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Abstract

Phosphatidylethanolamine binding proteins (PEBP) represent a superfamily of proteins that are
conserved from bacteria to humans. In mammals, four members have been identified, PEBP1-4.
To determine the functional differences among PEBP1-4 and the underlying mechanism for their
actions, we performed a sequence alignment and found that PEBP4 contains a signal peptide and
potential glycosylation sites, whereas PEBP1-3 are intracellular proteins. To test if PEBP4 is
secreted, we made constructs with Myc epitope at the amino (A) terminus or carboxyl (C)
terminus to mask the signal sequence or keep it free, respectively. Our data revealed that both
mouse and human PEBP4 were secreted when the epitope was tagged at their C-terminus. To our
surprise, secretion was dependent upon the C-terminal conserved domain in addition to the A-
terminal signal sequence. When the epitope was placed to the A-terminus, the recombinant protein
failed to secrete and instead, was retained in the cytoplasm. Mass spectrometry detected
asparagine (\)-glycosylation on the secreted PEBP4. Although overexpression of A-terminal
tagged PEBP4 resulted in an inhibition of ERK activation by EGF that with a C-terminal epitope
tag did not have such an effect. Likewise, transfection of PEBP4 shRNA did not appear to affect
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ERK activation, suggesting that PEBP4 does not participate in the regulation of this pathway. In
contrast, PEBP4 siRNA suppressed phosphorylation of Act at S473. Therefore, our results suggest
that PEBP4 is a multifunctional protein and can be secreted. It will be important to investigate the
mechanism by which PEBP4 is secreted and regulates cellular events.

PEBP4; signal peptide; secretion; glycosylation; ERK; Act

1. Introduction

Phosphatidylethanolamine binding protein (PEBP) represents a superfamily of more than
400 members and is evolutionally conserved from bacteria to humans (1). In mammalian
cells, four members of PEBP, ranging from 21-25 kids, have been documented; PEBP1 is
ubiquitously expressed at high levels in brain, adrenal gland and thyroid (2, 3), PEBP2 is
mostly restricted to testis (4), PEBP3 has not yet been characterized, and PEBP4 is
predominantly expressed in skeletal muscle, heart and thyroid (5). Multiple functions have
been ascribed to PEBPs, including membrane biogenesis, fluidity, and formation of
functional domains (6-9), stimulation of acetylcholine secretion during neuronal
development (9, 10), serine protease inhibition in neuronal tissue (11), and regulation of
MAPK pathway, cell proliferation and survival and spermatogenesis or sperm maturation (4,
12).

PEBP1 was first found in brain (13) and later on isolated as a Raff kinase inhibitory protein
(RKIP) by the yeast two hybrid method (12). It has been shown that RKIP binds to Raf-1
and MEKT1 at overlapping sites (14). As a result, binding to Raf-1 precludes the binding to
MEKZ1, and vice versa. Disruption of the interaction between Raf-1 and MEKZ1, leads to an
inhibition of MEK phosphorylation and activation by Raf-1. In addition, RKIP has also been
reported to regulate other signaling pathways including p-adrenergic signaling, and NFxB
signaling, culminating in inhibition of tumorigenesis, metastasis, or modulation of other
cellular events (1).

Similarly to PEBP1, PEBP4 was reported to associate with Raf-1 and MEKZ1, blocking
MEKI/ERK activation by TNFa or TRAIL and thereby inhibiting apoptosis (5, 15). PEBP4
is highly expressed in muscle, which leads to speculation of functional interactions between
PEBP4 and Raff/MEK during myoblast differentiation (16). Garcia et a/. showed that
PEBP4 acts a scaffold for Raf-1 and MEK1 and augments their interaction (16). The effect
of PEBP4 on ERK activation depends on the expression levels; paradoxically, low
expression enhances but high expression suppresses ERK activation (16). In addition,
knockdown of PEBP4 inhibits myoblast differentiation, possibly due to increased activation
of the Raff/MEK. Recent studies indicate that PEBP4 enhances Act activation while
inhibiting that of ERK/JNK (17-20). Furthermore, a number of recent reports have
documented increased expression of PEBP4 in a variety of cancer specimens, correlative to
invasion and metastasis of cancer, suggesting that PEBP4 plays a role in cancer progression
(21-24). In agreement with this, /n vitro studies have shown that silencing PEBP4 induces
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apoptosis and reduces invasiveness of cancer cells whereas overexpression elicits the
opposite changes (17, 23, 25, 26). Interestingly, a recent study has reported that PEBP4 is a
secreted protein, suggesting a new function or mechanism (27).

To determine the functional differences among PEBP1-4 and the underlying mechanisms for
their actions, we first performed a sequence alignment, which revealed that PEBP4 contains
a signal peptide, while PEBP1-2 are intracellular proteins. To test if PEBP4 is secreted, we
made constructs with Myc epitope at the A- or C-terminus of PEBP4, respectively. Our data
revealed that both mouse and human PEBP4 were secreted when the epitope was tagged at
their C-termini. Surprisingly, the secretion was also dependent on the C-terminal conserved
domain. In contrast, when the epitope was placed at the A-terminus, the recombinant protein
failed to secrete and was retained in the cytoplasm. Mass spectrometry detected A-
glycosylation on PEBP4. Overexpression of A~terminal tagged PEBP4 resulted in an
inhibition of ERK activation by EGF, whereas C-terminal tagged PEBP4 was without such
an effect. Likewise, transfection of PEBP4 shRNA did not appear to inhibit ERK activation,
suggesting that PEBP4 does not participate in the regulation of this pathway. However,
PEBP4 siRNA suppresses phosphorylation of Akt at S473.

2. Materials and Methods

2.1. Reagents

Epidermal growth factor (EGF) was purchased from Promega Life Sciences (San Luis
Obispo, CA). Antibodies against phospho-ERK1/2 T202/Y204, total ERK, phospho-Akt
S473, total Akt, and p-actin were from Cell Signal Biotechnologies (Danvers, MA).
Antibody against Myc epitope was purchased from Sigmaaldrich (St Louis, MO). Antibody
for human PEBP4 was from Abcam (Cambridge, MA). NTA agarose was from Qiagen
(Valencia, CA). Human PEBP4 cDNA in pCDNAZ3.1 and pEGFPC was gifted from Dr.
Water Koch (University College Dublin) and mouse PEBP4 cDNA was synthesized by Life
Technologies (Grand Island, NY).

2.2. Construction of expression plasmids

cDNA for human PEBP4 was amplified by PCR and subcloned into pPCDNA3.1(-)MycHisB
(Life Technologies) at EcoRI and HinDIII sites to express recombinant PEBP4 with MycHis
tag at the C-terminus. PEBP4 cDNA was amplified by PCR and subcloned in pCDNA3.1(-)
to tag Myc epitope at the A~terminus. The deletion mutations were made as illustrated in
Figure 4. The point mutation for T171A was made by PCR amplification of two overlapping
fragments containing T171A and secondary amplification of full length mutant cDNA. The
cDNA was sequenced and then subcloned to pPCDNA3.1(-)MycHisB.

2.3. Construction of shRNA plasmid for PEBP4

Oligonucleotides for shRNA were synthesized encompassing PEBP4 coding sequence bp
473-493 as underlined: Sense: 5’
GATCCCCGGAAAAGTCATCTCTCTCCttcaagagaGGAGAGAGATGACTTTTCCTTTTT
A and antisense:
agctTAAAAAGGAAAAGTCATCTCTCTCCTCTCTTGAAGGAGAGAGATGACTTTTCC
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GGG. The oligonucleotides were annealed and cloned into pSuperRetro at Bglll and HindllI
site.

2.4. Cell Culture and transfection

HEK?293T cells were cultured in DMEM supplemented with 10% FBS and penicillin/
streptomycin at 37°C, 5%CO,. Plasmid DNA was transfected into HEK293T cells by the
calcium phosphate precipitation method. Two days after transfection, the cells were starved
in 1% FBS-DMEM overnight and treated with EGF (10 ng/ml) for 10 min.

2.5. Purification of recombinant PEBP4

pCDNAZ3.1(-)MycHis expressing human or mouse PEBP4, respectively, was transfected
into HEK293T cells as noted above. Two days after transfection, cell culture medium was
harvested and passed through NTA agarose column. Nonspecific binding proteins were
removed by washing and recombinant PEBP4 was eluted according to manufacturer’s
protocol (Qiagen, Valencia, CA).

2.6. Western blot analysis

Cell extracts were prepared in lysis buffer (25 mM Tris-HCI, pH 7.8, 100 MM NaCl, 1 mM
EDTA, 1 mM EGTA, 1 mMNazVO4 and 25 mM B-glycerol-phosphate, 1 mM DTT, 1%
NP-40 and protease inhibitors). The cell debris was removed by centrifugation at 14,000xg
at 4°C for 15 min and protein concentration measured using a Bio-Rad Protein Assay kit.
Protein samples (20 ug) were subjected to SDS-PAGE and electrophoretically transferred to
PVDF membranes (EMD Millipore, Bedford, MA). The membranes were sequentially
blotted with the first and second antibodies, and developed by the enhanced
chemiluminescence (ECL) method (28).

2.7. Confocal microscopy examination

After transfection of PEBP4 tagged with GFP at the A~terminus or C-terminus into
HEK?293T cells on coverslips, the cells were fixed with 4% paraformaldehyde prepared in
PBS and examined using a confocal microscope (Leica SP5) at 63x magnification.

2.8. Proteomics analysis

In-gel deglycosylation and trypsin digestion was performed on cut SDS-PAGE gel bands. In
LC-MS/MS analysis, digestion products were separated by a C18 chromatography column
(75 um 1D, 150 mm length; 120 min gradient elution at a flow rate 0.300 puL/min) with a
Dionex 3000 nano-HPLC system which was interfaced with a Thermo-Fisher Scientific Q-
Exactive mass spectrometer. Mobile phase A consisted of 0.1% formic acid, and mobile
phase B consisted of 80% acetonitrile and 0.08% formic acid. The Q-Exactive mass
spectrometer was operated in the data-dependent acquisition mode using Xcalibur2.1.3
software. For data acquisition, there was a single full-scan mass spectrum in the Orbitrap
(400-1800 m/z, 70,000 resolution) followed by 20 data-dependent MS/MS scans. The
tandem mass spectra from each LC-MS/MS run were searched against the selected database
using the Proteome Discovery searching algorithm (version 1.4).
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2.9. N-glycan analysis

3. Results

In-gel PNGaseF digestion was performed for the cut band. The released A-glycans were
analyzed by chip-based amide-HILIC LC/MS using an Agilent 6520 Q-TOF mass
spectrometer (29).

3.1. PEBP4 is a secreted protein

PEBP1 and PEBP4 apparently have different functions, as the former acts as a tumor
suppressor while the latter promotes tumorigenesis and tumor progression. To decipher their
functional differences, we performed sequence alignment of PEBP1-4 (Figure 1). Mouse
PEBP1 displays 80% identity and 93.6% similarity to mouse PEBP2, and 86% identity and
95% similarity to rat PEBP3. Since no sequence for mouse PEBP3 was found in the
database, we used the rat PEBP3 sequence, which shares 83% identity and 94% similarity to
rat PEBP1, in the alignment. Mouse PEBP1 and PEBP4 exhibit 26.7% identity and 38.2%
similarity (Figure 1). Thus, the sequence alignment data suggest that PEBP1-3 are
functionally similar, while PEBP4 has unique functions. Interestingly, sequence alignment of
mouse and human PEBP4 shows 45% identity and 59.5% similarity, and predicts that it
contains a signal peptide (Figure 2). Furthermore, it predicts one A-glycosylation site with
the NXT motif (asparagine 169, N169) on human PEBP4, and two such sites on mouse
PEBP4 (N78, N140) (Figure 2).

We hypothesized that the subcellular localization of PEBP4 might be different if we placed
an epitope tag at the A-terminus, as opposed to the C-terminus. To test it, we made such
constructs of human PEBP4 (hPEBP4) fused with green fluorescent protein (GFP) or a Myc
tag. Indeed, when GFP was fused to the C-terminus of hPEBP4, the fluorescent signal
displays punctate distribution centering near the perinucleus; in contrast, fusing GFP to the
N-terminus resulted in a uniform signal distribution in the cytoplasm (Figure 3 A, B). We
then examined the distribution of Myc-tagged hPEBP4 by immunoblotting. Most of C-
terminal tagged hPEBP4 was secreted in the cell culture medium, while A~terminal tagged
recombinant protein was retained in the cytoplasm (Figure 3C). Hence, our results suggest
that hPEBP4 is a secreted protein and the secretion is disrupted by tagging a peptide to the
N-terminus.

To further characterize the secreted nature of hPEBP4, we made a point mutation to convert
T171 to alanine (T171A), thereby abolishing the A-glycosylation site, and two additional
truncations at aa 172 and aa 188, where C-terminal 55 and 39 amino acids were deleted
(Figure 4A), respectively. Mutant cDNA was transfected into HEK293T cells, and cell
extracts and culture supernatant were collected for western blot analysis using the anti-Myc
antibody. As shown in Figure 4B, both the C-terminal tagged full length PEBP4 and the
T171A mutant, lacking the A-glycosylation site, were secreted into the cell culture media.
To our surprise, deletion of the C-terminally conserved region between mouse and human
PEBP4 abolished the secretion, suggesting that both A-terminus and C-terminal sequences
are required for the secretion.
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3.2. Human PEBP4 (hPEBP4) is glycosylated

N-linked glycans are generally attached to the asparagine (Asn) residue as a part of Asn-X-
Ser/Thr (N-X-S/T) consensus sequence, where X is any amino acid except proline. hPEBP4
contains only one A-glycosylation consensus sequence (N1g9KT), predicting potential A-
glycan occupancy in hPEBP4. We compared the expression and secretion of the T171A
mutant and wild type hPEBP4. As demonstrated in the western blotting (Figure 4B), the
mutated sequences was smaller in the molecular weight than the wild type, indicating the
blockade of A-glycosylation by mutation. Next, purified hPEBP4 sample was enzymatically
deglycosylated using PNGase F, and then digested using trypsin. The released N-glycans
from hPEBP4 was analyzed by mass spectrometer to further confirm that hPEBP4 is -
glycosylated. As illustrated in the Figure 5B, two major A-glycan compositions were
detected, [6,5,0,3,0] and [6,5,0,4,0] [Hex, HexNAc, dHex, NeuAc, NeuGc] from hPEBPA4.
Tryptic peptides were analyzed using C18 LC-MS/MS analysis. The deglycosylated
asparagine residue (N) was deamidated by the action of the PNGase F enzyme, resulting in a
mass increase of 0.9840 Da. As shown in Figure 5C, a mass increase of 0.9840 and 90%
sequence coverage was observed for the precursor VISLLPKENK, supporting that hPEBP4
is glycosylated. In summary, hPEBP4 contains a sialylated A~glycan. Mouse PEBP4 tryptic
peptides were also analyzed by C18 LC-MS/MS and the data supported that mouse PEBP4
was N-glycosylated at two sites (N7glS and Nq40lT) (Supplemental Figure 1).

3.3. The role of PEBP4 in activation of ERK and Akt

To assess the effect of PEBP4 on ERK activation, we transfected short hairpin RNA
(shRNA) into HEK293T cells to silence the expression of PEBP4. As the dose of ShRNA
increased, the expression of PEBP4 progressively decreased. However, the activation of
ERK by EGF was not affected (Figure 6A). We then transfected PEBP4 tagged at either the
N- or C-terminus and treated with or without EGF. Transfection of C-terminal or A-terminal
tagged PEBP4 did not affect the phosphorylation of ERK1/2 under baseline condition
(Figure 6B). In addition, the C-terminal tagged PEBP4 did not show any inhibitory effect
when cells were treated with EGF. However, the A-terminal tagged PEBP4 seemed to inhibit
ERK activation at high doses (Figure 6C).

Next, we tested the effect of PEBP4 on Akt activity in response to EGF treatment.
Consistent with previous reports, silencing PEBP4 did inhibit phosphorylation of Akt at
S473 (Figure 7A). However, no evident effect on the phosphorylation of Akt was observed
by overexpression of either A-terminally or C-terminally tagged PEBP4 (Figure 7B). This
may result because Akt is constitutively activated in HEK293T cells.

4. Discussion

PEBP4 appears to be a multifunctional protein. It was reported to be involved in activation
of ERK/JNK and Akt. Our present study revealed that PEBP4 is a secreted and glycosylated
protein. It contains a signal peptide at the A~terminus and consistently, addition of tags to the
C-terminus allowed secretion of the protein, whereas masking the signal peptide by tagging
an epitope to the A-terminus disabled the secretion. The mass spectrometric analysis
identified Aglycosylation on both human and mouse PEBP4, exactly the same sites as
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predicted by motif alignment. Interestingly, our data indicate that the C-terminally conserved
sequence is also required for secretion. Finally, our data showed that the native form of
PEBP4 did not participate in ERK activation by EGF, although it seemed to be involved in
the regulation of Akt activity.

PEBP4 was first identified as a regulator of the MAPK pathway (5, 20). Wang et al (5) have
shown that PEBP4 interacts with Raf-1 and MEK1 and attenuates activation of MEK1. This
role could lead to an inhibition of apoptosis induced by TNFa or TRAIL (20). Interestingly,
it was demonstrated that PEBP4 was concentrated in the perinucleus, localized in lysosomes,
and translocated to plasma membranes in response to TNFa (5). It has shown that this
membrane localization signal is encompassed within the A-terminal 75 amino acids. In most
scenarios, the RaffMEK/ERK pathway promotes mitogenesis and is frequently activated in
cancers, such as those with Ras mutation or amplification of Her2 and MET. If PEBP4
inhibits ERK activation by competitively interfering with the interaction between Raf and
MEK, in a way similar to PEBP1/RKIP, we could speculate that it is a tumor suppressor.
However, many recent studies support that PEBP4 acts as a promoting factor for cancer cell
growth. First, in clinical specimens, PEBP4 is found increased in several types of cancer and
the degree of expression correlates to pathological grade, progression and metastasis (21-24,
30). Second, transfection of interference RNA for PEBP4 into cancer cells inhibits cell
proliferation, migration and invasion or induces apoptosis, whereas overexpression of this
protein causes opposite changes (17, 19, 23-26). Third, the expression levels of PEBP4
correlates with the sensitivity of cancer cells to chemotherapy or radiotherapy in which the
upregulation of PEBP4 confers resistance to these therapies while its downregulation
enhances the sensitivity (15, 26, 31, 32). These properties of PEBP4 are consistent with a
role in promoting tumor transformation and progression, but are inconsistent with the
inhibitory effect on the activation of the Raf-1/MEK/ERK pathway. Two possibilities may
explain this paradox. First, the precise role of PEBP4 in ERK activation depends on its level
of expression. In keeping with this, Garcia et al have shown that low expression of PEBP4
enhances but high expression suppresses ERK activation (16). A second possibility is that
PEBP4 regulates activity of some other molecules for cell growth/survival in addition to
ERK/JNK. Indeed, several reports have shown that PEBP4 acts as a scaffold for Src, Akt, or
estrogen receptor alpha (ERa), leading to increased activation of Akt or ERa (17-19, 24,
33). In keeping with these observations, our present study demonstrates that silencing
PEBP4 leads to an inhibition of Akt phosphorylation at S473.

Our study using epitope tagging of PEBP4 yielded different results. Tagging epitopes (Myc
and GFP) to the A-terminus altered subcellular localization and abolished secretion. We
believe that tagging to the C-terminus does not disturb structure of native PEBPA4.
Additionally, although we did not refine specific subcellular localization, its punctate
distribution of the protein C-terminal tagged with GFP was similar to that described
previously at the endoplasmic reticulum/Golgi apparatus and lysosomes (5, 27, 34). Our
findings that overexpression of only A-terminal tagged PEBP4 displayed an inhibitory effect
on ERK activation but PEBP4 shRNA failed to affect ERK activation by EGF are different
from previously published reports (5, 16, 20). The underlying reason is not clear and worth
further investigating. It will be necessary to ascertain whether these differences result from
the epitope tagging in our study and others.
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The striking findings in the present study are that PEBP4 is a secreted protein and that two
elements located at both the A-terminus and C-terminus contribute to secretion equally.
Although PEBP4 contains a signal peptide, the signal strength might not be sufficient to
allow transportation of the protein for secretion, thus requiring the C-terminal sequence.
This is in line with the fact that not all signal peptides exhibit equal efficiencies to target
proteins for secretion (35). Those signal sequences that are unable to direct protein secretion
when engineered to other proteins may need to cooperate with another sequence from the
original protein. To our knowledge, however, this possibility has never been examined. This
would require engineering a fusion reporter that is inserted between the signal peptide and
an additional carboxyl sequence of an original protein or the C-terminal conserved domain
of PEBP4.

The weak strength of the signal peptide sequence of PEBP4 also suggests that it may possess
additional intracellular functions. It is not unusual for intracellular proteins to execute
functions with both secreted and cytoplasmic characteristics (36). For example, thioredoxin,
a cytoplasmic protein involved in intracellular redox balance, can be secreted from T cells as
an inflammatory cytokine in response to oxidative stress (37). A second protein is high
mobility group box 1 (HMGBL1), a nuclear protein that binds to chromatin and regulates
gene expression. HMGBL1 can be secreted from monocytes and macrophages as a pro-
inflammatory cytokine upon induction by lipopolysaccharide and lysophosphatidylcholine
(38). Results from the present study and others as noted above indicate that PEBP4 may
have both extracellular and intracellular functions. Regarding the extracellular function, a
recent paper determined that PEBP4 purified from swine seminal plasma stimulates motility
of sperms (27). We attempted to examine if recombinant PEBP4 secreted from HEK293T
cells can stimulate migration of cancer cells, but the result was negative. Whether the
extracellular and intracellular functions of PEBP4 are independent, exclusive, or associated
events is an interesting topic for future research.

5. Conclusion

Our present study suggests that PEBP4 is a multiple function protein. First, it is a secreted
and glycosylated protein. Interestingly, in addition to the intact signal peptide, the C-
terminal conserved domain is necessary for secretion, but the A-glycosylation is
dispensable. Second, our data shows that PEBP4 does not participate in ERK activation by
EGF. Third, PEBP4 appears to be required for Akt activation. It will be interesting to
determine the extent to which secretion of PEBP4 is associated with the role in regulation of
Akt. Therefore, we will further characterize the function of the secreted form of PEBP4 and
correlate it to the role in Akt signaling and regulation of cancer cell growth and survival and
even normal cellular events.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights
1. PEBP4 is a secreted and glycosylated protein
The carboxyterminal conserved sequence contributes to the secretion

PEBP4 does not participate in ERK activation by EGF,

& w N

PEBP4 is required for Akt activation
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Figure 1. Sequence alignment of PEPB1-4
Access numbers are P70296 for mouse PEBP1 (mPEBP1), AF307146 for mouse PEBP2

(mPEBP2), AAB32786 for rat PEBP3 (rPEBP3), and NP_082802 for mouse PEBP4
(mPEBP4). Multiple sequence alignment was performed using ClusterW2 software. The
degree of similarity is designated (*>:>.). PEBP1 and PEBP2 show 79.7% identity and
93.6% similarity; mouse PEBP1 and rat PEBP3 show 85.9% identity and 95.1% similarity;
PEBP1 and PEBP4 show 26.7% identical and 38.2% similarity.
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Figure 2. Sequence alignment of mouse and human PEBP4
Sequence alignment shows 45.2% identify and 59.5% similarity between mouse and human

PEBP4 and predicts signal peptide highlighted yellow and asparagine glycosylation sites
(marked red N).
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Figure 3. Effects of epitope tagging to different ends of PEBP4
PEBP4 was tagged with GFP (A, B) or Myc epitope to at its A-terminus or C-terminus and

transiently expressed in HEK293T cells. The cells were examined under confocal
microscopy (A, B) or extracts and culture media subjected to western blot analysis using an
anti-Myc antibody (C). The images in A and B were observed at 63x. Scale bar: 10 microns.
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Figure 4. Secretion of PEBP4 variants to culture media
PEBP4 full length, point mutation or truncation mutations were made at different sites and

tagged with Myc or MycHlisg, as indicated in (A). The recombinant proteins were transiently
expressed in HEK293T cells and blotted with anti-Myc antibody in cell extracts or culture
media (B).
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Figure 5. N-glycosylation of PEBP4

A. Mouse and human PEBP4 tagged with MycHisg at the C-terminus was expressed in
HEK?293T cells, respectively, purified by NTA affinity chromatography and resolved on
SDS-PAGE. B. The PEBP4 bands in A were excised and digested with PNGaseF. The
released N-glycans were analyzed and the compositions are listed C. Proteomics analysis
(only the data with human PEBP4 were presented). The PEBP4 band was deglycosylated in-
gel, digested with trypsin and the resulting peptides analyzed using LC-MS/MS analysis as
described in the Materials and Methods section. Data interpretation is described in the text.
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Figure 6. The effect of PEBP4 on ERK activation

A. shRNA for PEBP4 or empty vector was transfected into HEK293T cells on 12 well

plates, which were the treated with EGF (10 ng/ml) for 10 min. A. The cells were

transfected with PEBP4 tagged at the A-terminus (A-Myc PEBP4) or C-terminus (C-Myc
PEBP4) with Myc epitope at different doses. C. The experiments were conducted as B,
except that the cells were treated with EGF. Cell extracts were analyzed by western blot with

antibodies as indicated.
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Figure 7. The effect of PEBP4 on Akt activation
A. HEK293T cells were transfected with PEBP4 shRNA or empty vector and treated as

described in Figure 6A. B. The cells were transfected with C-Myc PEBP4 or A-Myc PEBPA4.
Western blot analysis was performed as indicated.
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