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Cox TM, Scheij S, Verhoek M, Ottenhoff R, van Roomen CP, Pannu NS, van Eijk M, 
Dekker N, Boot RG, Overkleeft HS, Blommaart E, Hirabayashi Y, Aerts JM. 
Glucosylated cholesterol in mammalian cells and tissues: formation and 
degradation by multiple cellular β-glucosidases. J Lipid Res. 2016 Mar;57(3):451-
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The membrane lipid glucosylceramide (GlcCer) is continuously formed and 
degraded. Cells express two GlcCer-degrading β-glucosidases, GBA and GBA2, 
located in and outside the lysosome, respectively. Here we demonstrate that 
through transglucosylation both GBA and GBA2 are able to catalyze in vitro 
the transfer of glucosyl-moieties from GlcCer to cholesterol, and vice versa. 
Furthermore, the natural occurrence of 1-O-cholesteryl-β-D-glucopyranoside 
(GlcChol) in mouse tissues and human plasma is demonstrated using 
LC-MS/MS and 13C6-labelled GlcChol as internal standard. In cells the inhibition 
of GBA increases GlcChol, whereas inhibition of GBA2 decreases glucosylated 
sterol. Similarly, in GBA2-deficient mice GlcChol is reduced. Depletion of GlcCer by 
inhibition of GlcCer synthase decreases GlcChol in cells and likewise in plasma of 
inhibitor-treated Gaucher disease patients. In tissues of mice with Niemann-Pick 
type C, a condition characterized by intralysosomal accumulation of cholesterol, 
marked elevations in GlcChol occur as well. When lysosomal accumulation of 
cholesterol is induced in cultured cells, GlcChol is formed via lysosomal GBA. This 
illustrates that reversible transglucosylation reactions are highly dependent on 
local availability of suitable acceptors. In conclusion, mammalian tissues contain 
GlcChol formed by transglucosylation through β-glucosidases using GlcCer as 
donor. Our findings reveal a novel metabolic function for GlcCer.
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HS, Artola M, Aerts JM. Human glucocerebrosidase mediates formation of 
xylosyl-cholesterol by β-xylosidase and transxylosidase reactions. J Lipid 
Res. 2021;62:100018. Doi: 10.1194/jlr.RA120001043. Epub 2021 Jan 6. PMID: 
33361282; PMCID: PMC7903134.

Deficiency of glucocerebrosidase (GBA), a lysosomal β-glucosidase, causes 
Gaucher disease. The enzyme hydrolyzes β-glucosidic substrates and 
transglucosylates cholesterol to cholesterol-β-glucoside. Here we show that 
recombinant human GBA also cleaves β-xylosides and transxylosylates cholesterol. 
The xylosyl-cholesterol formed acts as acceptor for subsequent formation 
of di-xylosylcholesterol. Common mutant forms of GBA from patients with 
Gaucher disease with reduced β-glucosidase activity were similarly impaired in 
β-xylosidase, transglucosidase and transxylosidase activities, except for a slightly 
reduced xylosidase/glucosidase activity ratio of N370S GBA and a slightly reduced 
transglucosylation/glucosidase activity ratio of D409H GBA. XylChol was found to 
be reduced in spleen from Gaucher disease patients. The origin of newly identified 
XylChol in mouse and human tissues was investigated. Cultured human cells 
exposed to exogenous β-xylosides generated XylChol in a manner dependent on 
active lysosomal GBA but not the cytosol-facing β-glucosidase GBA2. We later 
sought an endogenous β-xyloside acting as donor in transxylosylation reactions, 
identifying xylosylated ceramide (XylCer) in cells and tissues that serve as donor 
in the formation of XylChol. UDPglucosylceramide synthase (GCS) was unable 
to synthesize XylChol but could catalyse formation of XylCer. Thus, food-derived 
β-D-xyloside and XylCer are potential donors for the GBA-mediated formation of 
XylChol in cells. The enzyme GCS produces XylCer at a low rate. Our findings point 
to further catalytic versatility of GBA and prompt a systematic exploration of the 
distribution and role of xylosylated lipids.
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