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SNX27 belongs to the sorting nexin (SNX) family of proteins that play a critical role in protein sorting and trafficking
in the endocytosis pathway. This protein family is characterized by the presence of a Phox (PX) domain; however,
SNX27 is unigue in containing an additional PDZ (post-synaptic density 95/discs large/zonula occludens-1)

domain.

autophagy colon cancer endosomal pathway endocytic recycling

| 1. SNX27 and Its Special Domains

As shown in Figure 1, SNX27 (sorting nexin (SNX)) contains three distinct domains: a central Phox (PX) domain, a
C-terminal FERM (4.1/ezrin/radixin/moesin) domain, and an N-terminal PDZ (post-synaptic density 95/discs
large/zonula occludens-1) domain (only in SNX27) [ (Figure 1). Despite carrying a common PX and FERM
domain, SNX27 behaves functionally distinct from the other members of the SNX-FERM subfamily . While both
SNX17 and SNX31 depend on their FERM domain and have strong affinity towards targeting and recycling
cargoes carrying a NPxY/NxxY motif, SNX27 mediates endocytic recycling of cargoes in a PDZ-domain dependent
manner 2. The SNX27-FERM domain associates with an N-terminal DLF motif found on the SNX1/2 homodimer,
which has not been reported in either SNX17 or SNX31 2. This was further supported by structural analysis data,
which reported very low sequence identity between SNX27-FERM domain compared with that of SNX17 and
SNX31 &, Therefore, the FERM domain has a distinct role in SNX27 than in the other SNX-FERM members, such
that it only promotes SNX27 interaction with the SNX-BAR (Bin/Amphiphysin/Rvs) proteins. This structure
mediates the recruitment of SNX27 to the membranes of early endosomes and initiates membrane remodeling to

assist in the endocytic recycling and trafficking of PDZ-domain containing cargoes 2!,
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Figure 1. Structure and functional domains of SNX27.

SNX27 was initially discovered in the brain tissue where it was found to be interacting with 5-HT4.a/R, a G-protein
coupled receptor (GPCR) 4 Structural analyses later revealed that 5-HT4.a/R carries a C-terminal class-I PDZ-
binding motif and its association with SNX27 was found to be dependent on its interaction with the PDZ-domain 51,
Therefore, the canonical basis for the PDZ domain to recognize and bind to cargoes was predisposed to the
presence of a class-I PDZ-binding motif [S/T]-x-® (where x represents any amino acid and @ represents any
hydrophobic amino acid) at the C-termini, often present in the cytosolic tails of transmembrane proteins (61
However, presence of certain sequences upstream of the C-terminus PDZ-binding motif was also shown to
enhance binding specificity . Studies have revealed that acidic side chains are often found alongside the PDZ-
binding motifs, however several SNX27 cargoes have replaced these upstream acidic side chain sequences with
conserved serine/threonine phosphorylation sites which was later shown to mimic the acidic side chain residues,
thus promoting binding affinity in a similar manner . with the advent of proteomics and sequence quantitative
analysis, over hundreds of transmembrane proteins have been identified to be interacting with SNX27-PDZ
domain. These include B-2-adrenergic receptor, GLUT1 glucose transporter, and the Menkes copper transporter
ATP7A .

| 2. SNX27 Mediated Endosomal Recycling of Proteins

Endocytosed transmembrane proteins require to go through a complex network of the endomembrane system that
is subdivided into the early, late, and recycling endosome vesicles. While the cargo sorted in late endosomes
proceed for lysosomal degradation, those present in the recycling endosomes further interact with the components

of the secretory pathway in order to be transported to either the trans-Golgi network (TGN) or delivered back to the
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cell surface . Therefore, improper sorting of endocytosed cargo can disrupt physiological homeostasis and give

rise to various health problems and diseases 19,

Sorting and recycling of the transmembrane proteins from early/recycling endosomal compartments directly to the
plasma membrane is heavily dependent on the association of the SNX27/SNX-BAR/retromer complex on Rab4-
positive endosomes 4. In this model, the PX domain is critical for the recruitment and binding to the endosomal
membrane; the FERM domain recruits SNX-BAR heterodimers which initiates membrane remodeling and tubule
formation necessary for transporting the cargo 12, and the PDZ domain binds to VPS26 retromer subunit and acts
as the cargo adaptor 8. Studies have shown that the disruption of either of these components impairs SNX27

dependent cargo binding and trafficking.

While the PX domain drives SNX27 membrane recruitment, structure-based analyses have shown that the
synergistic interaction of the FERM domain with the endosomal membranes also enhances localization of the
SNX27-retromer complex to the endosomes, as disrupting the FERM domain decreased the affinity between

SNX27 and the endosomal compartments (2],

The actin remodeling WASH complex, which consists of the WASH1, WASHC3, WASHC4, WASHCS5, and FAM21
subunits 22 was identified as another SNX27-retromer interacting partner, which synergistically binds to the
SNZ27-FERM domain as well as the VPS35 subunit of retromer via FAM21 [14], Upon its recruitment, the WASH
complex has shown to initiate the formation of F-actin filaments on the endosomal membranes which promotes
trafficking of cargo from endosomes to the plasma membrane directly 22!, This has been particularly observed in
the SNX27 PDZ-domain-dependent cell surface recycling of GLUTL1, as disrupting the binding of the WASH
component to the SNX27-retromer complex directed the recycling of GLUT1 to the TGN instead of the plasma
membrane 8. Therefore, this interaction may be critical for the assembly and/or regulation of the SNX27-retromer

complex.

Among the many identified PDZ-domain-containing cargoes dependent on the SNX27-retromer-mediated
endosome-to-plasma membrane recycling (see Table 1), [-2-andrenergic receptor was the very first
transmembrane protein 8. Some other cargoes include Ras, a monomeric small GTPase [&; zonula occludens 2
(202), an epithelial tight junction protein [&: and AMPA receptor X2, More recently identified cargoes include
OTULIN, a deubiquitinating enzyme, which contains a class-1 PDZ-binding motif 8. However, via X-ray
crystallography it was observed that OTULIN has a high affinity to the PDZ-VPS26 binding site in addition to the
canonical PDZ domain-binding motif interaction site (18, SNX27 interactome analysis also revealed NHE3, which
depends on the PDZ-domain interaction with SNX27 for its recycling from early endosomes to the plasma
membrane 2. In addition to maintaining NHE3 surface expression levels, SNX27 was also found to be necessary
for brush border stability as SNX27 deletion in intestinal epithelial cells reduced NHE3 basal activity. Similarly, DRA
was found to be dependent on SNX27 for its recycling to the apical plasma membrane, as shown in CaCo2
intestinal epithelial cells [22. These studies have revealed a novel function of SNX27 mediated endocytic recycling
of transmembrane proteins in the gastrointestinal tract which may be of importance in studying disease

pathogenesis.
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Target ID
B2-ar

5-HT4.a/R
GIRK2
GIRK3
PTHR
MGIuR5
FZD7
GLUT1
ATP7A
ASCT2
Ras
OTULIN
NHE3
DRA
MT1-MMP
DGK
Z0-2
AMPA
Bl-ar
SSTR5
CASP
NR2C
AQP2

B-Pix

Table 1. Identified binding partners of SNX27.
Target Name
32 adrenergic receptor
5-hydroxytryptamine type 4 receptor
G protein-gated inwardly rectifying potassium 2
G protein-gated inwardly rectifying potassium 3
Parathyroid hormone 1 receptor
Metabotropic glutamate receptor 5
Frizzled receptor 7
Glucose transporter 1
ATPase copper transporting alpha
Alanine-, serine-, cysteine-preferring transporter 2
Ras GTPase
OTU Deubiquitinase With Linear Linkage Specificity
Sodium (Na+)/hydrogen (H+) exchanger 3
Downregulated in adenoma
Membrane type 1 matrix metalloproteinase
Diacylglycerol kinase zeta
Zonula occludens 2
o-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
B1 adrenergic receptor
mouse Somatostatin receptor subtype 5
Cytohesin associated scaffolding protein
N-methyl-D-aspartate (NMDA) receptor 2C
Aguaporin 2

B-PAK-interacting exchange factor
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Target ID Target Name Ref.
Git G-protein receptor kinase interacting target (6]
MRP4 Multidrug resistance-associated protein 4 37
SorLA Sorting-related receptor with A-type repeats s8] 27, it was
s O bind to
GRP17 Gadd related protein, 17 kDa 29 (28]
\nner .

Structural analysis revealed that this interaction is mediated via the DKV motif present in the cytosolic tail of MT1-
MMP, which has shown to possess the features similar to a class-11l PDZ-binding motif, however further biophysical
studies are deemed necessary to fully understand this association 2%, This observation provides novel insights into

the possibilities of non-canonical mechanisms of SNX27 PDZ-domain interactions with its cargoes.

Overall, SNX27’s interacts with various transmembrane proteins for the maintenance of their cell surface levels and
activity. It suggests that loss of SNX27 may lead to an array of cellular dysfunction, which has been reciprocated in

vivo as SNX27 whole-body knockout mice have been shown to be embryonically lethal 411,

| 3. SNX27 and Activation of T-cells

SNX27 is found to be expressed in almost every cell type, based on the data from Human Atlas
(https://www.proteinatlas.org/ENSG00000143376-SNX27/tissue, accessed on 21 December 2022). Primarily,

SNX27 was studied in the brain—nervous system and related diseases. However, it can be believed that its role in

other organs could be equally critical.

SNX27 was found to be localized at the immune synapse (IS) in a T-cell receptor (TCR) activation dependent
manner 2. Cells of the immune system give a great example of an intricate molecular network that depends on
the endocytic recycling pathway to maintain constant communication between the intercellular components and the
extracellular environment. The plasma membrane of T-cell lymphocytes expresses several important receptors,
including TCR, which is necessary for the recognition of antigens presented by an antigen-presenting cell (APC)
3] The binding of the TCR and a recognized antigenic peptide triggers a rapid morphological change within the T-
cells causing actin remodeling and vesicular polarized trafficking of organelles towards the T cell-APC interface,
thus forming the immune synapse (IS) 44, This event is critical for sustaining intact communication between T-cell
and the APC which ensures the activation of T-cell and downstream immune responses 42l Extensive studies
revealed that T-cells maintain surface level TCR expression and other signaling components necessary for IS via

endosomal recycling pathways 481471,

Under unstimulated conditions, SNX27 is predominantly expressed on the PtdIns[1]P-rich membranes of early and
recycling endosomes, which then rapidly polarizes towards the 1S upon TCR activation 8. Structural studies have
revealed that this redistribution is mediated by the interactions between the PX and FERM domains of SNX27 with
PtdIns[1]P and PtdIns(4,5)P2/PtdIns(3,4,5)P3-enriched membranes, respectively 48149 This was further supported
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by Tello-Lafoz et al., as they showed that disruption of the FERM domain impaired SNX27 spatial distribution
during IS initiation 2],

Proteomic analysis of the SNX27 interactome in IS forming activated T-cell lymphocytes has not only confirmed the
participation of retromer and WASH complexes in SNX27-mediated polarized trafficking, but also revealed several
SNX27 interacting cargoes that are presented at the IS in a PDZ-dependent manner, e.g., diacylglycerol kinase-(
(DGKY) EI3A, TCR activation leads to the generation and accumulation of diacylglycerols (DAGSs) at the IS which
facilitates the recruitment of other signaling proteins involved in IS formation and maintenance 1. While DGKZ is a
negative regulator of DAG, its association with SNX27 prevents degeneration of DAG, thereby regulating IS
stability via SNX27-mediated DAG metabolism 8. Likewise, disrupting the SNX27-DGKUZ interaction in activated T-
cells affected downstream signaling pathways, as indicated by increased ERK phosphorylation and NF-kB
hyperactivation upon either SNX27 or DGK silencing 8152331 However, silencing of SNX27 does not affect protein
expression levels of DGK{, which suggests that the association of DGK{ with SNX27 is only necessary for its

spatial distribution and trafficking during 1S formation 23],

The identification of DGK{ and its association with SNX27 provides novel insights into DAG associated T-cell
activation. It also suggests the tissue specific role of SNX27 in immune system. Further investigation is required to
determine the extent of SNX27-mediated regulation of IS assembly and participation of other SNX27-interacting
cargoes in this process. Underlying the importance of SNX27 mediated endocytic recycling of a wide array of

transmembrane proteins with distinct functions, SNX27 is necessary for proper functioning of human health 4],

| 4. SNX27 in Neurodegenerative Disorders

The PDZ binding motif is most commonly found in proteins involved in excitatory synapses, and thus located within
regions of postsynaptic densities in the neurons B3, In the brain itself, SNX27 is found to be localized primarily
within dendrites and has been shown to regulate synaptic plasticity 28, SNX27 was first identified in the brain in an
experiment wherein metamphetamine induced stimulation of dopamine receptors caused an upregulation of
SNX27 B2, Additionally, in vivo studies have shown that SNX27 is also critical for postnatal growth and survival as
SNX27-/- mice die shortly after birth 24, Therefore, dysregulated SNX27 functioning has been reported in several

neurological and degenerative diseases, such as Alzheimer’s disease.

Multiple studies have shown enlargement of early endosomes and multivesicular bodies in brain tissues and
neurons isolated from human as well murine models of Alzheimer’s disease (AD), overall suggesting defects in
endocytic trafficking and recycling pathways [B8IBI SNX27 loss-of-function proteomic analysis has also
demonstrated that SNX27 mediates recycling of internalized AD-related protein APP, as deletion of SNX27
decreased cell surface expression levels of APP [B8l8d However, the authors of this study were unable to detect
direct binding of SNX27 to APP, suggesting the involvement of an intermediate molecule promoting SNX27/APP
interaction 281, Previously, an intracellular sorting receptor, SorLA, was identified as an APP binding protein, and
reduction in SorLA expression levels caused APP cellular redistribution B2 Therefore, functional studies looking

into the interaction between SNX27, APP and SorLA were conducted, and the results revealed that SorLA binds to
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APP as well as SNX27 and forms a ternary structural protein complex, thereby acting as the molecular link in
SNX27 mediated trafficking and recycling of APP 8],

SNX27 has also been reported to contribute towards impairment in neuronal and learning abilities in Down’s
Syndrome (DS) 3. The overall expression levels of SNX27 are shown to be downregulated in brain tissues from
human patients and murine models of DS. Interestingly, rescue studies in DS mouse model have shown that
overexpression of SNX27 reverses or corrects DS-related cognitive and synaptic impaired phenotypes B3, Further
analysis revealed that expression of SNX27 is regulated by C/EBP3, a transcription factor targeted by miR-155. It
was identified that miR-155 is a micro-RNA encoded on chromosome 21; therefore, trisomy of chromosome 21 in
DS drives up miR-155 which causes silencing of C/EBP, thereby downregulating SNX27 B2, More recently
SNX27 was shown to recycle the myelination-related protein, GRP17, which is crucial for the differentiation and
maturation of oligodendrocytes 2. Improper functioning and distribution of oligodendrocytes has been reported in
human and mouse DS as it leads to abnormalities in the white matter of the brain which increases defects in
cognitive and motor skills 62, Therefore, these studies suggest an underlying mechanism of SNX27 mediated

neuropathogenesis of DS through oligodendrocyte dysfunction.

Lastly, SNX27 has been shown to recycle AMPA and NMDA glutamate receptors 2458 Glutamate serves as the
primary neurotransmitter in the brain and therefore plays a critical role in mediating cognitive function and
excitatory synapses, both of which promote learning and motor abilities 63, Consequently, heterozygous SNX27-/+
mice appear to have learning and memory disabilities associated with a reduction in cell surface expression of
AMPA or NMDA receptors 41, Therefore, dysregulated expression of SNX27 can lead to seizures and epilepsy

among a plethora of other neurodegenerative diseases 55,
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