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The catalytic reaction mechanism of the B-galactocerebrosidase
enzyme deficient in Krabbe disease
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Krabbe disease is a neurodegenerative disorder related to misfunction of Saposin A or
B-galactocerebrosidase (GALC), a glycosidase that catalyzes the cleavage of 8-galactosidic bonds in
glycosphingolipids [1]. Here we uncover the catalytic molecular mechanism of GALC in complex with Gal-B-
p-nitrophenyl, a substrate analogue, using quantum mechanics/molecular mechanics (QM/MM)
metadynamics simulations [2]. Our results clarify the unusual chair conformation of the substrate observed in
the crystal structure [3] and show that catalysis can take place via two distinct conformational pathways with
similar free energy barriers because of leaving group flexibility [4][5]. Moreover, we study the complex of the
important agent for GALC activity in vivo, the lipid-transfer protein Saposin A (SapA) with GALC. SapA extracts
the lipid substrate from the cell membrane, forming a soluble saposin-lipid complex that provides the lipid to
GALC. In spite of the relevance of SapA for GALC function, the catalytic reaction mechanism of the GALC-SapA
complex with its natural substrate has not been reported. Our simulations show that SapA not only acts as a
transport agent but also it helps decreasing the hydrolysis energy barrier by stabilizing the reaction transition
state [6]. This mechanistic insight can aid in the design of Krabbe diagnosis probes and GALC conformational
chaperones and expand the knowledge of the importance of saposin domains and their interaction with lipid-
degrading enzymes.
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