
HIGH SENSITIVITY ANALYTICAL PLATFORMS FOR THE CHARACTERIZATION OF PROTEINS AND 

GLYCOPROTEINS BY HIGH PERFORMANCE SEPARATION TECHNIQUES COUPLED TO MASS 

SPECTROMETRY.

Laura Pont*, Fernando Benavente, Estela Giménez, Roger Pero-Gascon, Montserrat Mancera-Arteu, José Barbosa, Victoria Sanz-Nebot

Introduction Experimental

Results

Department of Chemical Engineering and Analytical Chemistry, Institute for Nutrition and Food Safety (INSA·UB), University 

of Barcelona (UB), Barcelona, Spain

*laura.pont@ub.edu, Tel: +34 934039123

During the last years, there is a growing interest in the application of proteomics and

glycoproteomics for research of new clinical biomarkers. A significant part of these studies

is focused on the development of novel high sensitivity analytical platforms for the

purification, preconcentration, separation, identification and characterization of intact

proteins and glycoproteins, peptides, glycopeptides and glycans in biological samples to

improve prevention, diagnosis, prognosis, follow-up and therapeutic treatment of different

diseases.

Electrospray ionization mass spectrometry (MS) coupled to high performance separation

techniques, such as nano or capillary liquid chromatography and capillary electrophoresis

(nanoLC-MS, CapLC-MS and CE-MS) are nowadays widely accepted by the scientific

community in proteomics research, because of the unbeatable advantages for the

separation and characterization of the analytes of interest from small amounts of complex

biological samples, using top-down, middle-down and bottom-up strategies [1,2].

However, there are still many analytical challenges related to the structural

microheterogeneity of proteins and glycoproteins, the wide dynamic range of protein

concentrations, the sample matrix complexity and the detection sensitivity. In particular,

these three last issues are closely related with selection of an appropriate sample

pretreatment.

Over the last years, considerable efforts have been made to develop selective and sensitive

sample pretreatment methods for the rapid, simple, reproducible and high-throughput

purification and preconcentration of protein and glycoprotein biomarkers. Here we will

present an overview of different innovative methods that we have developed to be applied

off-line or on-line before CE-MS and CapLC-MS, for the analysis of intact proteins and

glycoproteins, peptides, glycopeptides and glycans in biological samples [3,4].
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· L-L extraction

· Centrifugal filtration

· Immunoprecipitation (IP)

· Off-line or on-line SPE

CapLC- or CE-MS

and MS/MS

1

2

3

9 10 11 12 13

t (min)

In
te

n
si

ty
 (

x
1

0
4
) 

0.5

1.0

1.5

800 1500 m/z

Multi-charged 

ion cluster

In
te

n
si

ty
 (

x
1

0
3
) 

EIC/EIE

MSIntact 

protein 

Top-down

Bottom-up Enzymatic 

digestion

Enzymatic 

digestion

Purification and

enrichment

Purification and

enrichment

Purification and

enrichment

Proteomics and glycoproteomics strategies

Protein

Glycoprotein

Conclusions

Analysis of intact human transthyretin (TTR)

Beads 

+ 

Antibody

Serum

Elution

Denaturing 

elution

Ultrafiltration

Antibody

Beaded 

support

Magnetic beads

Antibody TTR monomer

1. Immunoprecipitation (IP) 2. Analysis by CE-MS and CapLC-MS

Deconvoluted Mr

13700 13900 14100

TTR deconvoluted MS

t (min)

0.8

1.6

2 6 10 14 18

I
(x

1
0

7
)

Antibody TTR

t (min)
6 12 18 24 30

TTR

Antibody

CE-MS. TIE CapLC-MS. TIC

Immune complex

Beaded 

support

TTR tetramer

0.8

1.6

I
(x

1
0

7
)

0.8

1.6

I
(x

1
0

5
)

Application to familial amyloidotic 

polineuropathy type I (FAP-I) 

Clean-up

Denaturing elution (~50 nL)

On-line solid-phase extraction capillary electrophoresis

(SPE-CE)

- Conventional chromatographic sorbents: reversed-phase, polymeric, etc.

- Immunoaffinity sorbents: intact antibodies, Fab’ antibody fragments, etc.
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excellent performance for the 

diagnosis of FAP-I

The off-line IP allows the 

selective purification of normal 

and mutant TTR proteoforms
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Glycan analysis of human α-1-acid glycoprotein (hAGP)
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LODs with Fab’-IA-SPE-CE-MS 

are ~50-fold lower than by 

CE-MS

Glycopeptide analysis of recombinant human erythropoietin (rhEPO)
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• We develop novel high sensitivity analytical platforms for the analysis of intact proteins, glycopeptides and glycans

in biological samples.

• Off-line and on-line sample pretreatments before CE-MS, CapLC-MS and nanoLC-MS are necessary for the simple,

reproducible and high-throughput purification and preconcentration of protein and glycoprotein biomarkers.

• Combination of intact protein analysis and the rest of strategies is necessary for the accurate and comprehensive

protein and glycoprotein characterization.
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