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Abstract

Five genes encode the five human signal peptide peptidases (SPPs), which are intramembrane-
cleaving aspartyl proteases (aspartyl I-CLiPs). SPPs have been conserved through evolution with
family members found in higher eukaryotes, fungi, protozoa, arachea, and plants. SPPs are related
to the presenilin family of aspartyl I-CLiPs but differ in several key aspects. Presenilins (PSENS)
and SPPs both cleave the trans-membrane region of membrane proteins; however, PSENSs cleave
type 1 membrane proteins whereas SPPs cleave type 2 membrane proteins. Though the overall
homology between SPPs and PSENSs is minimal, they are multipass membrane proteins that
contain two conserved active site motifs YD and GxGD in adjacent membrane-spanning domains
and a conserved PAL motif of unknown function near their COOH-termini. They differ in that the
active site YD and GxGD containing transmembrane domains of SPPs are inverted relative to
PSENSs, thus, orienting the active site in a consistent topology relative to the substrate. At least two
of the human SPPs (SPP and SPPL3) appear to function without additional cofactors, but PSENs
function as a protease, called y-secretase, only when complexed with Nicastrin, APH-1 and Pen-2.
The biological roles of SPP are largely unknown, and only a few endogenous substrates for SPPs
have been identified. Nevertheless there is emerging evidence that SPP family members are highly
druggable and may regulate both essential physiologic and pathophysiologic processes. Further
study of the SPP family is needed in order to understand their biological roles and their potential
as therapeutic targets.
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1. Introduction: intramembrane-cleaving proteases

Until recently, proteases had been shown to carry out catalysis in an aqueous, cytoplasmic
lumenal, or extracellular environment. The necessity of a water molecule in the catalytic
mechanism of peptide bond cleavage (“hydrolysis™) indicates that water must have access to
the catalytic site. Indeed, “classic” proteases have catalytic domains that are present in a
domain with free access to an aqueous environment. Recently, three new families of
proteases have been discovered that possess the ability to carry out peptide bond hydrolysis
of transmembrane domains (TMDs); these three families of proteases are referred to
generically as intramembrane-cleaving proteases (I-CLiPs). I-CLiPs are polytopic
membrane proteases that carry out peptide bond hydrolysis in the hydrophobic plane of the
membrane. The core catalytic residues for each of the three classes are the same catalytic
residues used by classical representative water-soluble enzymes. Consistent with use of
conserved catalytic mechanisms, initial structural studies suggest that the polytopic I-CLiPs
form a pore like structure within the membrane; thus, permitting water access to the active
site [1-3]. Examples of the three types of intramembrane-cleaving proteases now can be
found in almost all organisms studied: (i) the S2P-M50 super family of site 2 proteases,
which are zinc metalloprotease Paragraph integrity is hard to read here due to justified
alignment selected. I-CLiPs http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?
aschin=8&maxaln=10&seltype=2&uid=127338 [4,5], (ii) the c110483 Rhomboid
superfamily http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=cl10483, which are
serine I-CLiPs [6,7], and (iii) the cl01342 Peptidase_A22B superfamily http://
www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?
aschin=8&maxaln=10&seltype=2&uid=120578&querygi=60218981&aln=1,0,7,135, which
includes the presenilins (PSENS) [8,9] and the signal peptide peptidases (SPPs) [10], which
are aspartyl I-CLiPs.

2. SPPs and y-secretase: similarities and differences

Five human SPPs and numerous SPPs in other species were originally identified through
bioinformatic methods [11], and in the absence of functional data, they were named
“presenilin homologs.” Shortly thereafter, one of the human SPPs was shown to catalyze the
intramembrane proteolytic processing of signal peptides of major histocompatability
complex class | molecules after cleavage by signal peptidase [12]. Thus, despite several
disparate initially proposed nomenclatures, the field has adopted the nomenclature of signal
peptide peptidase and signal peptide peptidase-like (SPPL), stemming from the original
functional studies [11-13]. The human genes encoding SPPs and other studied othologs can
be divided into two branches based on homology and initial functional studies. One branch
consists of the SPP and SPPL3 proteins. The second branch consists of the SPPL2 proteins
(SPPL2a,b,c) (Fig. 1) [12,14-17].

Despite limited areas of direct sequence homology, human PSENs and human SPPs are
membrane proteins whose amino acid sequences can be aligned almost throughout their
entire lengths [11]. These proteins share identical active site motifs, YD and GxGD
[10,12,15,18]. In addition, they contain a third conserved motif, PAL, near their COOH-
termini [11,19] (Fig. 2). The YD and GxGD motifs, which in PSENs and SPP contain the
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catalytic aspartate residues, are unusual in that they are present within predicted adjacent and
opposing transmembrane regions [3,10]. However, topology studies demonstrate that the
orientation of these transmembrane regions in all examined human SPP family members is
inverted relative to PSENSs [12,15,16,20]. This inversion of the active site appears to have
functional consequences; SPPs cleave type 2 membrane proteins whereas PSENS cleave type
1 membrane proteins.

The similarities between PSENs and SPP, especially within the active site YD and GxGD
motifs, point to a common catalytic mechanism. As in PSENs, mutation of the conserved
aspartates in the YD and GxGD motif abolishes proteolytic activity [12,21,22]. In addition, a
subset of y-secretase inhibitors (GSIs) that bind PSEN also inhibit SPP and conversely
certain SPP inhibitors inhibit PSEN dependent -y-secretase activity [1,20,21]. In a very
interesting study, Iben and colleagues have recently shown that the most abundant cellular
target of a -y-secretase transition-state inhibitor, L-685,458, is in fact SPPs and not y-
secretase [23]. Indeed, though this GSI binds and inhibits both -y-secretase and SPPs, SPPs
are typically found at much higher levels than PSEN/y-secretase in cells, thus, accounting
for the majority of GSI binding. Given the sequence divergence outside of the conserved
active site motifs, one would expect that not all y-secretase inhibitors would inhibit SPP and
vice versa. This appears to be the case. For example, the SPP inhibitor Z-LL, ketone shows
marked selectivity for inhibition of SPP over y-secretase. LY-411,575 preferentially inhibits
y-secretase but does inhibit SPP at higher concentration, whereas the y-secretase inhibitor
DAPT that is similar in structure to LY-411,575 does not inhibit SPP [1,20]. More recently,
helical peptide inhibitors have been reported that inhibit both SPP and y-secretase but are
more potent against SPP [24]. Because y-secretase and SPP family members are potential
targets for therapeutic intervention, PSENs for the treatment of AD and cancer and SPPs for
HCV and malaria, it will be imperative in the future to identify compounds with drug-like
properties that are highly selective for each. Indeed, the recent identification of novel Notch-
sparing APP-selective -y-secretase inhibitors suggests that it may be possible to fine tune the
specificity of aspartyl I-CLiP inhibitors in unexpected ways [25].

It is well established that y-secretase cleaves the TMD of substrates at multiple points
[8,26]. Though many models of this cleavage have been put forth, most data converge on
mechanisms whereby the initial cleavage occurs near the cytoplasmic end of the TMD (the
e-cleavage site in APP and the S3 cleavage site in Notch) followed by sequential cleavages
that result in liberation of the N-termini of the substrate with the final cleavages representing
the y-cleavage of APP or the S4-cleavage of Notch. Recent studies on SPP and SPPL2b
indicate that, like y-secretase, these enzymes may cleave the substrate at multiple sites
within the TMD and suggest that, as with -y-secretase, this processing may be sequential
[18,21]. Such studies further reinforce the similarities in catalysis of peptide bonds carried
out by SPPs and PSENSs. Nevertheless, it should be stated that at present the precise
mechanism whereby y-secretase or SPPs catalyze multiple cleavages of a single substrate is
not known.

A major difference between SPP and PSEN is that SPP can catalyze proteolysis of substrate
without additional co-factors [12,21,27]. Whether other SPP family members (SPPL3 and
SPPL 2a,b) function without co-factors remains an open question. In contrast, PSENs
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function as the catalytic protease core of y-secretase only when complexed with three
additional proteins [2,26]. Though Nicastrin has been suggested to serve as the substrate
recognition factor in the -y-secretase complex [28], recent data suggest that this may not be
the case [29]. Several elegant studies do suggest that the substrate binding site and the active
site are distinct in both -y-secretase and SPP [24,30]. SPPs and -y-secretase preferentially
catalyze the cleavage of transmembrane proteins, that either have (i) short extracellular/
lumenal domains, or (ii) have been previously cleaved in a process referred to as ectodomain
shedding to release the extracellular/luminal domain to generate a short membrane bound
“stub” [2,3]. In the case of -y-secretase, this ectodomain shedding is largely attributed to a.-
and pB-secretase activities. For SPP, the classical signal peptidase cleavage performs this
“shedding” [12,31], and for SPPL2 family members, it appears that some substrates can be
cleaved by metalloprotease disintegrins (ADAMs) [15-17,32,33]. Again, why these
“membrane-stubs” are preferentially cleaved and how they are recognized by these aspartyl
I-CLiPs remains an area of debate, and one worthy of further study.

3. SPP, substrates and function

Based on both subcellular fractionation studies and immunocytochemical localization, it
appears that SPP and SPPL3 are predominantly localized to the endoplasmic reticulum (ER)
[15,16,34-38]. Originally, SPP was functionally identified as an ER protease responsible for
the generation of self-peptides presented by HLA-E [12]. These initial functional studies
used a SPP-directed photolabile inhibitor that blocked the cleavage and presentation of
MHC class I signal peptides by HLA-E [1], indicating that one major role of SPP may be to
regulate normal immunologic surveil-lance [2,39]. In the ER, MHC class | molecules are
first processed by the signal peptidase, followed by SPP catalyzed cleavage within the TMD
of the residual signal peptide [1]. Once generated, the MHC derived peptides bind to HLA-E
inducing its cell-surface expression. It is thought that the presentation of such self-peptides
by HLA-E on the cell surface protects the cell from natural killer cell attack, though this has
not been proven in vivo.

SPP may also play a role in membrane protein dislocation from the ER during human
cytomegalovirus infection [40]. Dislocatio, which is more commonly referred to as retro-
translocation, refers to the process by which misfolded proteins in the ER are exported from
the ER into the cytoplasm, where they are degraded by the ubiquitin proteasome system.
SPP associates with US2, a protein that plays an essential role in retro-translocation of MHC
class | heavy chains (HC) [40]. SPP knockdown by RNA silencing decreased US2-mediated
retro-translocation of MHC class | HC. Intriguingly, a requirement for SPP mediated
proteolysis was not reported in the retro-translocation pathway. Thus, there remains only a
tantalizing link between the proven proteolytic function of SPP mediated proteolysis of
Class | molecules and HLA-E loading of the Class | peptides and a potential role of SPP-
mediated proteolysis in US2 mediated MHC class HC retro-translocation.

Other identified substrates of SPP include the eosinophil cationic protein (ECP), IgSF1
(p120/inhibin-binding protein), and preprocalcitonin. SPP-mediated liberation of the N-
terminus of ECP signal peptide is reported to result in increased transforming-growth factor
alpha expression [41]. Cleavage of IgSF1 (p120/inhibin-binding protein), an
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immunoglobulin (Ig) domain protein that is highly expressed in the pituitary and brain, by
SPP results in the generation of two separate Ig-containing proteins [42]. Similar to the
cleavage of MHC Class | signal peptide, SPP-catalyzed cleavage of the signal peptide of
preprocalcitonin appears to generate a peptide that is then presented by HLA-A2.
Overexpression of preprocalcitonin results in enhanced presentation that can then be
recognized by a cytotoxic lymphocyte clone [43].

Hepatitis C virus (HCV) core protein and GB virus B core protein are also known substrates
of SPP [22,34,44-50]. In HCV infected cells, the immature HCV core protein is transiently
anchored in the ER membrane via a C-terminal, signal peptide-like sequence.
Intramembrane proteolysis of the signal peptide in the HCV core protein by SPP promotes
the final processing of core protein and its release from the ER membrane into the cytosol
where it can then bind to lipid droplets. SPP plays a similar role in cleavage of the GB virus
core protein [46]. Although the literature is somewhat unclear on the absolute requirement
for SPP-catalyzed cleavage of the HCV core protein and GB virus with respect to the virus
life cycle [45-49], these studies have implicated SPP as a potential target for anti-HCV viral
therapy as blocking SPP-mediated cleavage of HCV will, at a minimum, slow viral
production [46].

4. SPPL3, function and substrates

The function of the closest homolog of SPP, SPPL3 remains unknown. Although, SPPL3 is
only ~25% identical to SPP and ~45% homologous, based on cleavage of several substrates
and its cellular location within the ER, it is likely that it has an overlapping function with
SPP [14,15,36]. However, study of SPPL3 has been hampered by the difficulties with stable
overexpression of this protein in mammalian cell culture. Notably based on a variety of web-
based resources to examine gene expression including the Allen Brian atlas and the GNF
symAtlas, SPPL3 mRNA appears to be fairly widely and abundantly expressed in a number
of tissues. Thus, further studies will be needed to understand why its overexpression is
problematic in mammalian cell culture.

5. SPPL2a and b, function and substrates

The SPPL2 branch of the SPP family consists of three human proteins, SPPL2a,b,c. SPPL2a
and b are approximately 50% identical and 70% homologous to each other. Both SPPL2a
and b appear to be most highly expressed at the mRNA level in various immune cells (see
Biogps at https://biogps.gnf.org/). SPPL2c mRNA is detectable in tissues, but unlike the
other SPP family members the gene encoding it contains no introns and is highly
polymorphic [11]. To date SPPL2c has not been detected at the protein level, and based on
its gene structure, low level of expression, and high degree of sequence polymorphism, it
may to represent a recently derived pseudogene.

Based on initial subcellular localization studies that show that SPPL2b localizes to the later
secretory pathway, such as endosomes and lysosomes, it was postulated that SPPL2b was
likely to have non-overlapping functions with SPP and SPPL3 [15]. Indeed, the recent
identification of three substrates of SPPL2a/b suggests that they have distinct cellular
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functions as compared to SPPL3/SPP. The first substrate of SPPL2a/b to be identified was
tumor necrosis factor alpha (TNF-a.). Following cleavage of TNF-a by a disintegrin
metalloprotease (ADAM), the membrane stub is cleaved in its TMD by SPP2a/b. The
SPPL2a/b cleavage of TNF-a liberates the cytoplasmic N-terminus, which can translocate to
the nucleus and trigger interleukin-12 production. The cleavage also generates a small C-
terminal peptide that is released into the extracellular space [16,17]. Similarly SPPI2a/b
processes the Fas ligand (FasL), which is a type Il transmembrane protein belonging to the
tumour necrosis factor family. FasL binding to the cognate Fas receptor triggers the
apoptosis that plays a pivotal role in the maintenance of immune system homeostasis. Again,
following cleavage of the extracellular domain by an ADAM protease, the FasL membrane
remnant is further processed by SPPL2a/b to liberate a small and unstable fragment
containing the intracellular FasL domain. This intracellular FasL domain can translocate to
the nucleus and is capable of inhibiting gene transcription [51]. A final substrate for
SPPL2a/b is the BRI2 protein [32]. This type 2 membrane protein, when mutated, can cause
a CNS amyloidosis and dementia, but its normal function is unknown. In any case, like
TNF-a and FasL, BRI2 is cleaved sequentially by an ADAM protease and SPPL2a/b. In this
case, no function has been assigned to the TMD cleavage of BRI2 [32].

6. What regulates SPP and SPPL2 proteolysis?

Using various substrates and mutant versions of these substrates, several groups have
attempted to define the specificity of SPP cleavage [1,20,22]. Though these studies all
reinforce the idea that SPP cleavage appears to be most efficient following “shedding” of the
lumenal portion of the substrate by signal peptide cleavage, the results of these studies are
somewhat divergent. Such differences may be attributable to the different methods of
evaluating cleavage. Using substrates produced by /n vitro translation reactions, it was
demonstrated that helix destabilising residues are required for SPP cleavage, but that
flanking sequences can affect the process [1]. A subsequent study showed that a reporter
substrate based on a transmembrane domain sequence resistant to SPP proteolysis following
in vitrotranslation could be cleaved by SPP when transfected into cells [20]. With only a
handful of substrates identified, the study of the specificity of SPP is clearly in its infancy.
However, as with y-secretase, it is unclear whether identifying additional substrates will
identify signature motifs that direct SPP cleavage, as studies of presenilin dependent -y-
secretase activity show promiscuous sequence specificity [14].

Though the subcellular localizations of SPP and SPPL2b are distinct [15,16], when analyzed
by sucrose flotation density gradients, both proteins fractionate into buoyant membrane
microdomains which are often referred to as lipid rafts or detergent-resistant membranes
[14]. This localization to lipid rafts is quite similar to the localization of -y-secretase in rafts
[52,53]. Though lipid composition of the membrane clearly regulates y-secretase cleavage,
the extent to which the raft localization is required for SPP activity is uncertain. As raft
microdomains appear to play important roles with respect to signalling cascades, it is likely
that the clustering of SPPs within such domains is important. Perhaps one way SPP cleavage
is regulated is through control of substrate entry into the local membrane microdomain in
which SPP is localized.
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7. In vivo SPP knockout and knockdown suggest an essential role in

development

Knockout or siRNA-mediated knockdown studies of SPP family members have only been
performed in D. melanogaster, C. elegans, and D. rerio (Zebrafish) [15,35,54]. No mouse
knockouts have been reported. The studies in model organisms suggest that SPP and its
homologs have vital functional roles in development. In C. elegans, deficiency of ce-imp-2
(a SPP-like gene), causes a severe developmental phenotype [54]. The effect of genetically
disrupting the two other C. elegans SPP homologs has not been reported. Drosophila
deficient in one of two SPP genes, CG11840, had defective trachea and died as larvae [35].
In Zebrafish, when either the SPP or SPPL3 homologs were knocked down, a similar
embryonic lethal phenotype was observed, with a prominent effect on nervous system
development noted [15]. Knockdown of the SPPL2b homolog resulted in a distinct
developmental phenotype with an enlarged caudal vein [15]. Such genetic studies show that
SPPs and its homologs have important, and in some cases distinct, physiologic roles
essential during normal development. The molecular determinants underlying these
phenotypes have not been identified and it is unlikely that SPP cleavage of the known
substrates can account for the phenotypes associated with SPP deficiency in these models
organisms.

8. Arole in protein turnover?

In some cases, y-secretase cleavage of substrates plays a role in signal transduction and in
other cases, y-secretase cleavage has been shown to terminate a signal of a transmembrane
protein receptor [2]. Whether all cleavages of transmembrane protein substrates modulate
signalling events is not known. y-Secretase cleavage may also play a role more analogous to
the proteasome, digesting type 1 transmembrane proteins to generate smaller soluble
fragments that can then be broken down by other proteolytic systems in the cell [55]. Given
the abundance of SPP and SPPL3 ad their location in the ER and the tentative link to ER
dislocation, it is interesting to speculate that these I-CLiPs may play a normal role in
cleavage of both misfolded and normally folded transmembrane proteins [40]. Furthermore,
it is also possible that the SPPL2 proteins may also play dual roles in signalling and protein
turnover. Given that SPPI2a and b are present in the endosomal and lysosomal system, it
would seem highly plausible that in some cases they play a role in protein turnover.

9. Is SPP a monomer, dimer or both?

Monomeric SPP is a ~45 kDa N-linked glycoprotein [12]. However, solubilized SPP often
appears as two bands following SDS-PAGE and Western Blotting, one at ~42 kDa, and one
at ~95 kDa [13,20,56]. Under mild lysis conditions, SPP is primarily detected s a ~95 kDa
homodimer [56], but the SDS-stable homodimer is dissociable to a monomer by heating in
the presence of SDS and reducing agent [56]. In addition, an NH2-terminally FLAG epitope
tagged SPP co-purifies with a COOH-terminally V5 epitope tagged SPP [56]. These
biochemical studies suggest that SPP is likely to exist as a dimer /n vivo. Indeed,
fluorescence imaging studies suggest that SPP does exist as a dimer in cells. However, /n
vitro studies demonstrate that detergent-solubilized monomeric SPP is capable of cleaving
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exogenous synthetic peptide substrates [21], and further /n vitro studies suggest that even a
fragment of SPP can catalyze proteolysis as a monomer /in vitro. Although the bulk of
evidence would suggest that the majority of SPP and its closest homolog, SPPL3 [57], are
present within the cell as homodimers, it is unclear whether the monomer or dimer represent
the active form. Efforts to obtain more structural information on SPP may provide additional
insights into the nature of its active form.

10. SPPs as therapeutic targets

The intense focus on PSENs/y-secretase as a therapeutic target in Alzheimer's disease
resulted in the development of extremely potent GSls targeting both the active site aspartates
and allosteric sites of PSENSs. Several GSlIs have entered human clinical trials. These studies
demonstrate that the aspartyl 1-CLiPs are, from a pharmacologic point of view, viable drug
targets. Selective high affinity inhibitors with good pharmacokinetic properties have been
identified that target y-secretase /n vivo. Unfortunately, due to mechanism-based toxicity
largely mediated by inhibition of Notch signalling, there are concerns that long-term
administration of a -y-secretase inhibitor will not be well-tolerated in humans. Such concerns
resulted in the search for Notch-sparing GSIs. As previously mentioned previously several
Notch-sparing GSlIs have been reported. Whether these selective GSls inhibit SPPs has not
been reported [25].

Early inhibitor studies also provided “proof of concept” that it is possible to selectively
target the activities of SPP and -y-secretase. Based on their role in HCV core protein
processing, human SPPs have been postulated to be a potential target for anti-HCV therapy
[22,34,44-50]. To date, no studies prove that SPP is a realistic target in the setting of HCV
infection. As HCV infection and the resulting chronic hepatitis is a major cause of liver
failure, further study of SPP, SPP inhibitors, and inhibition of HCV virus are certainly
needed. However, given the uncertainty of the normal functions of SPP, it is not clear
whether such treatment will be tolerated. Furthermore, given the possible functional overlap
between SPP and SPPL3; it may be important to develop both non-selective and selective
SPP and SPPL3 inhibitors.

Further complicating matters, is the fact that all SPP inhibitors identified to date seem to
inhibit SPPL2s as well as SPP and SPPL3. Given the recent studies implicating SPPL2 in
potentially modifying immune signalling pathways [16,17,51], one has to wonder whether
SPPL2a and b are also potential targets for immune modulatory therapy, and whether
selective inhibitors of these can be identified as well. Though SPP is an intriguing drug
target for HCV infection a number of questions probably need to be answered before
considering a major effort at developing human SPP inhibitors. Such questions include:
What are the consequences to the organism of inhibiting HLA-E antigen presentation? Does
SPP cleavage play a role in autoimmune disease? Would inhibition of SPP function be
useful to modulate immune system function? Clearly, the study of SPPs is in its infancy and
the answers to such questions will require additional tools (e.g. selective potent in vivo
inhibitors and SPP knockout mice) to help find answers to these interesting but speculative
questions.
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We have recently proposed that the SPP homologs present in several major human protozoal
pathogens might represent novel drug targets [14]. Multiple human protozoal organisms
have only a single asparty! I-Clip that is more homologous to SPP then to SPPL2a/b or
PSENSs. Indeed, it appears that the SPP (mSPP) from the malarial parasite, Plasmodium
falciparum does possess proteolytic activity and can be inhibited by several established SPP
inhibitors [14,58]. If the mSPP is a critical gene for parasite development, then the
pharmacological inhibition of mSPP may be lethal to the parasite. Given that the mSPP is
capable of being targeted by drug-like compounds, it may be possible to develop selective
inhibitors of the mSPP that do not inhibit human SPP or y-secretase. Furthermore, if it can
be shown that mSPP is a good drug target, similar techniques and reagents could be
developed to target multiple human parasitic pathogens.

11. Summary

SPPs are a newly recognized family of proteases. Though no direct link to disease process
has been forthcoming, additional study of SPPs will likely reveal novel physiologic and
pathophysiologic functions in humans. An understanding of SPP function in other organisms
may also shed light on its normal physiologic role and provide insight into whether SPP like
proteins indeed represent novel therapeutic targets in certain parasitic disease. Further study
of SPP and SPP homologs will, no doubt, provide substantial insight into how aspartyl I-
CLiPs recognize and catalyze the cleavage of transmembrane proteins.
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Fig. 1.

A%hylogenetic tree of the various SPPs that have been studied to date is shown. This tree
was created using the multiple alignment sequence program found at http://
3w.molgen.mpg.de/. Protein sequences used to generate the alignment and the phylogenetic
tree are shown in parenthesis. Note that such an alignment suggests that one of the
Drosophila Melanogaster SPPs (NP 651437) should probably be renamed SPPL3. The
phylogenetic tree demonstrates that the SPP and SPPL3 orthologs are more closely related
then the SPPL2 family members.
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Fig. 2.
A schematic of SPP and PSEN show that they are multipass membrane protein that contains

two catalytic aspartate residues indicated by the stars. These aspartates are present in
opposing and adjacent transmembrane domains. A third conserved motif in is the PAL motif
near the carboxyl-terminus (red triangle). As depicted, SPP and its homologs cleave type 2
membrane proteins. Althougha7TMD model is shown, other models suggest additional
TMDs. For either model the exact topology of SPP has not been experimentally validated.
PSEN exhibit an inverted topology relative to SPP. The schematic shows the 9 TMD
topology model for PSEN which has been extensively validated using genetic and
biochemical methods [59].
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