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Abstract

As a highly vascularized tissue, the placenta mediates gas and solute exchange between maternal
and fetal circulations. In the human placenta, the interface with maternal blood is a unique
epithelial structure known as the syncytiotrophoblast. Previously we developed a colloidal-silica
based method to generate highly enriched preparations of the apical plasma membrane of the
syncytiotrophoblast. Using similar preparations, a proteomics assessment of this important sub-
proteome has identified 340 proteins as part of this apical membrane fraction. The expression of
38 of these proteins was previously unknown in the human placental syncytiotrophoblast.
Together with previous studies, the current proteomic database expands our knowledge of the
proteome of the syncytiotrophoblast apical plasma membrane from normal placentas to include
more than 500 proteins. This database is a valuable resource for future comparisons to diseased
placentas. Additionally, this dataset provides a basis for further experimental studies of placenta
and trophoblast function.
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Introduction

The placenta plays critical roles in many physiological functions including the exchange of
nutrients, ions, water, respiratory gases, hormones, vitamins, and other key molecules
necessary for fetal development and metabolism. The interface between maternal blood and
the placenta is a specialized epithelial structure known as the syncytiotrophoblast (STB).
The STB is remarkably unique among mammalian cells in that cell-cell fusion during
gestation forms a single cell syncytium containing tens of millions of individual nuclei
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housed within a single plasma membrane [1,2]. At present, little molecular information is
available regarding the STB as it exists in native tissue, and a comprehensive analysis of the
proteins present in the apical plasma membrane of the STB does not exist.

Several proteomics studies have been carried out using placental tissue [3], but there have
only been two previous studies examining the protein composition of STB membrane
fractions [4,5]. In each of these studies, membrane fractions were obtained based upon the
preparation of crude microsomal-enriched fractions from placental homogenates from which
the apical STB membrane was further enriched following magnesium chloride treatment to
remove the basolateral membranes as described by Jimenez et al. [6]. The aim of the present
study was to provide a further analysis of the sub-cellular proteome of the apical plasma
membrane of the STB of the normal placenta from samples obtained using an alternative
sample preparation methodology. To facilitate this analysis, we developed a novel method
that utilized cationic colloidal silica (CCS) particles to isolate highly enriched preparations
of microvilli containing the apical plasma membrane [7]. Additionally, our method
incorporated extraction steps that dissociate protein-protein interactions thus further
enriching the isolated apical membrane fraction for integral membrane proteins.

The strategy of isolation of sub-proteomes, specifically plasma membranes, has been an
important component in other proteomics studies [8—10]. The utilization of CCS based
plasma membrane isolation methods in proteomics studies are limited to applications in
which the plasma membrane is readily accessible to allow coating with the silica
nanoparticles. To date, proteomics analysis of plasma membranes isolated using CCS have
been reported for various cultured cell lines [11-13], isolated primary hepatocytes [14], and
endothelial cell membranes [15-18]. In the present study, we expanded the application of
CCS methods for the isolation of plasma membranes obtained from intact tissue beyond
those reported for endothelial cells to include the syncytiotrophoblast of the human placenta.
The proteomics profiling of STB apical plasma membrane identified 340 proteins. Herein,
these proteins have been classified in several different ways including the identification of
many proteins whose expression was heretofore not known in the STB of the human
placenta.

Materials and Methods

Microscopy

The placentas used in this study, were obtained with informed consent from elective
caesarean surgeries of normal full term pregnancies following a protocol approved by the
Institutional Review Board at The Ohio State University. Freshly obtained placentas were
immediately dissected to obtain villi samples. Small pieces of tissue (~2mm) were placed
into the primary fixative [2% glutaraldehyde in 100 mM cacodylate buffer, pH 7.2,
containing 5% sucrose] for 90 min. Fixed tissue was washed prior to post-fixation with 2%
Os0Oy4 in 100 mM cacodylate buffer for 60 min. The samples were then dehydrated in
ethanol, infiltrated and embedded in Epon 812 resin as we have previously reported [19].

Preparation and analysis of samples

The handling of placental tissue, coating with CCS, fractionation steps, and immunoblot
procedures utilized to prepare and analyze the STB apical plasma membrane was described
recently [7]. The method yielded STB apical membrane samples enriched at least 1000 fold
as determined using placental alkaline phosphatase as a marker. The enriched membrane
fraction (100 pg) was solubilized in boiling 1% SDS in 10 mM Tris buffer, pH 7.4, and
separated by SDS-PAGE. Coomassie stained gels were cut into 32 equal pieces, and each
slice was processed in an Ettan Spot Handling Workstation Robot following the Ettan Spot
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Handling Workstation 2.1 User Manual from Amersham Biosciences. Digestion was carried
out after the gel bands were exposed to iodoacetamide (prepared as 15 mg/ml iodoacetamide
in 100 mM ammonium bicarbonate solution) for 30 min in the dark. Sequencing grade
modified trypsin (Promega Biosciences, Madison WI), was prepared at 5 ug/mL in 50 mM
ammonium bicarbonate, and protease digestion was carried out for 180 min. The peptides
were extracted from the polyacrylamide with 50% acetonitrile and 5% formic acid.

Capillary-liquid chromatography-nanospray tandem mass spectrometry (Nano-LC/MS/MS)
was performed on all gel pieces generated from one placental sample as well as a total of 15
additional gel slices obtained from two separate placental preparations for comparison
purposes. Samples were analyzed using a Thermo Finnigan LTQ mass spectrometer
equipped with a nanospray source operated in positive ion mode. Five microliters of each
sample was first injected on to the trapping column (LC-Packings A Dionex Co, Sunnyvale,
CA), and washed with 50 mM acetic acid. A5 ¢cm 75 mm ID ProteoPep 11 C18 column
(New Obijective, Inc. Woburn, MA) packed directly in the nanospray tip was used for
chromatographic separations. Peptides were eluted directly off the column into the LTQ
system using a gradient of acetonitrile (2-80%) in water over 50 min, with a flow rate of
300 nl/min. The MS/MS was acquired using a nanospray source operated with a spray
voltage of 3 kV and a capillary temperature of 200°C.

Sequence information from the MS/MS data were searched using Mascot Daemon by
Matrix Science version 2.3.2 (Boston, MA) and the database searched against the full
SwissProt database version 2010 _12 (523,151 sequences; 184,678,199 residues) limited to
human. The mass accuracy of the precursor ions were set to 1.8 Da given that the data was
acquired on an ion trap mass analyzer and the fragment mass accuracy was set to 0.5 Da.
Considered modifications (variable) were methionine oxidation and carbamidomethyl
cysteine. Two missed cleavages for the enzyme were permitted. A decoy database was
searched to determine the false discovery rate (FDR) and peptides were filtered according to
the FDR. Protein identifications were checked manually and proteins with a Mascot score of
40 or higher having a -b or -y ion sequence tag of five residues or better were accepted. The
resulting search results were merged using the Mascot merge option.

Database Searches

Results

Predicted protein sub-cellular localization and function were determined by searching the
Universal Protein Resource (UniProt) [20], and the Human Protein Reference Database [21]
including gene ontology annotations and literature citations contained within. In order to
determine if the identified proteins were known to be expressed in the human placenta, we
used the protein name coupled with the terms “placenta” and “syncytiotrophoblast”in the
PubMed search engine (Library of Medicine, National Institutes of Health). If no positive
results were found, or if the studies identified were in species other than human, it was
assumed that the particular protein at issue had not been detected in the human placenta.
Also, if five or less “citation hits” were obtained then those papers were examined to
determine if the actual protein had been detected and not just the mRNA.

Microscopic Examination of Human Placental Villi

The complexity of the human placenta can be appreciated by examining the microscopic
structure of the placental villus, which consists of a variety of cell types (Fig. 1A). Electron
microscopy of the villus further illustrates the structural intricacies of this organ at both the
cellular and sub-cellular levels, and shows numerous microvilli that project from the apical
surface of the STB layer (Fig. 1B). Based upon this structural organization, we modified the
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Jacobson silica pellicle method to highly enrich for the apical plasma membrane of the STB

[71.

Proteomics Analysis

We identified 340 non-redundant proteins in the apical plasma membrane fraction of the
STB (see supplemental table 1). The protein dataset includes 14 proteins that were identified
based upon a single unique peptide, since these proteins have also been reported in a
proteomics analysis of STB apical plasma membranes that were isolated using separate
methods [5]. The proteins included in our dataset were classified based upon analysis of
reported sub-cellular localization, gene ontology annotations, and literature resources
contained within the UniProt and Human Protein Reference databases. Of the proteins
identified in the apical membrane fraction obtained from the human STB, only 2% were
classified as having an unknown sub-cellular localization (Fig 2A). Of the remaining
characterized proteins, 65% could be classified as being associated with the plasma
membrane (Fig 2B), while the remaining proteins were localized primarily to the nucleus
(11%) or endoplasmic reticulum (13%), with fewer proteins localized to the Golgi apparatus
(4%), mitochondria (4%), or ribosome (2%). Of the 220 proteins classified as associated
with the plasma membrane, 95 of these (43%) could be further defined as being integral or
lipid anchored membrane proteins, while 22% were considered to be peripherally associated
with the interior of the plasma membrane (Fig 2B). When considering all 340 proteins
identified in this analysis, (44%) could be classified as integral or lipid anchored membrane
proteins (Fig 2C). Most of these transmembrane or membrane anchored proteins were
localized to the plasma membrane (64%), endoplasmic reticulum (21%), or Golgi apparatus
(5%), with the remaining 11% distributed to other sub-cellular organelles or having
unknown localization (Fig 2D).

Further analysis of those proteins classified as being membrane proteins revealed that most
were integral membrane proteins, which contained from 1 to 13 transmembrane domains
(Figure 3A and 3C). Examination of the distribution of proteins containing lipid anchors
(Fig 3B), showed that most of these proteins were associated with the plasma membrane as
would be predicted.

The molecular functions of the proteins identified in this study were classified into nine
general categories according to gene ontology annotations and literature reports (Fig 4). It is
of interest to point out that 44% of the proteins identified could be specifically classified as
having potential functional roles often attributed to plasma membrane proteins including:
vesicular trafficking (23%), cell signaling (10%), cell adhesion (6%), or membrane transport
(5%). Many of the structural and binding proteins are also likely to have functional roles in
either membrane stability or chaperone activity associated with protein folding and
unfolding within the membrane.

Ultrastructural examination of the STB reveals a cytoplasm rich in membrane bound
vesicles (Fig. 1). Considering the spatial orientation of the STB at the interface between the
maternal blood and the fetus, and the role played by the STB in transporting nutrients
necessary for fetal development, these ultrastructural characteristics are to be expected. Of
particular relevance in the STB sub-proteome data set are proteins that are functionally
classified as being involved in vesicular trafficking (Table 1). Among these proteins are
dysferlin and myoferlin, whose expression was previously unknown in the placenta prior to
the initiation of our proteomics analysis of the STB [22,23].

There have been two previous proteomics data sets generated from analysis of the STB
apical plasma membrane that was prepared using standard biochemical approaches [4,5]. In
the first of these studies by Paradela and coworkers, only 57 proteins were identified, and
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most of these were based on single unique peptide identifications [4]. A more recent study
by Zhang and coworkers [5], identified 292 proteins. A comparison of the proteins identified
in each of the studies shows that a total of 506 proteins have been identified in the proteome
of the STB apical plasma membrane identified (Fig. 5). Our dataset includes 132 proteins
that were found in at least one of the previous proteomics studies, and an additional 208
proteins not previously identified in the STB apical membrane sub-proteome. A review of
the literature showed that for 38 proteins associated with the plasma membrane, this was the
first report of their presence in the STB of the human placenta (Table 2).

We examined the placental fractions used to generate the enriched STB apical membrane
fractions by immunoblot to verify the presence of some of these previously unidentified
proteins (Figure 6). Exocyst complex 8 and flotillin 1 were both detected in the placental
fractions and enriched STB apical membrane fractions. The exocyst complex 8 protein was
highly enriched in the final STB membrane fraction in comparison to flotillin 1. These
results indicate that exocyst 8 expression is not widely distributed in other cell types within
placental tissue, but is more restricted to the STB. In contrast, flotillin is likely present in
other placental cell types, and may not be as highly expressed in the STB in comparison
(manuscript in preparation).

Discussion

Coating of exposed cell surface membranes with CCS is a useful method for isolating highly
enriched plasma membrane fractions suitable for detailed proteomics analysis [11-18]. Our
refinement of the CCS isolation method for the enrichment of the STB apical plasma
membrane [7], and the sub-proteome dataset reported here, expands the applications of this
methodology to additional tissues.

While we identified 340 proteins in this proteomics survey of the STB apical membrane, this
should not be taken as a comprehensive analysis of the apical STB microvillus brush border
membranome for a variety of reasons. First, following isolation of the CCS coated STB
membranes, the samples were exposed to a series of extraction procedures designed to
disrupt protein-protein interactions in order to strip the membranes of associated proteins
that were not integral to the membrane [7]. This treatment effectively removed ~80% of the
protein content associated with CCS coated STB microvilli. Proteomics analyses of the STB
apical membranes that were prepared from a microsomal membrane fraction [4,5], identified
166 additional proteins that were not found in the present study. It is possible that some of
the proteins detected in these previous studies may have been removed from our membrane
samples as the result of the sequential extractions prior to our proteomic analysis. Secondly,
it has been reported that at least 4-5 replicate mass spectrometry analyses are required to
achieve 95% coverage of the proteins present in 1D-gel separated samples [24], and we were
unable to fully analyze this number of replicate samples. We predict that the STB apical
membrane proteome will be further refined upon additional proteomics analysis of the CCS
coated STB microvillus membranes and the associated proteins that were extracted from the
samples as prepared for the present analysis.

A proteomics comparison of human placenta with the mouse placental labyrinth was carried
out by Cox and colleagues [25]. While complementary, their study and the present one are
not directly comparable, since different sub-proteomes were analyzed. We focused on the
apical plasma membrane of a single cell type, the STB. In contrast Cox and colleagues
generated four sub-proteomes (i.e., nuclei, mitochondria, microsomes, and cytosol)
simultaneously taken from all cell types within the tissues [25], and while they can conclude
that the identified proteins were expressed in their placental samples they cannot, at present,
know what cell type(s) express any given protein in their dataset. While we identified far
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fewer proteins than were identified by Cox and colleagues, this is to be expected since we
addressed the restricted STB sub-proteome.

Electron microscopy reveals that the cytoplasm of the STB is very complex; numerous
membrane vesicle profiles are observed suggestive of high levels of vesicular trafficking in
the STB. The proteomics screen identified several proteins that participate in various aspects
of membrane trafficking. Many of these trafficking proteins were not known to be expressed
in the human placenta. We identified several proteins associated with clathrin-dependent and
—independent endocytosis [26—30], as well as the exocyst complex [29], and exosomes [30].
Proteins of the exocyst complex have never been studied in the placenta, but may be
important in maintenance of the microvilli and the apical plasma membrane of the STB. It
has been reported that the STB of placentas from pregnancies complicated by intrauterine
growth restriction (IUGR) have less elaborate microvilli that in normal placentas [31]. It is
interesting to speculate that that expression of exocyst complex proteins may be modulated
in IUGR. In addition, we identified several non-muscle myosins and small GTPases of the
Rab family that resisted the extraction protocol applied to the isolated STB microvilli prior
to the proteomics analysis [7], and thus are considered as membrane associated in the
placenta. These myosin molecules were previously not known to be expressed in the STB of
the human placenta, and are likely to play a role in vesicular transport. Similarly, the Rab
family of small GTPases are known to regulate vesicular trafficking events, and likely play a
role in the tethering of vesicles to target membranes such as the plasma membrane [32].

As we have previously reported [3,22,23], in our preliminary proteomics analysis we
identified dysferlin and myoferlin as novel components of the STB apical plasma
membrane. Dysferlin has been shown to function as a plasma membrane repair protein in the
sarcolemma of skeletal muscle, and participates in forming a “patch” for damaged muscle
fibers [33, 34]. Additionally, myoferlin has been implicated in membrane repair in cultured
endothelial cells [35]. Since the STB exists as a syncytium, injury resulting from a breach in
the plasma membrane might be widely propagated since there are no intervening plasma
membranes between nuclei to retard the movement of injurious agents. The need for
membrane repair may also be of particular significance in the placenta as a result of the
shedding of aggregated nuclei from the apical STB plasma membrane in the form of
syntcytial knots or as a result of ischemic injury or necrosis [36]. Our data suggests that the
placenta may express more dysferlin than skeletal muscle; furthermore dysferlin is
strategically located in the apical plasma membrane of the STB where it could function in
membrane repair [22].

A major value of the present study is that it opens several avenues for future research.
Firstly, as an extensive, though not exhaustive, proteomics analysis of the apical plasma
membrane fraction of the STB it provides a basis for comparison of normal placenta and
placental disorders leading to complications of pregnancy. For example, we recently carried
out a pilot study to compare the expression of dysferlin in placentas from normal
pregnancies and severe preeclampsia. Pre-eclamptic placentas expressed significantly less
dysferlin, at both the mRNA and protein levels, than did normal placentas [37]. Two recent
proteomics studies comparing normal and pre-eclamptic tissue extracts prepared from whole
placental lysates separated by 2D-polyacrylamide gel electrophoresis have reported an
increase in apolipoprotein Al expression in the pre-eclamptic placenta [38,39]. Soluble
forms of endoglin secreted by the placenta have also been studied as a potential marker for
pre-eclampsia [40]. Interestingly, we identified both apolipoprotein Al and endoglin as
components of the STB apical membrane sub-proteome. Whether, the expression levels of
these proteins, dysferlin, apolipoprotein Al, and endoglin consistently vary in the STB
isolated from pre-eclamptic placenta will require further proteomic analysis. The clinical
relevance of these observations have not been determined, and will need additional study
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with much larger sample sizes, but further serve to illustrate the importance of defining the
composition of this important sub-proteome.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Microscopy of human placental villi. (A) Light micrograph of 1 um thick section of Epon-
embedded placental tissue that was stained with toluidine blue. Exposed surfaces of the STB
in cross-sections of villi are indicated with arrows. The lumens of capillaries, some with red
blood cells evident, are indicated (*). (B) Low-magnification electron micrograph of a thin
section through a terminal villus. Numerous microvilli project from the exposed surface of
the STB (arrows). A nucleus (N) in the STB is noted as are capillary lumens (*). Scale bars
=10 pum.
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Figure 2.

Classification of proteins identified in the apical plasma membrane of human placental
syncytiotrophoblasts. (A) Pie chart of all 340 identified proteins classified according to
known localization. (B) Pie chart of proteins with known localization classified according to
primary subcellular localization. The side bar shows a breakdown of the distributions of
proteins potentially association with the plasma membrane. Note that the numbers in the
side bar reflect the percentages with respect to total proteins with known localization. (C)
Pie chart of all identified proteins classified according to membrane association (integral/
lipid anchored, or not). (D) Pie chart of integral or lipid-anchored proteins classified
according to reported primary sub-cellular localization.

Placenta. Author manuscript; available in PMC 2013 March 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Vandré et al. Page 12

Figure 3.

Analysis of identified integral plasma membrane proteins in human placental
syncytiotrophoblast.microvilli. (A) Graph of proteins with transmembrane domains or lipid
anchors, and localization to the plasma membrane (PM) or other sub-cellular organelle
membranes. (B) Distribution of proteins with lipid anchors by type of linkage to the
membrane. (C) Distribution of integral membrane proteins by the number of transmembrane
(TM) domains.
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Figure 4.
Classification of syncytiotrophoblast proteins according to the reported function.
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Figure 5.
Comparison of the sub-proteome data set in this study with the STB apical membrane data
set of Paradela and coworkers [4] and Zhang and coworkers [5].
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Figure 6.

Immunoblots validating the presence of exocyst 8 (EXOCS) and flotillin 1 (FLOT1) in the
human placenta. (A) Detection of EXOCS in different fractions of the placenta used to
prepare the STB apical plasma membranes as described [4]. Each lane contained 25 pg of
protein from the crude tissue homogenate (CTH), low speed supernatant of the CTH (CPS),
low speed pellet of the CTH (CPP), and the final apical plasma membrane fraction of the
STB (PPM). These data indicate that EXOCS is highly enriched in the PPM compared to
other fractions including the starting material, the CTH. (B) Exocyst 8 appears to be a
relatively low abundance protein in the placenta. The indicated concentrations of CTH
protein were loaded onto the gel. As in panel A, 25 ng of CTH protein contained insufficient
amounts of Exocyst 8 to be detected using this assay, and could onlt be detected at higher
protein loads. (C) Each lane contained 25 ug of protein from the same fractions used in
panel A. FLOT1 was readily detected in all fractions including the final PPM fraction, but
was not highly enriched in the PPM fraction.
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Table 1

STB Proteins Associated With Vesicular Trafficking

Protein name

UniProt# Gene Symbol  Mol. Weight

ADP-ribosylation factor 4
ADP-ribosylation factor-like protein 8A
Annexin Al

Annexin A2

Annexin A4

AP-1 complex subunit beta-1

AP-2 complex subunit alpha-1

AP-2 complex subunit alpha-2

AP-2 complex subunit beta

AP-2 complex subunit mu

AP-3 complex subunit mu-1

B-cell receptor-associated protein 31
Calnexin

Calreticulin

CAP-Gly domain-containing linker protein 1
Charged multivesicular body protein 4b
Clathrin heavy chain 1

Coatomer subunit alpha

Coatomer subunit beta

Coatomer subunit gamma

Cytoplasmic dynein 1 heavy chain 1
Cytoskeleton-associated protein 4
Dysferlin

Exocyst complex component 2

Exocyst complex component 3

Exocyst complex component 8
Extended synaptotagmin-1

Flotillin-1

General vesicular transport factor p115
Glyceraldyde-3-phosphate dehydrogenase
Heat shock cognate 71 kDa protein
Kinesin-1 heavy chain

Kinesin-like protein KIF2A
Lysosome-associated membrane glycoprotein 1
Myoferlin

Myosin-14

Myosin-Ib

Myosin-Ic

Myosin-Id

P18085 ARF4 20,511
Q96BM9  ARL8A 21,416
P04083 ANXA1L 38,714
P07355 ANXA2 38,604
P09525 ANXA4 35,883
Q10567 AP1B1 104,607
095782 AP2A1 107,555
094973 AP2A2 103,960
P63010 AP2B1 104,553
Q96CW1  AP2M1 49,655
Q9Y2T2  AP3M1 46,939
P51572 BCAP31 27,992
P27824 CANX 67,568
P27797 CALR 48,142
P30622 CLIP1 160,990
Q9H444 CHMP4B 24,950
Q00610 CLTC 191,615
P53621 COPA 138,332
P53618 COPB1 107,142
Q9Y678 COPG 97,718
Q14204 DYNC1H1 532,406
Q07065 CKAP4 66,022
075923 DYSF 237,295
Q96KP1 EXOC2 104,066
060645 EXOC3 86,845
Q8lIYI16 EXOC8 81,799
Q9BSJ8 ESYT1 122,856
075955 FLOT1 47,355
060763 USO1 107,895
P04406 GAPDH 36,053
P11142 HSPAS8 70,898
P33176 KIF5B 109,685
000139 KIF2A 84,089
P11279 LAMP1 44,773
QINZM1  MYOF 234,709
Q72406 MYH14 228,889
043795 MYO1B 131,985
000159 MYO1C 118,038
094832 MYO1D 116,202
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Protein name UniProt# Gene Symbol  Mol. Weight
Myosin-le Q12965 MYO1E 127,041
Myosin regulatory light polypeptide 9 P24844 MYL9 19,871
PRAL family protein 3 075915 ARLGIP5 21,615
Protein kinase C and casein kinase substrate in neurons protein 3 Q9UKS6  PACSIN3 48,487
Protein RER1 015258 RER1 22,958
PTB domain-containing engulfment adapter protein 1 Q9UBP9  GULP1 34,490
Ras-related C3 botulinum toxin substrate 1 P63000 RAC1 21,450
Ras-related protein Rab-10 P61026 RAB10 22,541
Ras-related protein Rab-11B Q15907 RAB11B 24,489
Ras-related protein Rab-14 P61106 RAB14 23,897
Ras-related protein Rab-15 P59190 RAB15 24,660
Ras-related protein Rab-18 QINP72 RAB18 22,977
Ras-related protein Rab-1A P62820 RAB1A 22,678
Ras-related protein Rab-1B Q9HOU4  RABI1B 22,171
Ras-related protein Rab-2A P61019 RAB2A 23,546
Ras-related protein Rab-35 Q15286 RAB35 23,296
Ras-related protein Rab-5A P20339 RAB5A 23,659
Ras-related protein Rab-5B P61020 RAB5B 23,707
Ras-related protein Rab-5C P51148 RAB5C 23,483
Ras-related protein Rab-6A P20340 RABG6A 23,593
Ras-related protein Rab-7a P51149 RAB7A 23,490
Ras-related protein R-Ras2 P62070 RRAS2 23,613
Sorting nexin-9 QIY5X1  SNX9 66,592
Surfeit locus protein 4 015260 SURF4 30,394
Synaptosomal-associated protein 23 000161 SNAP23 23,354
Syntaxin-11 075558 STX11 33,196
Syntaxin-12 Q86Y82 STX12 31,642
Syntaxin-7 015400 STX7 29,816
Trans-Golgi network integral membrane protein 2 043493 TGOLN2 51,007
Transmembrane emp24 domain-containing protein 10 P49755 TMED10 24,976
Transmembrane emp24 domain-containing protein 9 Q9BVK6 TMED9 25,105
Tubulointerstitial nephritis antigen-like Q9GZM7  TINAGL1 52,387
Vacuolar protein sorting-associated protein 45 QINRW7  VPS45 65,077
Vesicle transport protein GOT1B Q9Y3EO0 GOLTI1B 15,426
Vesicle-associated membrane protein-associated protein A Q9POLO VAPA 27,893
Vesicle-associated membrane protein-associated protein B/C 095292 VAPB 27,228
Vesicle-trafficking protein SEC22b 075396 SEC22B 24,741
Vesicular integral-membrane protein VIP36 Q12907 LMAN2 40,229
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Proteins Associated with the Plasma Membrane Not Previously Known to be in the STB of the Human

Table 2

Protein name UniProt#  Gene Symbol  Mol. Weight
Adipocyte plasma membrane-associated protein Q9HfDC9 APMAP 46,480
Ankycorbin QI9POK7 RAI14 110,041
CAP Gly-domain containing linker protein 1 P30622 CLIP1 160,990
Cytoskeleton-associated protein 4 Q07065 CKAP4 66,022
DDB1 and CUL4-associated factor 7 P61962 DCAF7 38,926
Developmentally regulated GTP-binding protein 1 Q9Y295 DRG1 40,542
Developmentally regulated GTP-binding protein 2 P55039 DRG2 40,746
Disintegrin and metalloproteinase domain-containing protein 10 014672 ADAM10 84,142
DnaJ homology subfamily A member 1 P31689 DNAJAL 44,868
Exocyst complex component 2 Q96KP1 EXOC2 104,066
Exocyst complex component 3 060645 EXOC3 86,845
Exocyst complex component 8 QalYIl6 EXOC8 81,799
Extended synaptotagmin Q9BSJ8 ESYT1 122,856
Flotillin-1 075955 FLOT1 47,355
Kinesin-like protein KIF2A 000139 KIF2A 84,089
Metalloreductase STEAP4 Q8NFT2 STEAP4 52,518
Myosin 11 Q3MNF1 MYH11 228,090
Myosin-14 Q72406 MYH14 228,889
Myosin-Ib 043795 MYO1B 131,985
Myosin-Id 094832 MYO1D 116,202
Myosin-le Q12965 MYO1E 127,041
Myosin-regulatory light polypeptide 9 p24844 MYL9 19,871
Nck-associated protein 1-like P55160 NCKAPIL 128,215
Nicalin Q969V3 NCLN 62,974
PRAL family protein 3 075915 ARLGIP5 21,615
Prohibitin 2 Q99623 PHB2 33,296
PTB domain-containing engulfment adapter protein 1 Q9UBP9 GULP1 34,490
Ras suppressor protein 1 Q15404 RSU1 25,545
Receptor expression enhancing protein 5 Q00765 REEP5 21,493
Receptor-type tyrosine protein phosphatase delta P23468 PTPRD 215,651
Septin 7 Q16181 SEPT7 50,680
Sialic acid-binding 1g-like lectin 6 043699 SIGLEC6 48,823
Sorting nexin-9 Q9Y5X1 SNX9 66,592
Synaptophysin-like protein 1 Q16563 SYPL1 28,565
Synaptosomal-associated protein 23 000161 SNAP23 23,354
Syntaxin 7 015400 STX7 29,816
Syntaxin-12 Q86Y82 STX12 31,642
WD repeat-containing protein 37 Q9Y2I8 WDR37 54,665
Vesicle-associated membrane protein-associated protein A Q9POLO VAPA 27,893
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Protein name UniProt#  Gene Symbol  Mol. Weight
Vesicle-associated membrane protein-associated protein B/C 095292 VAPB 27,228
78 kDa glucose-regulated protein P11021 HSPA5 72,333

Placenta. Author manuscript; available in PMC 2013 March 1.

Page 19



