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Abstract
Signal transduction pathways are tightly controlled by positive and negative regulators. We have
previously identified Odin (also known as ankyrin repeat and sterile alpha motif domain
containing 1A; gene symbol AKNS1A) as a negative regulator of growth factor signaling;
however, the mechanisms through which Odin regulates these pathways remain to be elucidated.
To determine how Odin negatively regulates growth factor signaling, we undertook a proteomic
approach to systematically identify proteins that interact with Odin using the SILAC strategy. In
this study, we identified 18 molecules that were specifically associated in a protein complex with
Odin. Our study established that the complete family of 14-3-3 proteins occur in a protein
complex with Odin, which is also supported by earlier reports that identified a few members of the
14-3-3 family as Odin interactors. Among the novel protein interactors of Odin were CD2-
associated protein, SH3 domain kinase binding protein 1 and DAB2 interacting protein. We
confirmed 8 of the eighteen interactions identified in the Odin protein complex by co-
immunoprecipitation experiments. Finally, a literature-based network analysis revealed that Odin
interacting partners are involved in various cellular processes, some of which are key molecules in
regulating receptor endocytosis.
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1. Introduction
Receptor tyrosine kinases (RTKs) are a large family of transmembrane receptors that
contain a tyrosine kinase domain in their cytoplasmic domains. Oligomerization of RTKs
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induces transphosphorylation of their cytoplasmic domains, which leads to activation of
their tyrosine kinase activity. Phosphorylated tyrosine residues on downstream molecules
serve as docking sites for other cytoplasmic signaling molecules containing phosphotyrosine
binding domains such as SH2 and PTB domains to form multimeric protein complexes.

The activation of RTKs induced by ligand binding is tightly controlled by ‘positive’ and
‘negative’ regulatory mechanisms. One such negative mechanism is removal of activated
RTKs from the cell surface by the process of endocytosis in which the Cbl family of E3
ubiquitin ligases and other adapter proteins play a key role. Cbl contains an SH2 domain that
binds to phosphotyrosine residues on activated RTKs and a RING finger domain that is
responsible for ubiquitination of the RTKs. Cbl also serves as a scaffold protein to recruit
other adapter proteins such as CD2-associated protein (CD2AP) and SH3 domain kinase
binding protein 1 (SH3KBP1) in close proximity of RTKs. Endophilins, pre-associated with
SH3KBP1, regulate clathrin-coated vesicles that can induce negative curvature and
invagination of the plasma membrane during the early step of RTK internalization. This
mechanism has been observed during internalization of several RTKs, including EGFR,
PDGFR, c-Met and c-Kit [1–3]. Internalized RTKs are sorted into multivesicular bodies and
targeted for endosomal degradation. Overall, the negative regulatory pathways of RTKs that
attenuate and terminate signals have not been studied well.

Using a mass spectrometry-based proteomic approach, we previously identified a number of
signaling molecules undergoing tyrosine phosphorylation in the EGFR signaling pathway,
including Odin [4–6]. Odin is a ubiquitously expressed 130 kDa cytosolic protein that
contains six ankyrin repeat domains at its N-terminus, two sterile alpha motifs (SAM) and a
phosphotyrosine binding domain (PTB) at its C-terminus. Our group has previously shown
that overexpression of Odin causes inhibition of c-Fos promoter activity and that
microinjection of Odin cDNA into NIH3T3 cells inhibits PDGF-induced mitogenesis [5].
We have also examined the effects of loss of expression of Odin by generating Odin-
deficient mice. Although, Odin-deficient mice do not display any obvious phenotype, mouse
embryonic fibroblasts (MEFs) generated from these mice exhibit a hyperproliferative
phenotype compared to wild-type-derived MEFs [7] implicating Odin as a negative
regulator in growth factor signaling. More recently, Odin was identified as a downstream
scaffold protein in EphA receptor signaling and suggested to play a pivotal role in EphA
receptor signaling [8, 9]. However, the molecular mechanisms by which Odin affects
cellular proliferation/growth mediated by RTK signaling are still poorly characterized.

Stable isotope labeling by amino acids in cell culture (SILAC) has been previously used to
identify specific protein-protein interactions [10–12]. The advantages of the SILAC method
are that it not only uses mass spectrometry for comprehensive identification of protein
complexes but can also allows differentiation of true interacting proteins from proteins that
bind non-specifically. To better understand the function of Odin, we employed a SILAC-
based proteomic approach to characterize the interactome of Odin in activated EGFR
signaling. Our quantitative mass spectrometric analysis identified 18 out of 193 proteins as
true interacting partners of Odin. Further, Western blotting results confirmed eight protein-
protein interactions. By searching Human Protein Reference Database (HPRD) [13, 14] for
known interactions among 18 novel protein interactors of Odin, we constructed an
interaction network of the Odin protein complex, in which several Odin interacting partners
also bind to each other. This literature-based functional analysis also revealed that proteins
involved in endocytosis are enriched in the Odin protein complex suggesting that Odin may
play a role in endocytosis of EGFR as a negative regulator.
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2. Materials and Methods
2.1. Reagents

Stable isotope containing amino acids, 13 C6-arginine and 13C6-lysine, were purchased from
Cambridge Isotope Laboratories (Andover, MA, USA). Arginine and lysine-free Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serum (FBS) and antibiotics (Pen Strep)
were purchased from Invitrogen (Carlsbad, CA, USA). Protein G agarose beads, anti-FLAG
M2 affinity gel, mouse monoclonal anti-FLAG M2-Peroxidase (HRP) antibody and FLAG
peptides were purchased from Sigma-Aldrich (St. Louis, MO, USA). Sequencing grade
modified porcine trypsin was purchased from Promega (Madison, WI, USA). Antibodies
against 14-3-3γ (sc-731), 14-3-3ζ (sc-1019), 14-3-3ε (sc-1020), CD2AP (sc-9137), talin
(sc-7534), heat shock 70kDa protein 9 (GRP75, sc-13967) and EGFR (sc-03) were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against
SH3KBP1 (CIN85, Cat#231006) were purchased from CALBIOCHEM. Antibodies against
ARHGAP10 (PSGAP) were gifts from Dr. Wen-Cheng Xiong [15]. Wild type (WT) and
kinase dead mutant (KD, K745M) EGFR were gifts from Dr. Philip Cole.

2.2. Stable isotope labeling by amino acids in cell culture
Two sets of human embryonic kidney 293T (HEK 293T) cells were cultured in Dulbecco’s
modified Eagle’s medium containing light (12C6-arginine and 12C6-lysine) or heavy (13C6-
arginine and 13C6-lysine) amino acid supplemented with 10% FBS plus antibiotics,
separately. For each set, 20 of 10-cm dishes of HEK 293T cells were used. The set grown in
light medium was transfected with human EGF receptor and empty vector (pCMV-Tag4A)
while the set grown in heavy medium was transfected with human EGF receptor and FLAG
tagged Odin (in pCMV-Tag4A) using a Lipofectamine 2000 transient transfection kit
(Invitrogen). Twenty four hours after transfection, both sets of HEK 293T cells were starved
for 18 hours in serum-free DMEM and lysed in lysis buffer (50 mM Tris pH 7.4, 150 mM
NaCl, 1% N-octylglucoside, 1 mM sodium orthovanadate) in the presence of cocktail
protease inhibitors (Roche).

2.3. Immunoprecipitation for mass spectrometry analysis
The protein concentration of the lysates from both sets of cells was measured by Lowry
method. Equal amounts of light and heavy lysates were precleared using Protein G-agarose
beads (Sigma), filtered through a 0.45 μm sterile filter and incubated with anti-FLAG
affinity gel for 6 hours, separately. After washing, the immunoprecipitates from both sets
were mixed and the bound proteins were eluted using 1 mg/ml FLAG peptides (Sigma). The
eluates were dialyzed, concentrated and resolved by 10% SDS-PAGE. The gel was stained
using a colloidal blue staining kit (Invitrogen).

2.4. Liquid chromatography tandem mass spectrometry and data analysis
The colloidal blue stained gel was excised into 36 bands and each band was processed using
an in-gel trypsin digestion protocol as described previously [16]. The resulting peptides were
extracted and analyzed by reversed phase liquid chromatography tandem mass spectrometry
(LC-MS/MS). Briefly, the peptides were injected into an in-house prepared trap column (2
cm long, 75 μm inner diameter) packed with C18 particles (ODS-A YMC, 5–10 μm, 120 Å),
using an Agilent 1100 autosampler (Agilent Technologies, Palo Alto, CA). The peptides
were eluted from the trap column onto an analytical column (2 cm long, 75 μm inner
diameter) packed with C18 particles (ODS-A YMC, 5 μm, 120 Å), using a 5–60%
acetonitrile gradient and analyzed on a QSTAR Pulsar mass spectrometer (Applied
Biosystems/MDS Sciex, Foster City, CA). The mass spectrometric data were searched by
the Mascot search engine (Matrix Science, Boston, MA) against the RefSeq database
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(version 22) downloaded from National Center for Biotechnology Information. The search
parameters included a maximum of one missed cleavage; carbamidomethylation of cysteine
as a fixed modification; N-terminal acetylation; oxidation of methionine, phosphorylation of
serine, threonine and tyrosine as variable modifications; monoisotopic peptide tolerance of
±0.5 Da; MS/MS tolerance of ±0.3 Da. For all protein identifications, an FDR cutoff of 1%
was used. Fold changes of peptides were quantitated by using MSQuant (version 1.4.3a39)
[17] and further verified by manual interpretation of MS spectra.

2.4. Immunoprecipitation and Western blot analysis
HEK 293T cells were transfected with empty vector or Odin expression vector using a
Lipofectamine 2000 transient transfection kit (Invitrogen). Twenty four hours after
transfection, cells were starved for 18 hours in serum-free DMEM and lysed in lysis buffer.
Cell lysates were subjected to immunoprecipitation by incubation with anti-FLAG affinity
gel for 6 hours. The immunoprecipitates were washed three times and boiled in SDS-PAGE
sample buffer with β-mercaptoethanol for 5 min. The eluted immunoprecipitates were
resolved by NuPAGE 4–12% Bis-Tris gel (Invitrogen). Proteins in the gel were transferred
onto nitrocellulose membrane. After blocking with 5% nonfat dry milk in PBS-T buffer, the
membranes were incubated with the relevant primary antibodies overnight at 4°C and
probed using the corresponding HRP-conjugated secondary antibodies. All films were
developed with ECL reagents (Amersham Bioscience).

3. Results and Discussion
3.1 Odin undergoes tyrosine phosphorylation in receptor tyrosine kinase signaling

Odin has previously been shown to undergo tyrosine phosphorylation upon EGF or PDGF
stimulation and to play an inhibitory role in PDGF-mediated cellular proliferation [5, 7]. We
first examined the tyrosine phosphorylation of Odin in HEK 293T cells in response to RTK
signaling. Odin was coexpressed with wild type (WT) or kinase dead (KD, K745M) EGFR
by transient transfection. As shown in Figure 1A, overexpression of WT, but not KD, EGFR
induced changes in the tyrosine phosphorylation profile of the whole cell lysates. Odin was
subjected to immunoprecipitation and the tyrosine phosphorylation status of Odin was
examined by Western blotting with anti-phosphotyrosine antibodies. As shown in Figure 1B,
and consistent with our previous data [5], WT but not KD EGFR induced tyrosine
phosphorylation of Odin. These results confirmed that Odin was phosphorylated on tyrosine
residues in activated RTK signaling. We used this system to study the interactome of
tyrosine phosphorylated Odin in EGFR signaling.

3.2. A proteomic screen of Odin interacting partners using the SILAC strategy
MS-based identification of protein complexes, although a powerful approach to analyze
protein-protein interactions, can generate false positive results because proteins non-
specifically bound to antibodies or agarose matrix usually co-purify with the ‘bait’ protein.
To selectively identify proteins that interact with Odin, we employed a SILAC-based
quantitative proteomic approach to carry out one affinity purification experiment for the
Odin protein complex. The basic principle of this approach is illustrated in Figure 2. Two
populations of HEK 293T cells were grown in either light or heavy medium. Cells grown in
the heavy medium were transfected with Odin while those grown in the light medium were
transfected with empty vector. Both populations of cells were transfected with EGFR to
activate the EGF signaling pathway. Twenty four hours after transfection, proteins occurring
in a complex with Odin were isolated by immunoprecipitation and resolved by SDS-PAGE
as described in the Materials and Methods section. The proteins were subjected to in-gel
digestion followed by LC-MS/MS analysis as described in the Materials and Methods
section.
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The acquired MS spectra were searched against NCBI RefSeq databases using the Mascot
search engine. By using 1% FDR as a cutoff, we identified 927 unique peptides that led to
the identification 194 proteins including Odin in the immunoprecipitates after affinity
purification of Odin (Supplementary Table 1). As expected and shown in Figure 3, Odin was
completely labeled with heavy amino acids as evidenced by the lack of light version of
peptides. Additionally, two known phosphorylation sites on Odin (Ser 647/Ser 663) [18, 19]
were also detected (Figure 4). By using MSQuant, we carried out relative quantitation
analysis of each peptide (Supplementary Table 1) and obtained the quantitation of the
corresponding proteins (Supplementary Table 2). We only considered proteins where only
the heavy amino acid labeled peptides were detected as components of the Odin protein
complex and ignored cases where an observable signal existed for the light amino acid
labeled peptides. The proteins that satisfied our criteria are listed in Table 1. The MS
spectrum of one representative peptide from one protein in this category, CD2 associated
protein, is shown in Figure 5A and its MS/MS spectrum in Figure 5B. Proteins where both
heavy and light amino acid labeled peptides (Supplementary Table 2) were detected are
likely to be contaminating proteins which bind to antibodies and/or the agarose matrix non-
specifically. The MS spectrum of one representative peptide from one protein in this
category, ribosomal protein S7, is shown in Figure 5C and its MS/MS spectrum in Figure
5D. We also identified proteins where only light amino acid labeled peptides were detected
(Supplementary Table 1 and 2). These proteins are exogenous contaminating proteins and
are mostly keratins.

3.3. Constituents of the Odin protein complex identified in this study
In all, we identified 18 proteins that specifically associated with Odin (Table 1). First we
searched HPRD for known interactions among these Odin interactors [13, 14] and
constructed an interaction network in the Odin protein complex. As shown in Figure 6, the
known interactions among the Odin interacting molecules are shown by black lines whereas
16 novel interactions identified in this study are indicated by red lines. Further, for each one
of these proteins, we carried out an extensive literature curation to determine whether they
have previously been demonstrated to play a role in RTK signaling. Below, we will briefly
describe the known functions of some of these proteins.

CD2-associated protein and SH3 domain kinase binding protein 1 both belong to a family of
adapter proteins, which contain three SH3 domains, a proline-rich region and a coiled-coil
domain. These molecules bind to numerous proteins and serve to organize protein
interaction networks in a signaling-specific manner in diverse biological processes, such as
T-cell activation [20] and apoptosis [21]. As shown in Figure 6, CD2AP and SH3KBP1
have been shown to bind to each other. Both CD2AP and SH3KBP1 are also important in
regulation of RTK signaling by modulating receptor endocytosis. Specifically, in EGFR
signaling, the Cbl family of ubiquitin ligases are recruited to activated EGFR, leading to
translocation of CD2AP and SH3KBP1 close to EGFR thereby promoting its internalization
[1]. This internalization mechanism has also been observed in other RTK signaling
pathways, including PDGFR, c-Met and c-Kit [2, 3]. Endocytosis of RTK also involves
regulation of cytoskeleton. F-actin capping protein regulates growth of the actin filament by
capping the barbed end of growing actin filaments. We identified the beta subunit of F-actin
capping protein (CAPZB) as an interacting protein of Odin. Interestingly, it has previously
been shown that CD2AP and SH3KBP1 also interact with various subunits of F-actin
capping protein including CAPZB [22]. VAMP (vesicle-associated membrane protein)-
associated protein A (VAPA) is a type IV membrane protein present in the plasma
membrane and in intracellular vesicles. We identified VAPA as an interacting protein of
Odin. It has previously been proposed to be involved in vesicle fusion during cargo transport
in cells [23–25]. Rho GTPase activating protein 10 (ARHGAP10) is a RhoGAP domain-
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containing protein, which is implicated in Arf1-mediated and dynamin- and clathrin-
independent endocytosis [26, 27]. Previous proteomic analysis identified ARHGAP10 as a
component of the 14-3-3 protein complexes (Figure 6) [28]. Taken together, identification of
several of these endocytosis-related molecules as interacting proteins of Odin in EGF
receptor signaling strongly suggests that Odin may play a role in endocytosis of activated
RTKs.

14-3-3 adapter proteins are highly conserved proteins expressed in a wide range of
organisms and tissues. Seven members have been described for this protein family – β, γ, ε,
ζ, σ, θ and η. These proteins can assemble into homo- or hetero-dimers, as demonstrated in
Figure 6. A survey of proteins that interact with 14-3-3 proteins [13, 29] reveals that they
interact with a wide range of protein kinases, phosphatases and other signaling proteins. In
fact, recent proteomic studies have led to the discovery of >200 proteins that interact with
the 14-3-3 proteins [28, 30–32]. Notably, Odin has previously been identified as an
interacting protein of 14-3-3 γ and σ [30, 31]. In our studies, all seven members of the
14-3-3 adapter protein family were found to be specifically associated with the Odin protein
complex. Phosphorylation plays a regulatory role in the assembly of the 14-3-3 proteins
complexes. Muslin et al. first demonstrated that phosphorylation of target proteins is critical
for 14-3-3 binding [33]. Yaffe and colleagues further identified two 14-3-3 protein binding
motifs: RSXpSXP (mode I) and RXY/FXpSXP (mode II) (pS refers to phosphoserine) [34].
Recent studies have expanded this list of 14-3-3 protein binding motifs [35–37].
Interestingly, using Phosphomotif Finder [38], we discovered that one known
phosphorylation site on Odin (Ser 647), also identified in our study, was localized to a
14-3-3 binding motif, RXXpS. Thus, through binding to 14-3-3 proteins, Odin may play a
role in various biological process not limited to RTK signaling.

RAS protein activator like 2 (RASAL2) and DAB2 interacting protein (DAB2IP) have a
similar domain structure and contain a RAS GTPase activating domain (RASGAP), a
Pleckstrin homology domain (PH) and a Protein kinase C conserved region 2. As RASGAP-
containing proteins, they are thought to accelerate the intrinsic RAS GTPase activity after
RAS activation, thus switching off RAS activity and negatively regulating RAS signaling.
Previous studies have implicated DAB2IP as a putative prostate tumor suppressor gene in
aggressive prostate cancer [39, 40]. Functional analyses in cell lines have shown that loss of
DAB2IP initiates epithelial-to-mesenchymal transition [41] and that overexpressed DAB2IP
is a potent growth inhibitor and proapoptotic in response to stress [42]. Although the roles of
these molecules in RTK signaling have not been explored fully, the identification of their
interactions with Odin may expand our understanding of Odin as well as these molecules.
Previous proteomic studies have also identified RASAL2 as an interactor of 14-3-3 proteins
(indicated by a black line in Figure 6) [28, 31], further demonstrating the success of our
proteomic strategy in identifying the relevant members of the Odin protein complex.

Other proteins that were identified as members of the Odin protein complex were: talin 2,
uveal antoantigen, GART, and mortalin (also known as heat shock 70 kDa protein 9). Talin
2 is a cytoskeleton binding protein. Uveal autoantigen is a less characterized protein that
also contains ankyrin repeats domains and may also serve as an adapter protein in signal
transduction. The protein encoded by GART is a trifunctional enzyme that has
phosphoribosylglycinamide formyltransferase, phosphoribosylglycinamide synthetase, and
phosphoribosylaminoimidazole synthetase activities which are required for de novo purine
biosynthesis. This protein is also highly conserved across the vertebrates. Mortalin is a heat-
shock cognate protein and localized in mitochondria, the endoplasmic reticulum, the plasma
membrane and cytoplasmic vesicles. This protein also interacts with 14-3-3γ [31].
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3.4. Validation of novel interactions in the Odin protein complex
Eight interactions in the Odin protein complex identified in this study were selected based
on the availability of antibodies and analyzed further for their ability to form a protein
complex with Odin. Protein-protein interactions were examined by co-immunoprecipitation
and Western blotting experiments. After affinity purification of Odin, immunoprecipitates
were probed by Western blotting with antibodies against the identified proteins. As
expected, CD2AP, SH3KBP1, talin 2, mortalin, ARHGAP10, 14-3-3γ, ε and ζ can be
detected only in the immunoprecipitates containing Odin (Figure 7). As shown in Figure 7,
Western blotting results confirmed the equal loading of proteins. These results further
confirmed our identification of these proteins that interact with Odin.

4. Conclusions
Adapter proteins contain domains/motifs that mediate protein-protein interactions to form
multimeric protein complexes. They play an important role in the regulation of RTK
signaling by serving as scaffolds for protein complexes induced by ligand binding to RTK.
Odin, previously identified as a tyrosine phosphoprotein, is a negative regulator of growth
factor signaling. As an adapter protein, it contains three major domains/motifs - six ankyrin
repeat domains, two sterile alpha motifs (SAM) and a phosphotyrosine binding domain
(PTB) - that mediate its interaction with other signal molecules in growth factor signaling.
Characterization of interactome of Odin may help understand the mechanisms through
which signal transduction pathways are negatively regulated. Here, we report a targeted
quantitative proteomic analysis to identify interacting proteins of Odin in activated EGFR
signaling. Our quantitative proteomic results revealed 18 interacting proteins of Odin.
Western blotting validated 8 protein-protein interactions out of 18 that were detected by
mass spectrometry. Literature-derived interaction information from HPRD showed that
some components in the Odin protein complex were also highly connected via protein-
protein interactions. An extensive literature-based functional analysis revealed that the
components in the Odin protein complex are involved in various cellular processes. It is
known that internalization of activated RTKs and their subsequent delivery to lysosome for
degradation play key roles in attenuating RTK-mediated signaling cascades. Among Odin
interaction partners, CD2AP and SH3KBP1 are known to play key roles in endocytosis of
activated RTKs; ARHGAP10 is an important RhoGTPase in endocytosis and CAPZB and
VAPA are important cytoskeletal proteins. Therefore, our studies indicate that Odin may
play a role in endocytosis of activated RTK as a negative regulator, which could be directly
addressed by experimental studies in the future.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Supplementary data associated with this article can be found, in the online version.
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Figure 1.
Tyrosine phosphorylation of Odin is induced by EGFR signaling. (A) Wild type (WT) but
not kinase dead (KD) EGFR, induces tyrosine phosphorylation. Tyrosine phosphorylation
status of HEK 293T cells expressing proteins the indicated constructs was assessed by
Western blotting with anti-phosphotyrosine antibodies (4G10). The level of expression of
WT and KD EGFR was determined by using anti-EGFR antibodies (bottom panel). (B)
Odin is tyrosine phosphorylated in WT but not KD EGFR-expressing cells. Odin was
immunoprecipitated from HEK 293T cells expressing the EGFR constructs as indicated in
the figure. Tyrosine phosphorylation of Odin was assessed by Western blotting with anti-
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phosphotyrosine antibodies (4G10) and the total amount of Odin was detected by reprobing
the membrane with anti-FLAG antibodies.
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Figure 2.
A schematic illustration of the SILAC methodology to identify proteins in a protein complex
with Odin. Cells grown in light medium were transfected with human EGFR and empty
vector as control while cells grown in heavy medium were transfected with human EGFR
and FLAG-tagged Odin. Cell lysates were subjected to immunoprecipitation using anti-
FLAG antibodies. After washing, the immunoprecipitates were mixed, and the bound
proteins were eluted by FLAG peptides. The proteins were resolved by SDS-PAGE. The gel
was stained and the protein bands excised, digested with trypsin, and analyzed by LC-MS/
MS. The absence of light MS ion peak indicates a true protein interactor of Odin.
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Figure 3.
Odin expression is confirmed by heavy SILAC label. MS spectra of two representative
peptides from Odin are shown in panels A and C. Panels B and D show the corresponding
MS/MS spectra along with the peptide sequence. * indicates 13C6-Lys or 13C6-Arg.
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Figure 4.
Two serine phosphorylation sites identified in Odin. MS spectra of two phosphopeptides
from Odin are shown in panels A and C. Panels B and D show the corresponding MS/MS
spectra along with the peptide sequence. pS refers to phosphoserine. * indicates 13C6-Lys
or 13C6-Arg.
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Figure 5.
Proteins identified by the SILAC strategy. MS (panel A) and MS/MS (panel B) spectra of a
representative peptide, SVDFDSLTVR, from CD2 associated protein are shown. MS (panel
C) and MS/MS (panel D) spectra of a representative peptide, AIIIFVPVPQLK, from
ribosomal protein S7 are shown. * indicates 13C6-Lys or 13C6-Arg.
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Figure 6.
A schematic illustration of interactome network of Odin. Protein-protein interactions
indicated by black lines were those reported in the literature. Novel protein-protein
interactions indicated by red lines indicate the proteins identified as components of the Odin
protein complex in this study.
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Figure 7.
Validation of protein-protein interactions by co-immunoprecipitation experiments. The Odin
protein complex was harvested by immunoprecipitation with anti-FLAG antibodies. The cell
lysates and corresponding immunoprecipitates were resolved by SDS-PAGE and probed
with antibodies against talin 2 (A), SH3KBP1 (B), CD2AP (C), ARHGAP10 (D), mortalin
(E), 14-3-3ε (F), ζ (G) and γ (H).
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