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Summary 
 
This thesis describes investigations on glycosidases and glycosphingolipids (GSLs) using newly 
developed research tools and techniques: activity-based probes (ABPs) and lipidomics. 

Section A deals with novel ABPs: cyclophellitol-based structures that bind covalently with 
high affinity and specificity to the catalytic nucleophile residue in the pocket of active retaining β-
glycosidases. The covalent binding of these ABPs relies on the double-displacement mechanism of 
catalysis used by retaining glycosidases. Investigations in this section focus on the use of ABPs 
tagged with a reporter group to study lysosomal glycosidases in vitro, in situ and in vivo. These 
enzymes are responsible for the sequential degradation of GSLs taking place within lysosomes. 
Deficiency in one of these glycosidases constitutes the molecular basis of glycosphingolipidoses, the 
most common subset of lysosomal storage disorders (LSDs).  

Chapter 1 reports applications for a novel fluorescent β-galactopyranosyl-configured 
cyclophellitol-epoxide. This probe specifically labels lysosomal β-galactosylceramidase (GALC), the 
enzyme deficient in Krabbe disease (KD). The potential value of the ABP in laboratory diagnosis of 
KD is described. Imaging of active GALC in mouse brain upon intracerebroventricular infusion of 
this ABP is demonstrated. 

Chapter 2 describes the synthesis and application of another type of ABPs for retaining β-
glucosidases. These so-called cyclophellitol-aziridines are equipped with a fluorophore or biotin at the 
aziridine-nitrogen. The position of the reporter group in these ABPs mimics better the position of the 
aglycon of natural substrates. As a consequence, the cyclophellitol-aziridine ABPs are in-class broad-
spectrum retaining β-glycosidase probes. It is shown that β-glucopyranosyl-configured cyclophellitol-
aziridine ABPs allow labelling of various closely related mammalian β-glucosidases – GBA, GBA2, 
GBA3 and lactase-phlorizin hydrolase (LPH). 

Chapter 3 describes studies on the differential specificity of various classes of ABPs. It is 
shown how sequential exposure to β-glucopyranosyl-configured cyclophellitol-epoxide and 
cyclophellitol-aziridine ABPs can be exploited to differentially label β-glucosidases GBA and GBA2 
in the brain of living rats. Active GBA, detected with ABP labelling, is most prominent in the brain 
areas related to motor control, like the basal ganglia and motor related structures in the brainstem, 
whereas labeling of GBA2 is highest in the cerebellar cortex.  

Chapter 4 describes the simultaneous labeling of multiple glycosidases employing a 
combination of ABPs with different specificities and fluorophores. In this manner various retaining β-
glucosidases and β-galactosidases – GBA, GBA2, GALC, GLB1 (lysosomal acid β-galactosidase) – 
can be in parallel differentially visualized on SDS-PAGE.  

Chapter 5 reports the development and use of β-galactopyranosyl-configured cyclophellitol-
aziridine ABPs. These ABPs target in-class human β-galactosidases. Their reactivity with GALC, 
GLB1 and LPH is described. 

 
Section B deals with laboratory investigations on glycosphingolipidoses, the inherited 

lysosomal disorders characterized by lysosomal GSL storage. Most glycosphingolipidoses stem from 
an inherited deficiency in a lysosomal glycosidase. Prominent examples of this are Gaucher disease 
(GD), caused by deficiency of the β-glucosidase GBA, and Fabry disease (FD), caused by deficiency 
of α-galactosidase A (GLA). Lysosomal GSL accumulation may also stem from deficiency of an 
accessory protein like saposin or GM2 activator protein. A particular condition in this respect is 
Niemann-Pick type C (NPC) disease in which prominent lysosomal GSL accumulation does not result 
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from a primary defect in their catabolism. NPC is caused by defective export of cholesterol from 
lysosomes, resulting in a more general dysfunction of the cellular organelle. 

Laboratory diagnosis of glycosphingolipidoses receives considerable interest, particularly since 
novel therapies became available for these diseases. Special attention is paid to the identification of 
(bio)markers reflecting disease onset and progression. Primary and secondary accumulating 
metabolites in glycosphingolipidoses as well as proteins specifically secreted by storage cells are 
attractive candidate biomarkers to monitor disease. Chapter 6 introduces the glycosphingolipidoses 
by reviewing the clinical and biochemical similarities and differences between GD and FD. Emphasis 
is given to the biomarkers for the two glycosphingolipidoses, ranging from metabolites to proteins. 

Chapter 7 describes a potential new protein marker for NPC disease. Glycoprotein 
nonmetastatic melanoma protein B (Gpnmb) is shown to be increased in plasma of NPC patients. In 
NPC mice, pathological macrophages in the viscera secrete Gpnmb into the circulation, causing 
increased plasma levels. Induction of impaired cholesterol export in cultured cells with the drug 
U18666A triggers Gpnmb expression, recapitulating the phenomenon seen in NPC mice and patients.  

 
Section C concerns the chemical physiology of glycosphingolipidoses. The presented 

investigations focus on various adaptations in metabolism occurring in response to a defect in 
lysosomal breakdown of GSLs. As an introduction, Chapter 8 reviews the occurrence of metabolic 
adaptations induced by lysosomal GSL storage. Three adaptive mechanisms are highlighted: 
intralysosomal deacylation of GSL in glycosphingolipidoses, extra-lysosomal degradation of 
glucosylceramide (GlcCer) and transfer of glucose from GlcCer to cholesterol. 

Chapter 9 presents the experimental evidence for the crucial role of lysosomal acid ceramidase 
in the conversion of globotriaosylceramide (Gb3) to globotriaosylsphingosine (lyso-Gb3) in FD and 
that of GlcCer to glucosylsphingosine (GlcSph) in GD. Intralysosomal deacylation of accumulating 
GSLs to corresponding glycosphingoid bases (lyso-GSLs) proves to be a common adaptive response 
in glycosphingolipidoses. The pathophysiological consequences of this pathway are still unclear. 

Chapter 10 illustrates how formation of lyso-GSLs in glycosphingolipidoses can be exploited 
for disease monitoring purposes. It is reported that efficacy of gene therapy in a mouse model of type 
1 GD can be sensitively assessed by measuring corrections in GlcSph levels, coinciding with 
reduction of visceral storage cells and improved hematology. 

Chapter 11 deals with studies on the specificity of lyso-GSL abnormalities during defects in 
lysosomal GSL catabolism in mice. Using LC-MS/MS with 13C-labelled isotopes as internal 
standards, the occurrence of abnormal (lyso-)GSLs in plasma and tissues of various mouse LSD 
models was assessed, revealing prominent increases in specific lyso-GSLs corresponding to the 
accumulating GSL. The two NPC mouse models studied presented marked elevations in several 
neutral GSLs and GlcSph. The latter observation was recapitulated in NPC patients. 

Chapter 12 addresses a second adaptive mechanism: the cytosolic catabolism of GlcCer by 
non-lysosomal β-glucosidase GBA2. It is shown that GBA2 activity is increased in the brain of NPC 
mice suffering from a secondary deficiency in GBA. Genetic and pharmacological ablation of GBA2 
activity results in prolonged lifespan and delay of neurological symptoms in a NPC mouse model. In 
parallel, a rescue of the Purkinje cells, cerebellar neurons rich in GBA2, is observed when GBA2 is 
either genetically or pharmacologically reduced in NPC mice. At least regarding the neuropathology 
of NPC mice, excessive cytosolic GBA2 activity seems harmful and a potential target for therapeutic 
intervention. 

Chapter 13 explores the ability of β-glucosidases to transglucosylate cholesterol. The 
formation of 1-O-cholesteryl-β-D-glucopyranoside (GlcChol) by transfer of the glucose moiety from 
GlcCer to cholesterol is demonstrated to be catalyzed in vitro by GBA and GBA2. Next, the natural 
occurrence of GlcChol in mouse tissues and human plasma is demonstrated using a sensitive LC-
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MS/MS method for quantification. Studies with animals and cultured cells indicate that under normal 
conditions GlcChol is primarily formed by GBA2 and degraded by GBA. The occurrence of 
reversible transglucosylation of GlcCer to GlcChol is dependent on local availability of metabolites to 
glucosidases. At extreme circumstances, for example in the cholesterol-filled NPC lysosomes, even 
GBA can actively form GlcChol. 

Chapter 14 closes the experimental part of the thesis with a review on NPC disease. In this 
disorder a primary deficiency in cholesterol homeostasis occurs in addition to a secondary deficiency 
in GBA, inducing all three adaptive mechanisms in GlcCer metabolism. All this leads to a plethora of 
metabolite abnormalities for which the pathophysiological consequences are poorly understood and 
offer a challenge for future research. 
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