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Background: SNX10 and SNX11 exhibit antagonistic activity in regulating endosome vacuolation.
Results: Two additional �-helices downstream of the conventional PX domain were identified in the SNX11 crystal structure.
Conclusion: SNX11 contains an extended PX (PXe) domain critical for the inhibition of vacuolation induced by SNX10.
Significance: This study reports a novel PXe domain that may represent a new subgroup of the PX domain.

Sorting nexins are phox homology (PX) domain-containing
proteins involved in diverse intracellular endosomal trafficking
pathways. The PX domain binds to certain phosphatidylinosi-
tols and is recruited to vesicles rich in these lipids. The structure
of the PX domain is highly conserved, containing a three-
stranded �-sheet, followed by three �-helices. Here, we report
the crystal structures of truncated human SNX11 (sorting nexin
11). The structures reveal that SNX11 contains a novel PX
domain, hereby named the extendedPX (PXe) domain,with two
additional �-helices at the C terminus. We demonstrate that
these �-helices are indispensible for the in vitro functions of
SNX11. We propose that this PXe domain is present in SNX10
and is responsible for the vacuolation activity of SNX10. Thus,
this novel PXe domain constitutes a structurally and function-
ally important PX domain subfamily.

Endocytosis and intracellular protein trafficking are well reg-
ulated biological processes (1, 2). The endosomal system is crit-
ical for endocytosis and intracellular protein trafficking.
Research has shown that different components of the endo-
somal system contain distinct species of phosphatidylinositols
(PIs)2 that are able to recruit certain sorting proteins to the
specific sites of the endosome membrane (3, 4). Several PI-
binding domains have been identified, such as the pleckstrin
homology domain, the FYVE domain, the epsin N-terminal
homologue domain, and the phox homology (PX) domain (3).

The PX domain is found in yeast and mammalian proteins
and contains three N-terminal �-strands, followed by three
�-helices (3). In addition to their capability to interact with PIs,
previous research showed that some PX domains are also
involved in protein-protein interaction (5), but the mechanism
for PX domain interactionwith other proteins remains unclear.
Sorting nexins (SNXs), which are proteins that contain a PX

domain (3, 4, 6), are involved in several protein trafficking pro-
cesses. To this day, 33 SNXs have been identified. In addition to
the PX domain, most SNXs contain other recognizable
domains and have been named SNXPX-BAR or SNXPX-other. A
small number of SNXs contain only the PX domain and have
been named SNXPX, including SNX3, SNX10, SNX11, SNX12,
SNX22, and SNX24 (3).
Among the SNX family proteins, the roles of SNXPX-BAR pro-

teins (including SNX1, SNX2, SNX5, and SNX6) in protein traf-
ficking are best characterized (7–13). Recently, several SNXPX

proteins have been investigated. SNX3 was reported to be part
of a novel retromer required for the recycling of Wntless from
the membrane to the trans-Golgi network (14, 15). SNX10,
which has been reported to be involved in the homeostasis reg-
ulation of endosomes and required for primary cilial formation
(16, 17), is another SNXPX protein. Recently, SNX10 has been
reported to regulate osteoclast formation and resorption activ-
ity (18) and has been related to osteopetrosis disease (19). How-
ever, the structural basis for these SNXPX activities remains
largely unknown.
SNX11 is amember of the SNXPX family and shares the high-

est sequence homology with SNX10 among the SNXPX pro-
teins. This similarity in sequence may indicate that their func-
tions are related. In a related study, we reported that
overexpression of SNX11 inhibited SNX10-induced vacuola-
tion.3 Here, we report the crystal structure of SNX11 in two
forms. Surprisingly, we found that SNX11 contains a novel PX
domain with two additional �-helices next to the conventional
PX domain. We further demonstrate that these two additional
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�-helices are critical for SNX11 to inhibit SNX10-induced vac-
uolation in vitro. We named this functional extended PX
domain the “PXe domain.” Sequence alignment indicated that
SNX10 may also contain this novel PXe domain.

EXPERIMENTAL PROCEDURES

ProteinExpressionandPurification—HumanSNX11(hSNX11)
was cloned into pCR3.1-GFP-FLAG vectors for expression in
mammalian cells. TwohSNX11 fragments (hSNX11-142Cwith
residues 7–142 and hSNX11-170C with residues 7–170) were
constructed for the structural study. These two cDNA frag-
ments were inserted into pET-21a and verified by sequencing.
Proteins were expressed in Rosetta 2(DE3) cells grown in LB
medium. hSNX11-142C was expressed at 16 °C for 22 h after
induction with 0.3 mM isopropyl �-D-thiogalactopyranoside at
A600 � 0.6–0.8, whereas hSNX11-170Cwas expressed at 25 °C
for 14 h after induction with 0.3 mM isopropyl �-D-thiogalacto-
pyranoside at A600 � 0.6–0.8. Bacteria were collected by cen-
trifugation, washed, and resuspended in lysis buffer (20 mM

Tris-HCl (pH 8.0), 300 mM NaCl, and 7 mM �-mercaptoetha-
nol) at 4 °C. Cells were lysed by three cycles of sonication.
hSNX11-142C was purified using a Ni2� affinity column (GE
Healthcare) following standard protocols. Eluted protein was
further purified by gel filtration using a Superdex 75 column
(GE Healthcare) equilibrated against buffer containing 20 mM

MES (pH 6.5), 100 mM NaCl, and 5 mM DTT. hSNX11-170C
was purified similarly, except it was subjected to reductive
methylation (20) after the Ni2� affinity column purification.
Crystallization, Data Collection, and Structure Determi-

nation—hSNX11-142C (6.5 mg/ml) and methylated hSNX11-
170C (5.5 mg/ml) were crystallized at 293 K by the sitting-drop
vapor diffusion method using the sparse matrix crystallization
kit from Hampton Research. Crystals of hSNX11-142C were
grown from 0.2 M ammonium sulfate, 0.1 M sodium cacodylate
trihydrate (pH 6.5), and 30% PEG 8000. Crystals of methylated
hSNX11-170C appeared in 0.1 MHEPES (pH 7.5) and 20% PEG
8000. Prior to data collection, crystals were cryo-cooled using
the mother liquor with 30% PEG 400 added as the cryopro-
tectant. Diffraction data were collected at beamline BL17U1 of
the Shanghai Synchrotron Radiation Facility at 100 K with
wavelength of 0.9792 Å. Data sets were processed using the
program Mosflm (21). The structure of hSNX11-142C was
solved by molecular replacement using Grd19p (Protein Data
Bank code 1OCS) as the search model. The initial phase was
improved with DM (22). ARP/wARP (23) was used to complete
the model building. The crystal structure of methylated
hSNX11-170C was solved by molecular replacement using the
hSNX11-142C model. Buccaneer (24) was used for model
building for the hSNX11-170C structure. Structure refinement
was conducted using REFMAC5 (25). All main chain torsion
angles fall in themost favored region of theRamachandran plot.
Data collection and refinement statistics are shown in Table 1.
Protein-Lipid Overlay Assay—Protein-lipid overlay assays

were performed as described previously (26). Nitrocellulose
membranes spotted with 100 pmol of the indicated lipids were
obtained from Echelon Research. Membranes were blocked
with 5% BSA in 10 mM Tris-HCl (pH 8.0), 150 mM NaCl, and
0.1% (v/v) Tween 20 for 1 h at room temperature. Membranes

were incubated for 1 h at room temperature with 1 �g/ml His
tag fusion protein in the blocking solution. The membranes
were then washed six times for 5 min each with Tris-buffered
saline. To detect bound protein, the membranes were incu-
bated with mouse anti-His polyclonal antibody for 1 h, washed
six times for 5 min each with Tris-buffered saline, incubated
with horseradish peroxidase-conjugated rabbit anti-mouse
antibody, washed again, and finally visualized using chemilumi-
nescence substrate.
Cell Culture and Transfection—MCF-7 and HeLa cells were

cultured in RPMI 1640 medium and 10% FBS at 37 °C with 5%
CO2. Plasmids were transfected with Lipofectamine 2000 rea-
gent (Invitrogen) according to the manufacturer’s protocol.
Vacuoles induced by SNX10 were analyzed 24 h after transfec-
tion as described (17).
Western Blotting—Western blotting was performed as de-

scribed (16). Briefly, cells were lysed 50 mM Tris-HCl (pH 8.0),
200 mM NaCl, 2 mM EDTA, 1% Nonidet P-40, and protease
inhibitormixture (RocheApplied Science) and clarified by cen-
trifugation at 14,000 rpm for 5min. The supernatantswere then
mixed with SDS loading buffer and separated by SDS-PAGE.
Western blotting was performed following the standard proto-
col, and mouse anti-HA (1:1000; Beyotime) and mouse anti-
FLAG (1:5000; Sigma) antibodies were used.
Immunoblotting and Immunofluorescence Staining—Immu-

noblotting and immunofluorescence staining were performed
as described (16). The antibodies used includedmouse anti-HA

TABLE 1
Data collection and refinement statistics

hSNX11-142C hSNX11-170C

Data collection
Space group P21 P212121
Cell dimensions
a, b, c (Å) 53.48, 38.74, 73.46 40.12, 62.40, 66.06
�, �, � 90.00°, 101.13°, 90.00° 90.00°, 90.00°, 90.00°

Resolution (Å) 34.12-1.78 (1.87-1.78)a 34.29-1.60 (1.69-1.60)
Total observations 145,434 (21,005) 94,444 (13,827)
Unique reflections 27,836 (3973) 22,474 (3254)
Rsym or Rmerge

b 0.064 (0.132) 0.123 (0.521)
I/� 17.6 (9.8) 7.2 (2.8)
Completeness (%) 97.4 (96.3) 99.7 (99.8)
Redundancy 5.2 (5.3) 4.2 (4.2)
Wilson B-factor 16.8 20.5

Refinement
Resolution (Å) 34.12-1.78 34.29-1.60
No. of reflections 26,427 21,180
Rwork

c/Rfree
d (%) 18.67/22.13 18.60/23.74

No. of atoms
Protein 2146 1266
Ligand/ion 78 7
Water 247 158

B-factors
Protein 17.83 22.88
Ligand/ion 37.61 48.26
Water 27.99 35.28

r.m.s.d.e
Bond lengths (Å) 0.013 0.015
Bond angles 1.73° 1.75°

Ramachandran plot f
Most favored (%) 100 100

a The values in parentheses refer to statistics in the highest bin.
b Rmerge � �hkl�i�Ii(hkl) � �I(hkl)��/�hkl�iIi(hkl), where Ii(hkl) is the intensity of
an observation and �I(hkl)� is the mean value for its unique reflection. Summa-
tions are over all reflections.

c Rwork � �h�Fo(h) � Fc(h)�/�hFo(h), where Fo and Fc are the observed and calcu-
lated structure factor amplitudes, respectively.

d Rfree was calculated with 5% of the data excluded from the refinement.
e Root mean square deviation from ideal values.
f Categories were defined by MolProbity.
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(1:100) and Cy5-conjugated goat anti-mouse IgG (1:400; Beyo-
time). Confocal images were acquired using a Leica TCS SP2
spectral confocal system.

RESULTS

Crystal Structure of hSNX11—Two constructs of hSNX11
were generated for the structural study, one with residues
7–142 (hSNX11-142C) and the other with residues 7–170
(hSNX11-170C). hSNX11-142C crystallized in space group P21
and contains two molecules in the asymmetric unit. hSNX11-
170C crystallized in space group P212121 and contains onemol-
ecule in the asymmetric unit. The crystal structures of hSNX11-
142C and hSNX11-170C were determined at resolutions of
1.78 and 1.60Å, respectively. Both structures contain a conven-
tional PXdomain fold composed of a�-sheet with three antipa-
rallel �-strands, a helical subdomain consisting of three �-he-
lices, and a polyproline II (PPII) loop. In addition to the PX
domain, the hSNX11-142C structure contains an additional
�-helix at the C terminus from residues 132 to 140 (�4) (Fig.
1A), and the hSNX11-170C structure contains two �-helices at
the C terminus from residues 132 to 140 (�4) and from residues
147 to 156 (�5) (Fig. 1B). In the hSNX11-170C structure, no
electron density was observed after Gly-160, indicating that the
last 10 residues (positions 161–170) are very flexible.
The two molecules in the asymmetric unit of hSNX11-142C

can be superimposed with a root mean square deviation of 1.03
Å. hSNX11-170C and molecule A from hSNX11-142C can be
superimposed with a root mean square deviation of 0.99 Å. Of
the three molecules from these two structures, significant dif-
ferences are observed in the �2/�3, �1/PPII, and PPII/�2 loop
and the 310 and �4 helices (Fig. 1C). A notable difference
between these two forms of hSNX11 is that the hSNX11-142C
structure contains sulfate ions, whereas the hSNX11-170C
structure does not. This is due to the existence of ammonium
sulfate in the crystallization buffer used for hSNX11-142C but
not for hSNX11-170C.
Interestingly, hSNX11-142C forms a dimer through crystal-

lographic symmetry operation (supplemental Fig. 1). The inter-
actions involved in the dimer formation consist mainly of
hydrophobic contacts. Key residues that form hydrophobic
contacts include Trp-32, Trp-65, and Val-132. However, gel
filtration of the purified hSNX11-142C showed that it eluted as
a monomer. This indicates that the dimerization of hSNX11-

142C was probably induced by the crystallization conditions,
especially the addition of sulfate to the crystallization buffer.
PI-binding Pocket and Lipid Interaction Specificity of SNX11—

Both molecules A and B of hSNX11-142C in the asymmetric
unit contain bound sulfate ions. Analogous to the PI 3-phos-
phate (PI3P)-binding pocket of p40phox-PX (27), one sulfate ion
lies in a positively charged pocket formed by the N terminus of
�2, the �3/�1 loop, the PPII/�2 loop, and the N terminus of �2
(supplemental Fig. 2A). The sulfate forms hydrogen bonds with
the guanidino group of Arg-59 in the �3/�1 loop and the amide
group of Arg-61 and interacts with Lys-85 and Arg-99 through
water molecules. When superimposed with the PI3P-binding
pocket in the p40phox-PX structure, the bound sulfate is orien-
tated exactly at the 3-phosphate group of the PI3P in p40phox-
PX. The four residues involved in the sulfate binding in SNX11
match closely Arg-58, Arg-60, Lys-92, and Arg-105 in the
p40phox-PX structure (Fig. 2A). In addition, the side chains of
Tyr-60 from hSNX11-142C and Tyr-59 from p40phox-PX
assume the same conformation, such that a stacking interaction
with the inositol ring of PI3P is formed in the p40phox-PX struc-
ture (27).
Unlike in the hSNX11-142C structure, in the hSNX11-170C

structure, there is no bound sulfate ion in the PI-binding
pocket, and the electron density for Lys-85 and Ser-86 in the
PPII/�2 loop is unclear. Phe-88 and Phe-89 also adopt different
conformations between the two structures: in hSNX11-142C,
the side chain of Phe-88 is exposed to the solvent, whereas in
hSNX11-170C, Phe-89 is exposed to the solvent, and Phe-88 is
facing the �2 helix (supplemental Fig. 2B). The structural vari-
ation in this region infers that the PPII/�2 loop is flexible when
the PI-binding pocket is not occupied. However, sulfate ions or
membrane binding may stabilize the conformation of the
PPII/�2 loop.

It has been reported that p40phox-PX specifically interacts
with PI3P (27). Overall, the PI-binding pocket in SNX11 is
superimposable with that in p40phox-PX. However, this pocket
in SNX11 has a wider opening between the PPII/�2 loop and
the N terminus of �2 (Fig. 2A). The maximal movement of
backbone atoms in the PPII/�2 loop between the two structures
is �9Å. This indicates that SNX11 may interact with PIs con-
taining a highly phosphorylated headgroup. We next test the
interactions between SNX11 and various PIs using the lipid
overlay assay. As shown in Fig. 2B, both hSNX11-170C and

FIGURE 1. Overall structures of hSNX11-142C and hSNX11-170C. A, overall structure of hSNX11-142C. B, overall structure of hSNX11-170C. The conventional
PX region is shown in magenta, and the additional C-terminal helices are purple. C, superposition of hSNX11-142C molecule A (magenta), hSNX11-142C
molecule B (cyan), and hSNX11-170C (purple).
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full-length SNX11 interacted with PI3P and PI 3,5-bisphos-
phate (PI(3,5)P2), with slightly weaker binding to PI(3,5)P2. No
significant binding was observed for other lipids. Meanwhile,
the hSNX11-170C(R59A) mutant could not interact with any
lipids, suggesting that the conserved Arg-59 in the PI-binding
pocket of SNX11 is essential for lipid interaction. In a related
report, we also showed that SNX11 localized at both early and
late endosomes.3 This corroborates well with our lipid overlay
results showing that SNX11 can interact with PI3P and
PI(3,5)P2.
Structure of hSNX11-170C Represents a Novel PX Domain—

Currently, 17 different PX domain structures have been
reported. Their structures are very similar, with an N terminus
of three �-strands, followed by three �-helices, although their
sequences are not well conserved. Six SNXs (SNX3, SNX10,
SNX11, SNX12, SNX22, and SNX24) have been proposed to
contain only the PX domain (5). Of these proteins, the struc-
tures of Grd19p (yeast homologue of human SNX3) (28),
SNX12 (Protein Data Bank code 2CSK),4 and SNX22 (29) have
been reported, and they contain only a conventional PXdomain
without any additional structure motif.
Structure superposition showed that the crystal structure of

hSNX11-170C superposes well with Grd19p when excluding
the two �-helices (positions 132–156) at the C terminus of
hSNX11-170C (Fig. 3A and supplemental Fig. 3). As shown in
Fig. 3B, the�4 and�5helices in hSNX11-170C interactwith the
preceding conventional PX domain through hydrophilic and
hydrophobic interactions. Key residues that form hydrogen
bondswith the conventional PXdomain of SNX11 includeGlu-
136 (from �4) and Tyr-154 (from �5). Key residues involved in
hydrophobic interactions include Gln-129 (from the �3/�4
loop); Val-132, Ile-135, and V-139 (from �4); and Val-147, Ile-
151, and Leu-152 (from �5).
Multiple sequence alignment showed that the conventional

PX domain, �4, and �5 are highly conserved among SNX11

sequences from human, chicken, zebrafish, and duckbill,
whereas the sequence downstream of these two �-helices is
not conserved (Fig. 3C). The structure and sequence analysis
suggested that the conventional PX region, �4, and �5 in
SNX11 represent a novel PX domain, hereby named the PXe
domain.
The Intact PXe Domain Is Critical for SNX11 Function—In a

related report, we showed that SNX11 inhibited the enlarge-
ment of the late endosome induced by the overexpression of
SNX10.3 To investigate whether the �4 and �5 helices are
essential for the function of SNX11, wemade serial deletions in
SNX11 (Fig. 4A) and determined the activity of these deletion
mutants of SNX11. Theywere constructed in the pCR3.1 vector
with a GFP-FLAG tag at the C terminus. When cotransfected
into cells with HA-tagged SNX10, SNX11(1–156) showed full
activity in inhibiting SNX10-induced vacuole formation. This
suggests that the C-terminal region after Met-156 is not
required for SNX11 to inhibit SNX10-induced vacuolation.
SNX11(1–140) was not able to inhibit SNX10-induced vacuo-
lation (Fig. 4,B andC). However, this was not due to any change
in the expression level of SNX11(1–140), as it was not signifi-
cantly reduced (Fig. 4D). Therefore, the �5 helix is required for
the intact function of SNX11 in inhibiting SNX10-induced
vacuolation.
As shown in Fig. 3B, the �5 helix exhibits strong interaction

with the conventional PX region. The conventional PX domain
of hSNX11-170C superposed well with that of hSNX11-142C
(Fig. 1C), suggesting that the structural stability of the conven-
tional PX domain does not rely on interactionwith the�5 helix.
We then investigated whether the �5 helix is required for the
subcellular distribution of SNX11. As shown in Fig. 4E, the
subcellular distribution of SNX11(1–156) was almost identical
to that of full-length SNX11. SNX11(1–140) had a more dif-
fused distribution, and its enhanced staining was detected at
the nucleus. SNX11(1–140)-positive vesicles were detected
around the nucleus, and they co-localized well with full-length
SNX11 (Fig. 4E). In a separate report, we showed that SNX104 T. Suetake, F. Hayashi, and S. Yokoyama, unpublished data.

FIGURE 2. SNX11 interaction with PI3P and PI(3,5)P2. A, superposition of critical residues in the PI-binding pocket of hSNX11-142C and p40phox-PX. hSNX11-
142C is shown as a white surface and cyan schematic. The side chains of residues that are critical for PI binding are shown for hSNX11-142C (green) and
p40phox-PX (blue). The sulfate in the PI-binding pocket of hSNX11-142C (show as a stick model: orange for sulfur and red for oxygen) coincides with the location
of the 3-phosphate of PI3P from p40phox-PX. B, the ability of His-tagged full-length (FL) SNX11, hSNX11-170C, and hSNX11-170C(R59A) to interact with various
PIs was determined by lipid overlay assay. LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine; PE, phosphatidylethanolamine; PC, phosphatidylcholine;
S1P, sphingosine 1-phosphate; PI(3,4,5)P3, PI 3,4,5-trisphosphate; PA, phosphatidic acid; PS, phosphatidylserine.
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and SNX11 co-localized at small vesicles with Rab7.3 Here, we
observed that SNX11(1–140) or SNX11(1–156) also co-local-
ized with SNX10 in the Rab7-positive vesicles (Fig. 4F). Thus, it
is not likely that the loss of inhibitory activity of SNX11(1–140)
in SNX10-induced vacuolation was caused by the misdistribu-
tion or the instability of the protein.
To further verify that the �4 helix is important for the function

of SNX11, we generated a mutation on the �4 helix of full-length
SNX11, termedSNX11m4 (135IEACV139 toAAAAA) (Fig. 5A). As
shown in Fig. 5 (B and C), SNX11m4 was not able to inhibit
SNX10-induced vacuolation. As Ile-135, Glu-136, and Val-139
are involved in the interaction with the conversional PX
domain of SNX11 (Fig. 3B), it was necessary to determine
whether or not SNX11m4 had any change in protein stability
and subcellular distribution. As shown in Fig. 5D, SNX11m4

also co-localized well with SNX10. This confirmed that the loss
of activity in SNX11m4 was not due to a failure in correct sub-
cellular localization.
Taken together, these results demonstrate that the additional

two�-helices are essential for SNX11 to inhibit the vacuolation
induced by SNX10. The �5 and �4 helices are required for the
unique function of the PXe domain.
SNX10 May Also Contain the Functional PXe Domain—Of

the SNXPX proteins, SNX3, SNX10, and SNX12 share high
sequence homology with SNX11 (4). We next investigated,
by sequence analysis, if this novel PXe domain exists in other
SNXPX proteins. Sequence alignment showed that SNX3,
SNX10, SNX11, and SNX12 share high homology in the con-
ventional PX domain. However, of the SNXPX proteins, only
the downstream region (residues 123–153) of the putative

FIGURE 3. Novel PXe domain of SNX11. A, superposition of hSNX11-170C with Grd19p (Protein Data Bank code 1OCS). Grd19p is colored green. SNX11 is
colored as in Fig. 1A. B, interactions between the conventional PX domain (magenta) and the two C-terminal �-helices (purple). Key residues involved in the
interaction are shown as sticks. C, multiple sequence alignment of SNX11 from different species. The conventional PX domain is boxed with green lines.
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FIGURE 4. The �5 helix is required for SNX11 activity. A, SNX11 deletion constructs used in this study. B, full-length SNX11 or SNX11(1–156), but not SNX11(1–140),
inhibited SNX10-induced vacuolation. p � 0.001 for SNX11 and SNX11(1–156). C, statistical analysis of B. D, Western blot analysis of the protein expression levels of
wild-type and mutant SNX11 proteins. IB, immunoblot. V1D (D subunit of V-ATPase) was used as the expression control. E, co-localization of various GFP-tagged SNX11
mutants with mCherry-tagged full-length SNX11. They localized to the same vesicles. White arrows point to SNX11- and SNX11(1–156)/SNX11(1–140)-containing
endosomes. F, both SNX11(1–156) and SNX11(1–140) co-localized with SNX10 to Rab7-positive vesicles. White arrows point to SNX11(1–156)/SNX11(1–140)-, SNX10-,
and Rab7-containing endosomes. Cyan arrows point to large vesicles caused by SNX10 overexpression.

FIGURE 5. The �4 helix is required for SNX11 activity. A, multiple sequence alignment of SNXPX proteins. The secondary structure elements and residue positions of
hSNX11-170C are shown on top. The regions containing the highly conserved residues downstream of the PX domain between SNX10 and SNX11 are boxed with
purple lines. Residues highlighted in yellow were mutated to Ala for full-length SNX11, and the SNX11 mutant was named SNX11m4. B, expression levels of SNX11m4

constructs as determined by Western blotting. IB, immunoblot. V1D (D subunit of V-ATPase) was used as the expression control. C, SNX11m4 could not inhibit
SNX10-induced vacuolation. D, SNX11m4 and wild-type SNX11 co-localized well with SNX10. Cyan arrows point to large vesicles caused by SNX10 overexpression.
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SNX10 PX domain shares high homology with SNX11 in the
corresponding region (�4 and �5) (Fig. 5A). This strongly indi-
cates that SNX10 is the only other SNXPX protein thatmay also
contain the same novel PXe domain with the additional two
�-helices downstream of the conventional PX domain.

Our previous results showed that SNX10(1–153) is the min-
imal functional domain required for the vacuolation activity
exhibited in full-length SNX10, whereas SNX10(1–122) and
SNX10(1–143) are inactive (30). This corroborates with our
current hypothesis that the PXe domain is a functional domain
in SNX10 and is essential for the activity of SNX10.

DISCUSSION

The PX domain (containing three �-strands, followed by
three �-helices) is well characterized as a PI-binding motif. It
mediates the targeting of PX domain-containing proteinss to
the membrane. SNXs are proteins that contain the PX domain
and are involved in protein trafficking. Most SNXs contain
other domains in addition to the PX domain, whereas some
SNXs contain only the PX domain (SNXPX, including SNX3,
SNX10, SNX11, SNX12, SNX22, and SNX24). Besides mem-
brane binding, the PX domain in SNXPX may play additional
functional roles. Of the SNXPX proteins, SNX11 and SNX10
share the highest homology and are proposed to regulate endo-
somemorphology,3 but the structural basis for their function is
largely unknown.
To better understand the PX domain in SNXPX proteins and

to investigate the structure-function relationship of the two
SNXPX proteins SNX10 and SNX11, we carried out a structural
study of SNX11.We successfully obtained the structures of two
forms of hSNX11 (hSNX11-142C and hSNX11-170C). The
hSNX11-170C structure reveals a novel PXe domain with two
additional �-helices downstream of the conventional PX
domain. We systematically analyzed this motif in all SNXPX

family proteins and found that it is present in SNX10 and
SNX11, but not in any other SNXPX family members.
In this study, we further verified that this intact PXe domain

is critical for the activity of SNX11. It is interesting to note that
SNX10 also requires this PXe domain to be active, whereas
partial removal of this motif reduces the vacuolation activity
(30). These results suggest that the PXe domain is both struc-
turally and functionally significant.
With SNX10 and SNX11 sharing this unique PXe domain, it

is intriguing how SNX11 acts as an antagonist of the SNX10
function in endosome vacuolation. We speculate that they
share a common partner using the PXe domain, and through
competitive binding to the partner, SNX11 will then inhibit the
function of SNX10. Further study to determine the protein
partner and the complex structure is needed for clarification.
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