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Abstract
Saposin C is one of four homologous proteins derived from sequential cleavage of the saposin
precursor protein, prosaposin. It is an essential activator for glucocerebrosidase, the enzyme
deficient in Gaucher disease. Gaucher disease is a rare autosomal recessive lysosomal storage
disorder caused by mutations in the GBA gene that exhibits vast phenotypic heterogeneity, despite
its designation as a “simple” Mendelian disorder. The observed phenotypic variability has led to a
search for disease modifiers that can alter the Gaucher phenotype. The PSAP gene encoding
saposin C is a prime candidate modifier for Gaucher disease. In humans, saposin C deficiency due
tomutations in PSAP results in a Gaucher-like phenotype, despite normal in vitro
glucocerebrosidase activity. Saposin C deficiency has also been shown to modify phenotype in
one mousemodel of Gaucher disease. The role of saposin C as an activator required for normal
glucocerebrosidase function, and the consequences of saposin C deficiency are described, and are
being explored as potential modifying factors in patients with Gaucher disease.
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1. Introduction
1.1. The saposin proteins in lysosomal storage disorders

The saposins are a set of four small glycoproteins, referred to as saposin (Sap) A-D, that act
as enzymatic activators in multiple stages of lysosomal sphingolipid degradation, as well as
lysosomal membrane digestion [1–3]. These four homologous proteins are generated in the
endosome via proteolysis of a 73 kDa precursor protein called prosaposin (pSap) [4,5]. The
resulting Saps A-D each consist of approximately 80 amino acids, with six similarly-located
cysteine residues that confer heat stability and a characteristic tertiary structure through the
formation of three conserved disulfide bridges [3,6].

Mature Saps A-D assist lysosomal hydrolases in the degradation of sphingolipids.
Deficiencies or dysfunctions of these activators can result in lysosomal storage disorders
that mimic by deficiencies of the enzyme activated by that particular Sap [7–9]. Prosaposin
deficiency results in the accumulation of sphingolipid substrates that are hydrolyzed by Sap-
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associated enzymes including sulfatides, glucosylceramide, lactosylceramide,
galactosylceramide, digalactosylceramide, ceramide, and GM2 and GM3 gangliosides
[7,10]. Patients with deficient pSap (OMIM ID: 611721), resemble type 2 (acute
neuronopathic) Gaucher disease (GD; OMIM ID: 230900) [11]. Deficiencies of individual
Saps also mimic specific disorders; Sap A deficiency resembles Krabbe disease [8], and
inadequate Sap B resembles metachromatic leukodystrophy [12–14]. Six patients described
with mutations in the Sap C domain of the PSAP gene (OMIM ID: 610539) have symptoms
similar to either type 1 or type 3 (OMIM IDs: 230800, 231000) GD, despite normal
glucocerebrosidase (GCase; EC 3.2.1.45) activity [9]. Sap C knockout mice also exhibit
phenotypes most closely analogous to type 3 GD [15]. A specific deficiency of Sap D has
not been reported in humans.

Saposin C has particular relevance for GD. It is a necessary activator for GCase, the enzyme
deficient in this disorder due to mutations in the GBA gene (OMIM ID: 606463) [4,16,17].
GD is an autosomal recessive disorder, and the most common lysosomal storage disorder.
Deficiency of GCase leads to accumulation of glucosylceramide in lysosomes, causing
substrate storage in macrophages in the spleen, liver, bone marrow, and other organs.
Patients with GD often exhibit hepatosplenomegaly, thrombocytopenia, bone lesions, and
anemia [16]. In some cases, patients also develop neurological symptoms, including
myoclonic epilepsy, ataxia, intellectual impairment, and abnormal horizontal saccadic eye
movements [16,18]. Clinically, GD is classified into three types, based on whether the
patient displays neurological symptoms, and the age at which these first manifest [17]. Type
1 (non-neuronopathic) GD, the most common form, does not involve the central nervous
system, but the severity ranges from significant morbidity in childhood due to complications
from cytopenia, liver dysfunction, failure to thrive, or skeletal involvement, to patients that
remain asymptomatic or undiagnosed for much of their life [17,19].

Type 2 and type 3 GD, the acute and chronic neuronopathic forms, respectively, are
characterized by neurological dysfunction [17]. Type 2 GD affects infants, who have a life
expectancy of less than two or three years [17,20]. These patients exhibit rapid neurological
decline, severe hepatosplenomegaly, failure to thrive, and ultimately opisthotonus. A
subgroup dies from hydrops fetalis or congenital ichthyosis before or shortly after birth
[21,22].

Type 3 GD results in a less severe phenotype than type 2 [17]. Neurological symptoms vary
greatly, including myoclonus, seizures, ataxia, dementia, and slowed horizontal eye
movements [16]. A subgroup of these patients display significant visceral involvement,
including hepatosplenomegaly, and can have extensive bone disease.

Despite clinical categorization of GD into these three types, a wide spectrum of phenotypic
heterogeneity is observed in this disorder. As an essential activator of GCase, Sap C is a
potential disease modifier, and subtle changes in its expression may contribute to the array
of phenotypes observed in GD.

1.2. History of saposin research
Sap C was discovered by Ho and O’Brien in 1971 [23]. It was extracted from spleen
homogenate from a 12-year-old female with type 3 GD, following splenectomy. Further
experiments showed that it was heat-stable and capable of restoring mutant GCase activity
in vitro [23]. The common genetic origin of Sap C and Sap B, which was discovered in
1964, was confirmed in the late 1980s, when the cDNAs encoding each protein were cloned
independently, and it was found that both derive from proteolytic processing of a 73 kDa
precursor protein, later confirmed to be pSap [24–26]. In total, four homologous domains
were found in the pSap protein. All were approximately 80 amino acid residues in length

Tamargo et al. Page 2

Mol Genet Metab. Author manuscript; available in PMC 2013 January 02.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



and had similarly located cysteine and proline residues, suggesting common secondary and
tertiary structures. In addition, each domain had at least one glycosylation site. These results
indicated the existence of two other mature Sap proteins, which correspond to Saps A and D
[27–29].

The nomenclature for the Sap proteins has evolved over the years, and thus the literature is
often confusing. The current term “saposin,” derived from “sphingolipid activator protein,”
was coined by O’Brien and Kishimoto [28,29]. Sap C has taken many names, originally
called factor P by its discoverers [23]. It was also referred to as heat stable factor, A1
activator, and co-β-glucosidase in the early literature. In 1984, the term sphingolipid
activator protein (SAP) was applied to the two Saps known at the time. Sap B and Sap C
were called SAP-1 and SAP-2, respectively [30]. The currently accepted saposin A-D
nomenclature system arose from an improved understanding of the genetic basis for pSap
and the mature Sap proteins. The Saps were named sequentially based on their position in
the pSap amino acid sequence, starting from the N-terminus. This nomenclature identifies
the individual Saps based on their amino acid sequences, rather than their activities,
highlights their common origin from PSAP, and distinguishes them from other sphingolipid
activator proteins [31].

2. Saposin C structure and function
2.1. The saposin precursor

Prosaposin is encoded by the ~17 kb PSAP gene, located on chromosome 10q21 [32]. The
gene contains 15 exons and 14 introns. The four homologous gene domains, each encoding
one Sap protein, suggest that the PSAP gene arose from multiple duplications of an ancient
gene that encoded a single Sap. Three isoforms of pSap result from alternative splicing at
exon 8, which consists of nine base pairs encoding three amino acids in Sap B. Human
cDNA libraries contain cDNAs with all nine, the last six, or none of the base pairs in exon 8
[33]. Differential splicing of PSAP does not appear to have any phenotypic effects [34].

Prosaposin consists of 524 amino acids, including the four Sap domains, a 16-residue signal
peptide, and five polypeptide sequences that separate the Sap domains. The protein contains
five glycosylation sites, two in the Sap A domain, and one in each Sap B-D domains (Fig. 1)
[2]. After synthesis, pSap, a 55 kDa, unglycosylated protein is transported through the
endoplasmic reticulum to the Golgi apparatus, where sugar residues are added [35]. The
extent to which pSap is glycosylated in the Golgi is believed to determine whether it is
successfully reaches the lysosome via the sortilin receptor pathway [36,37]. Oligomerization
of pSap may also prevent its entry to this pathway and proper trafficking to the lysosome
[38]. In the lysosome, pSap is cleaved by cathepsin D in the interdomain sequences, yielding
the four mature Sap proteins [5,38].

In addition to its role as the precursor of the Saps, pSap has intrinsic protein function. It is
found uncleaved in brain, skeletal muscle, and cardiac muscle [39]. pSap is enriched in
cerebrospinal fluid, bile, semen [40], and human milk [41], and is secreted by Sertoli cells to
promote spermatogenesis [42]. It is a known neurotrophic factor [43] that can accelerate
regeneration of ischemic hippocampal neurons [44], and may be involved in the early
development of the brain [45].

2.2. The saposin C–GCase interaction
Saposin C is an 80 amino acid protein encoded by the third domain in PSAP (Fig. 2). It has a
molecular weight of 9 kDa, although this can increase to 12 kDa after N-glycosylation at
Asn 22 [46]. Six Cys residues form three disulfide linkages to shape the tertiary structure of
Sap C. Pairings between Cys 5 and Cys 78, Cys 8 and Cys 72, and Cys 36 and Cys 47
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stabilize a bundle of five α-helices, and also render Sap C heat stable at temperatures over
100 °C [23,47]. This arrangement of α-helices is sometimes referred to as the saposin fold.
Sap C has an isoelectric point of pH 4.3–4.4 [4]. At pH 5.4 it undergoes a conformational
change in which the α-helix bundle opens to a V-shaped, or “boomerang,” configuration.
This exposes hydrophobic residues that were previously located inside the saposin fold,
rendering Sap C capable of penetrating phospholipid membranes and binding anionic
phospholipids [48,49].

Once the pH-dependent interaction between Sap C and lipid vesicles was known, the
physical interaction between Sap C, lipids, and GCase was explored. To map the site of
interaction with GCase, Weiler et al. measured GCase activities and kinetic constants of
different synthetic Sap C sequences [50]. They showed that two polypeptide fragments of
Sap C could each individually promote GCase activity to 90% of control levels. The
fragments consisted of residues 27–34 of domain 1 of Sap C, and residues 41–49 of domain
2, respectively. These sites were proposed as activator regions for GCase. Residues 41–82,
however, were proposed as the site of binding to GCase. Recently, Atrian et al. used a
protein-protein rigid docking model to explore the interaction sites between GCase and Sap
C [51]. Based on this study, residues 9, 20–25, and 56–74 of Sap C were suggested to be the
sites of interaction with GCase, confirming the experimental data of Weiler et al. The
computational docking model also revealed that specific GCase residues (314, 317, 318,
348, 358, 362, 365, 366, 369, 370, 372, 373, 441, 443–445, 463, 464, and 487; UniProt
Knowledgebase, EBI-EMBL) can potentially interact with Sap C [51].

In an effort to characterize the Sap C-GCase complex, Ho et al. suggested a 2:1
stoichiometry between Sap C and GCase, forming fully-activated GCase [52]. The 1:1
stoichiometry showed only 28% of the activity of this complex. Using gel-permeation HPLC
on human spleen extracts, Aerts et al. separated two forms of GCase: nonactivated (60 kDa)
and fully activated (200 kDa) [53]. Earlier, Prence et al. had shown that incubation of rat
liver with Sap C and phosphatidylserine shifts the size of GCase from 57 kDa to 188 kDa by
sucrose density gradient ultracentrifugation [54]. Weiler et al. subsequently proposed a two-
step mechanism of formation for the Sap C-GCase complex. A 2:1 Sap C-GCase
intermediate complex forms first, followed by dimerization to a 4:2 complex with a
molecular weight of 180–220 kDa [50]. Although both Sap C and GCase have been shown
to be available as functional dimers [55,56], the 4:2 complex has not been crystallized [57].

Saposin C is an established activator for the hydrolysis of glucosylceramide by GCase in
lysosomes [9,23], but the mechanism by which Sap C promotes lysosomal hydrolysis is not
fully known. Förster resonance energy transfer studies demonstrate associations between
GCase and Sap C, GCase and membrane regions altered by Sap C, and GCase and
hydrolysis products [58,59]. Sap C is believed to associate with both GCase and the
phospholipid membrane, bringing them together so that GCase can hydrolyze endogenous
glucosylceramide. Sap C may also help extract and solubilize the lipid substrate from the
membrane, rendering it is accessible for hydrolysis [58] (Fig. 3).

To initiate activation of GCase by Sap C, a number of cationic lysine residues on two of the
α-helices of Sap C may reversibly bind to the anionic membrane [47]. Once bound, a
conformational change occurs in Sap C, exposing a hydrophobic region originally contained
within the α-helix bundle [47,58]. Increased local concentration of anionic phospholipids
within the bilayer augments the ability of Sap C to bind and destabilize the membrane [48].
The acidity of these phospholipids may create a pH gradient that helps to expose the
hydrophobic domain of Sap C, or to encourage interaction with lysine residues. Sap C then
localizes at preexisting membrane defects, where the lipids are less densely packed and the
membrane is weakened [58]. From the edges of these defects, Sap C can further destabilize
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the membrane, restructuring it into patch-like domains of varying thickness [58,60–62]. The
thinned regions are believed to result from the removal of the upper leaflet of the membrane,
revealing the headgroups of internal lipids [59], or from the removal of endogenous lipids by
Sap C for transfer to hydrolases [58].

It is currently unknown how the lipid is transferred from Sap C to GCase. One hypothesis,
referred to as the solubilizer model (Fig. 3a), is that Sap C extracts the lipid from the bilayer
in a soluble complex, and then dissociates from the membrane to form a complex with
GCase, handing over the substrate for hydrolysis [58,59]. Another possibility, described by
the liftase model [59], is that Sap C remains bound to the thinned regions of the membrane
where glycosphingolipids are exposed. GCase can associate with this complex and cleave
the exposed glucosylceramide headgroups that sit above the thinned portions of the
membrane [47,58]. The liftase model (Fig. 3b) is currently the preferred theory to explain
how Sap C stimulates GCase [47]. Studies of lipid antigen transfer to CD1 molecules by Sap
C, where the protein is shown to be incapable of forming a soluble complex with lipid
antigens, support this hypothesis [63]. Other Saps, such as Saps B and D, are best described
as solubilizers [47,64].

In addition to its role as an activator for hydrolysis, Sap C also protects GCase from
proteolytic degradation [65]. GCase activity is reduced in pSap knockout mice compared to
wildtype mice, and GCase degradation is enhanced in both mouse and human pSap-deficient
fibroblasts [65]. Treatment with the protease inhibitors leupeptin or pepstatin A restored
GCase activity and protein levels in pSap-deficient fibroblasts. Finally, the addition of Sap C
to pSap-deficient fibroblasts restores GCase activity in a manner similar to the protease
inhibitors, suggesting that it also protects the enzyme from proteolytic degradation [65].
This protective effect was not observed for other Sap proteins tested.

2.3. Animal models of saposin C deficiency
A mouse model of specific Sap C deficiency was created by knock-in of a Cys to Pro
mutation in the Sap C domain of the PSAP gene [15]. At 12 months, these mice developed
weakness in the hind limbs and progressive ataxia. Foamy storage cells were observed in the
spinal ganglion at around 25 weeks of age, and gradual loss of Purkinje cells began at 2
months, with most cerebellar Purkinje cells lost by 20 months. Inclusion bodies in neurons
and axons in the spinal cord also developed around this time, along with pro-inflammatory
activated astrocytes and microglia. GCase activity in brain, lung, liver, and spleen tissue
samples was approximately 50% that of wildtype mice. A slight increase of
glucosylceramide in the spinal cord was observed but, surprisingly, glycosphingolipid levels
in the brain and visceral organs were not elevated.

In addition, Sun et al. generated a mouse model with both Sap C deficiency and GD [66]. In
this model, Sap C-knockout mice were crossbred with knock-in GD mice homozygous for
the gba mutation V394L. V394L homozygous mice are a viable model of chronic
neuronopathic (type 3) GD [66–68]. They display neurological deficits, and liver and spleen
GCase activity is reduced to 4–11% of wildtype levels. GCase activity in the brain is 25%
that of wildtype levels [67]. Sap C deficiency caused by a point mutation in PSAP in these
mice, resulted in a more severe phenotype. Sap C−/−/V394L homozygous mice showed even
greater reduction in GCase activity, and increased storage of glucosylceramide and
glucosylsphingosine. The elevated levels of glucosylsphingosine likely contributed to the
CNS involvement, which was not seen in V394L homozygotes with wildtype Sap C. Sap
C−/−/V394L mice developed hindlimb paresis and ataxia. They died, on average, at age 48
days from neurological complications, while V394L homozygotes remained viable. Sap C
was confirmed as a disease modifier for GD in this model due to the increased severity of
the phenotype in its absence.
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3. The role of saposin C in the pathogenesis of Gaucher disease
Reduced GCase activity in GD is primarily caused by protein mis-folding and improper
trafficking of the enzyme to the lysosome, or the total absence of the protein resulting from
null alleles [69]. However, some mutations in GCase result in diminished residual enzyme
activity in vitro by causing structural or biochemical changes that interfere with the
mechanism of activation by Sap C [70]. The N370S mutation causes an amino acid
substitution that limits the mutant enzyme’s capacity to interact with Sap C and to bind
anionic phospholipid-containing membranes [71]. Computational models suggest that this
mutation also decreases the protein’s flexibility around the active site, particularly in loop 1
(residues 311-319). This rigidity may reduce the conformations available to the enzyme,
preventing it from properly establishing a binding interface for interaction with Sap C
[72,73].

Salivioli et al. showed that Sap C is unable to reconstitute the hydrolytic activity of N370S
GCase to the level of wildtype enzyme [71]. In the absence of Sap C, N370S GCase is only
10–15% as active as wildtype enzyme. Under optimal conditions [19,74] in patient
fibroblasts, the addition of Sap C restores the activity of N370S GCase to 50–70% that of
wildtype [71]. This increase is less pronounced when Sap C is added to other mutant forms
of the enzyme [70]. The activating capability of Sap C toward N370S GCase depends
primarily on the concentration of phospholipids present in the membrane [71]. Sap C can
restore N370S GCase activity to 70% that of wildtype enzyme when there is a high (60–
75%) membrane concentration of phosphatidylserine, but its activity was only 15% that of
wildtype when the phosphatidylserine concentration was less than 20% of the total
membrane composition. GCase activity correlated most strongly with the phosphatidylserine
concentration of the membrane, and concentration-dependent increases in activity due to the
addition of Sap C were smaller by comparison [71]. Compared to wildtype enzyme, N370S
GCase had a decreased binding affinity for membranes with low phosphatidylserine
concentrations [71].

The defective interaction between N370S GCase and Sap C may be improved by chaperone
molecules, such as N-butyl-deoxynojirimycin (NB-DNJ) [73]. Chemical chaperones are
small molecules that promote proper folding of a protein to accurately establish its tertiary
structure [75]. NB-DNJ and isofagomine (IFG) act as chaperones for newly synthesized
mutant GCase as it passes through the endoplasmic reticulum [73,76]. These molecules
result in proper folding of the protein to ensure that it is transported to the lysosome, and not
broken down by endoplasmic-reticulum-associated degradation (ERAD). Enhancement of
mutant GCase activity by chaperone therapy is primarily due to improved trafficking to the
lysosome. However, computational models suggest that once the mutant enzyme has
reached the lysosome, NB-DNJ can also restore N370S GCase activity by promoting the
interaction of the enzyme with Sap C and the anionic phospholipid membrane [73]. The
N370S mutation appears to destabilize GCase within the Sap C binding interface, preventing
its association with the enzyme [51,72,73]. NB-DNJ may stabilize the residues of loop 1,
inducing a conformational change that improves their interaction with Sap C [73].

4. Clinical consequences of saposin C deficiency
Six patients with Sap C deficiency due to mutations in the PSAP gene have been reported in
the literature, all of whom had symptoms resembling GD [9,77–83]. Two of these patients
exhibited a type 1 GD phenotype, while two had neurological involvement resembling type
3 GD [9,77,80]. The two remaining patients, an adult brother and sister, were originally
described as having type 1 GD, but a recent update reports that they have begun to display
mild neurological deterioration [78,79]. Three of the patients have mutations causing non-
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synonymous substitution of a cysteine residue, breaking one of the three disulfide bridges in
Sap C. Mutations in the start codon of pSap, resulting in a null allele, are present in three
patients. Patient 6 is homozygous for a seven-amino acid deletion in Sap C, while the others
are all compound heterozygotes for their respective mutations. Descriptions of the clinical
findings in these patients are summarized in Table 1.

5. Conclusions
It is becoming increasingly apparent that GD encompasses a spectrum of phenotypes, and
that there is great phenotypic heterogeneity associated with this single-gene disorder [84].
Over 250 mutations associated with GD have been identified in GBA, yet direct correlations
between genotype and phenotype are limited [68]. Two notable exceptions are N370S,
which is found exclusively in type 1 GD, and L444P, which when homozygous, is typically
associated with neurological involvement [85]. However, general observations of patients
with GD indicate that patients with the same genotype can often display drastically different
clinical symptoms, while other patients may have similar phenotypes arising from different
genotypes [16]. The lack of direct causal relationships between specific mutations and
phenotypes suggests the involvement of disease modifiers that influence the constellation of
symptoms in patients with GD [86].

Some patients with GD also develop Parkinson disease (PD), and mutations in GBA are the
most common known genetic risk factor for the development of parkinsonism [87]. The
odds ratio for a patient with PD to carry a GBA mutation, relative to controls, is 5.4 (95%
CI, 3.89 to 7.57) [87]. Still, only a small fraction of patients with GD develop PD during
their lifetime. Given that pSap is a neurotrophic factor, it is conceivable that it plays a role in
determining which patients with GD develop PD. The neurotrophic region of pSap is
mapped to domain 1 of the Sap C sequence, and residues 13–18 of Sap C showed
neurotrophic activity in both in vitro [88] and in vivo experiments [44]. pSap expression is
also increased in the hippocampal regions CA1, CA3, and the dentate gyrus during prenatal
brain development in rats [45]. Considering that hippocampal regions CA2-4 are the main
sites of involvement in GD [89] and are also involved in Lewy body disorders [89], it is
possible that altered Sap C levels in patients with GD could play a role in the development
of neurological manifestations or parkinsonism in some cases.

A modifier gene is any gene that affects the phenotypic expression caused by a disease
allele, but may not itself be disease-causing when mutated [90]. Disease modifiers can be
genes in other loci that interact with the disease-causing allele, or may result from additional
mutated sites on the same allele [91,92]. While it is easy to recognize situations where
modifier genes may be involved, it is far more difficult to identify specific genetic
interactions that influence disease manifestations.

A number of potential modifiers for GD, both within the GBA locus and at unrelated loci
have been proposed [91,93,94]. Recently, the SCARB2 gene (OMIM ID: 602257) was
confirmed to be a disease modifier for GD in one unique family [95]. This gene encodes
lysosomal integral membrane protein type 2 (LIMP-2), which is essential for accurate
localization of GCase to the lysosome. Mutations in SCARB2 cause improper trafficking of
GCase to the lysosome, reducing the enzyme’s overall activity toward glucosylceramide.
However, there may be alternative lysosomal trafficking pathways for GCase, since
mutations in SCARB2 alone do not result in a Gaucher phenotype.

Because of the essential role of Sap C as an activator of GCase, the PSAP gene is a logical
candidate modifier for GD. It has long been known that Sap C and Sap A, both of which are
capable of promoting GCase activity, are increased in the spleens of patients with GD
[23,96] by approximately 17- and 60-fold, respectively, relative to controls [96]. These
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activators may be elevated in affected tissues in order to compensate for decreased GCase
activity, boosting any residual enzyme available. Since Sap C deficiency produces clinical
features similar to those seen in GD despite normal GCase levels, Sap C deficiency in
conjunction with inherited GD mutations affecting GCase activity would likely compound
the severity of the disease. While this scenario has been explored in the mouse model
created by Sun et al. [66], variation in Sap C levels among GD patients with discordant
phenotypes has yet to be studied.

Another reason to identify factors that can modify the disease course is to assess their
therapeutic potential. It is interesting to speculate that modifying levels of Sap C in patients
might enhance the activity of mutant GCase, resulting in clinical improvement. Determining
whether discordant phenotypes in patients with GD patients may result from differences in
Sap C expression remains an area for future investigation. Further studies of the molecular
genetics of the PSAP gene and the processing of its products may reveal other factors that
mediate genotype-phenotype correlation in GD. Sap C merits further investigation as a
modifier for GD given its role as an essential activator of GCase, as well as the strong
phenotypic similarity between patients with Sap C deficiency and GD. Moreover, as we
better understand the impact of Sap C on GCase activity, therapies directed toward altering
Sap C levels or function may play a role in patient management.
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Abbreviations

GCase glucocerebrosidase

GD Gaucher disease

PD Parkinson disease

Sap saposin

pSap prosaposin

FRET Förster resonance energy transfer

NB-DNJ N-butyl-deoxynojirimycin

IFG isofagomine

LIMP-2 lysosomal integral membrane protein type 2
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Fig. 1.
Prosaposin cDNA structure, with individual saposin domains noted. The 16-amino acid
signal peptide is shaded in red, and functional saposin domains are shown in blue. Cysteine
residues and glycosylation sites are indicated.
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Fig. 2.
Amino acid sequence of saposin C. The three conserved disulfide linkages are underlined
and bolded, along with the N-glycosylation site (red).
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Fig. 3.
Proposed mechanisms of GCase (orange) activation by Sap C (blue). Sap C embeds in
preexisting defects in the bilayer membrane, resulting in a thinned membrane domain, and
exposing the headgroup of glucocerebroside substrate (purple ball). Activated GCases is
shown in red. a) Solubilizer model. Sap C dissociates from the membrane in a soluble
complex with glucocerebroside, which is hydrolyzed by GCase in solution. b) Liftase model.
Sap C stably associates with the membrane and exposes glucocerebroside for direct
hydrolysis by GCase on the surface of thinned membrane domains.
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Table 1

Summary of reported mutations in the Sap C domain of the PSAP gene. These result in Sap C deficiency and
phenotypes resembling either type 1 or type 3 Gaucher disease.

Patient cDNA mutation (Allele 1/Allele 2) Protein mutation (Allele 1/Allele 2) GD Phenotype Reference

1 c.1145 G>T/unknown p.Cys382Phe Type 3 [77,82]

2 c.1144 T>G/c.1288 C>T p.Cys382Gly/p.Gln430* Type 3 [80,81,83]

3 c.1A>T/c.1046 T>C p.M1L/p.L349P Type 1 [78]

4 c.1A>T/c.1046 T>C p.M1L/p.L349P Type 1 [78]

5 c.1A>G/c.943 T>A p.M1V/p.Cys315Ser Type 3 [9]

6 c.1024_1044delTTTGACAAAATGTGCTCGAAG p.Phe342_Lys348del/p.Phe342_Lys348del Type 1 [9]
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