
tion of rhEPO [2,3].  
In this work we have used both MALDI TOF, with parallel PSD (PSD MX) 
and nanoscale LC-MS/MS, in both positive and negative ion modes, for 
the analysis of rhEPO. 
High mass accuracy was achieved with NanoLockSprayTM and internal 
calibration, where applicable, providing reliable structure identification 
of the rhEPO. 
 
 
 
 MALDI micro MXTM – An axial MALDI-TOF mass spectrometer util-
izing stainless steel target plates with the matrices Alpha-Cyano-4-
hydroxy cinnamic acid (CHCA) and 2,4,6-trihydrdoxyacetophenone 
(THAP) used for peptide mass fingerprinting (PMF) and N-glycan analysis 
respectively. 
 Q-Tof PremierTM – Equipped with NanoLockSpray source and di-
rectly connected to a nanoACQUITY UPLC system for the Peptide DDA 
and PID analysis. Peptide data was corrected with a solution of [Glu1]-
Fibrinopeptide B (GFP).  
 LCT PremierTM - Equipped with LockSprayTM source and directly 
connected to an ACQUITY UPLCTM system for the Peptide mapping ex-
periment, Data was corrected with [Glu1]-Fibrinopeptide B (GFP) solution. 

MALDI PMF 
The peptide mass fingerprint with mass range 500-3500 m/z (Figure 1) 
of the trypsin digested rhEPO was obtained and searched against the 
SwissProt database using ProteinLynxTM Global SERVER. The details of the 
observed peptides results are shown in Table 1. This analysis shows that 
we observe all possible tryptic fragments that lie within the acquired mass 
range. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. MALDI micro MX PMF of Trypsin digested rhEPO, shown inset 
is the PSD spectra of peptide 927.3 m/z with assigned fragments 
 
 
 
 
 
 
 
 
Table 1. Summary of MALDI Micro MX PMF and PSD results 
 
LCMS PMF 
An LCMS run was conducted using 50 fmol rhEPO on the Q-Tof Premier 
and nanoACQUITY UPLC using the novel trapping scheme . A 75 µm 
C18 BEH nanoACQUITY column was used and spectra acquired in the 
range 400-1500 m/z. The LCMS chromatogram is shown in Figure 2. 
Inset is an example mass measured peptide peak showing a mass error 
of 0.34 ppm. This experiment was repeated with the LCT premier and 
ACQUITY UPLC on a 1mm id C18 BEH ACQUITY column at 150 uL/min 
and operating at a pressure of >10,000 psi. with a total load of 1 pmol 
rhEPO. This analysis provided very comparable results (data not shown) 
however additional species were observed due to direct loading onto 
analytical column where two hydrophilic peptides (T2 and T20) were lost 
using the trapping scheme. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. LCMS peptide mapping, Q-Tof Premier. 50 fmol rhEPO on col-
umn with a 20 min 5%-60% acetonitrile gradient. 
 
 
 
 
 
 
 
 
Table 2. Summary of LCMS peptide mapping on Q-Tof Premier 

Lit Code Number 720001343EN 

Peptide MSMS fragmentation 
 
 MALDI PSD 
rhEPO fragmentation data was acquired using the novel multiplexed 
PSD methodology, the results of which is shown in Table 1. An example 
PSD spectra is inset in Figure 1. Six peptides provided high quality frag-
mentation data with a range of mass accuracy’s.  
 
 LC-MSMS Data Directed AnalysisTM  
A DDA run was conducted on the Q-Tof Premier and nanoACQUITY 
UPLC system with a total load of 50 fmol digested rhEPO. Seven of the 
possible 9 peptides (based on m/z range) were identified with vali-
dated MSMS spectra (containing ≥ 3 consecutive b or y" ions) which 
correspond to 93% sequence coverage of the amino acid sequence, 
discounting peptides with a mass below m/z 400.  
Figure 3 shows assigned MSMS spectra for the 733 m/z precursor 
(monoisotopic mass 1464.75 m/z) and the obtained protein coverage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Obtained MSMS spectrum for peptide precursor 733 m/z. 
Shown inset is the coverage map for rhEPO identification 
 
 
 
 
Table 3. Details of peptide MSMS database search leading to rhEPO 
identification  
 
LC-MSMS Parent Ion Discovery 
To confirm attachment position and structure of the O-linked glycans a 
PID experiment was performed utilizing the enhance duty cycle option 
of the Q-TOF Premier focusing the MS survey on the glycan product ion 
366.1 m/z. During the PID experiment 2 MSMS spectra were obtained 
on precursor ions 1061.61 m/z and 1207.04 m/z. These species cor-
respond to the T13 fragment with the O-linked glycan isoforms. Table 4 
outlines the observed fragments in the MSMS spectra based on the theo-
retical structure shown in Figure 4. 
 

 Figure 4. Structure of one 
 isoform of the O-linked gly
 copeptide observed at 
 1061.61 m/z 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. MSMS of glyco-peptide of 1061.61 m/z during EDC PID ex-
periment – inset shows the 6 fold increase in sensitivity for the 366 m/z 
product ion due to Enhanced Duty Cycle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Details of glycol-peptide 1061.61 m/z MSMS during EDC PID 
experiment   
 
N-linked Glycan analysis 
 MALDI TOF  
The purifed N-linked glycans were analysed by MALDI TOF MS in 
negative mode and data was internally corrected. Figure 6 shows the 
MS spectra of the N-glycans and Table 5 shows the observed species 
and mass error. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. MALDI micro MX spectrum of cleaved N-glycans 

RESULTS AND DISCUSSION 

 
 
 
 
 
 
 
 
 
 
 
 
Table 5. Summary of NanoESI and MALDI analysis of cleaved N-glycans 
showing observed species and mass errors 
 
 NanoESI MS 
The same batch of purifed N-linked glycans were analysed by nanoESI 
using the Q-Tof Premier in negative ion mode. The obtained spectrum is 
shown in Figure 7 and the mass assignments shown in Table 5. All theo-
retical glycan species were observed with good mass accuracies (several 
species observed in more than one charge state). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Q-Tof Premier nanoESI spectrum of cleaved N-
glycans 
 
Intact rhEPO analysis 
 Undigested rhEPO was analysed by LC-MS on the Q-TOF Premier 
using a 300µm C4 column. Figure 8 shows the obtained spectra for a 
dilution series ranging from 500 fmol to 10 pmol on column. These com-
plex spectra were deconvoluted by the MaxEnt1 algorithm. From the de-
convoluted spectra the heterogeneity of the rhEPO sample and differ-
ences in global gylcan and phosphate composition can be ascertained 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Spectra obtained during LCMS dilution series of intact EPO, 
500 fmol, 1 pmol, 2.5 pmol, 5 pmol and 10 pmol on column 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. MaxEnt1 deconvoluted spectra corresponding to a total protein 
load of 10 pmol on column 
 
 
 
 
• Results of peptide mapping and MSMS conclusively confirm 

the theoretical amino acid sequence with high mass accu-
racy and coverage. 

• The PID experiment shows the location and composition of 
the O-glycan forms are consistent with those theoretically 
explained.  

• MS analysis of N-glycans confirms the presence of all the 
theoretical N-glycan isoforms. 

• Intact analysis shows a complex sample mix and provides 
relative quatification of the different forms of rhEPO. 

 
We will focus on the full characterization of the N-glycans using nano-
scale MSMS and also further analysis of intact rhEPO by means of nano-
scale LCMS  
 
[1] S. A. Carr, et al, Protein Sci. 2 (1993) 183-196. 
[2] M. Nimtz, et al. Eur. J. Biochem. 213 (1993) 39-56. 
[3] D. Sagi, et al. J. Am. Soc. Mass. Spectrom. 13 (2002) 1138-1148. 

FUTURE WORK 
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