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Abstract
Glycosylation is a post-translational modification (PTM) that exerts profound structural and functional effects on the
modified protein. Glycan synthesis and conjugation to proteins are regulated by a myriad of factors, both genetic and
environmental, and are also influenced by external stressors. Glycosylation patterns are known to vary in correlation to
a large number of diseases; therefore, it is possible to study such alterations to identify reliable biomarkers and help
elucidate mechanisms underlying the disease. For these reasons, the development of analytical methods able to investigate
the glycosylation of proteins in complex samples and to measure and characterize disease-related alterations is of great
importance.

In this thesis, the development and application of rapid and small-scale methods for the analysis of the glycosylation
pattern on specific proteins in biological fluids, with a high degree of automation and potential for parallel sample treatment,
is presented.

Paper I illustrates a profiling method based on a microfluidic compact disc (CD) and its application to humans serum
samples. The workflow integrated all the sample preparation steps, allowing a high degree of automation and sample
treatment parallelization, significantly reducing the required processing time. In Paper II, a bead-based procedure for the
immunoaffinity extraction of selected proteins from complex biological matrices was developed. This procedure improved
and extended the applicability of the microfluidic CD method, increasing the flexibility and maintaining a good potential
for automation. Paper III included a derivatization procedure in the bead-based methodology, to stabilize sialic acids
for matrix-assisted lased desorption/ionization (MALDI) and to discriminate between connectivity isomers. Additionally,
the method was applied to different biological fluids in order to highlight interpersonal variations of glycosylation. To
increase the sample throughput, the method was scaled to a multi-wells format in Paper IV and subsequently applied to
the investigation of alterations in the glycosylation pattern correlated to Alzheimer’s disease.

Papers V and VI focus on applications based on electrospray ionization (ESI). In Paper V, a source for paper spray
ionization (PSI) was modified to create a new set-up to extend the applicability of this mass spectrometry (MS) technique to
large biomolecules. It was possible to measure intact proteins, identifying many glycoforms together with other PTMs, as
well as to characterize released glycans, performing structural analysis by tandem mass spectrometry (MS/MS). In Paper
VI ESI-MS and the bead-based sample preparation method developed in Papers II, III, and IV were used for quantification
of various glycoforms of intact proteins. Additionally, a travelling wave ion mobility spectrometry (TWIMS) MS/MS
method was developed to structurally characterize the related N-glycans after enzymatic release.

The methods proposed in this thesis show valid approaches, which could be applied to investigate alterations of
glycosylation at different levels, with potential implementation for biomarker investigation and development.
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