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Abstract

Long-chain fatty acid possesses myriad roles in the biological function of the cells, not only as an energy
substrate but also as substrates for cell membrane synthesis and as precursors for intracellular signaling molecules.
However, little is known about the biological pathways that are stimulated by long-chain fatty acid. In order to identify
the pathway of long-chain fatty acid, we performed 2-dimensional gel electrophoresis in the cells treated with or
without oleate, and then analyzed 648 protein spots using PDQuest software and narrowed down 22 significant
changing spots by statistical criterion. We also tried to determine these spots by MALDI-QIT-TOF-MS and SWISS-
PROT database query. We identified 11 proteins and predicted the biological network using available data sets from
protein-protein interaction database. This prediction indicated that several protein kinase Cs (PKCs) underlie long-
chain fatty acid signaling. Indeed, oleate stimulated predicted PKC pathways. In expression array, oleate significantly
up-regulated only PKC epsilon, but not other PKCs, in transcriptional levels. Collectively, our proteomics and network

analysis implicates that PKC epsilon pathway plays an important role in long-chain fatty acid signaling.
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Introduction

Long-chain fatty acids (LCFAs) are an important source of energy
and possess myriad effects on various tissues [1], while, LCFAs play
a pivotal role in the pathogenesis of insulin resistance and type 2
diabetes [2-4]. Patients with insulin resistance and type 2 diabetes
possess symptom of lipid metabolism disorder, especially high blood
LCFAs level [5]. Classically, two transcriptional factors are thought to
control LCFA signaling. One is peroxisomal proliferators-activated
receptors (PPARs) belonging to a family within the lipid-activated
receptor superfamily are activated by LCFAs [6,7]. Three PPARs have
been identified in mammals, PPAR alpha, beta/delta and gamma [6,7].
These are thought to have a critical role in energy and lipid metabolism.
Unsaturated LCFAs (n-9, n-6 or n-3) can act as ligands to activate all
three PPARs [7]. The other is sterol response element binding proteins
(SREBPs), a family of transcriptional factor regulating genes involved

in the synthesis of cholesterols and fatty acids [8]. Recently, GPR40, one
of the G protein-coupled receptors (GPCRs), was reported to bind to
LCFAs [9-11]. We and other groups demonstrated that functioning G
protein-coupled receptor for LCFAs, GPR40 induces cell-proliferation
via mitogenic extracellular kinase (MEK) 1/2/extracellular signal-
regulated kinase (ERK) 1/2 and phosphatidylinositol 3-kinase (PI3K)/
Akt pathways in normal and malignant mammary epithelial cells
[12,13]. However, signaling pathways of LCFAs have still not been
completely elucidated.

In this study, we set out to identify differential expression profiles
of protein and mRNA by treatment of LCFA. We performed the
combination of two-dimensional electrophoresis (2-DE) and matrix
assisted laser desorption/ionization quadrupole ion trap-time-of flight
mass spectrometry (MALDI-QIT-TOE-MS) and expression array. We
identified and analyzed 648 protein spots and finally narrowed down
22 spots. Among 22 spots, we identified 11 proteins by MALDI-QIT-
TOF-MS and established biological network using their data sets of
protein-protein interaction (PPI). We predicted several protein kinases
C (PKC) underlies LCFA signaling and indeed confirmed that LCFA
can activate them. Further we obtained gene expression profiles in the
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cells and then, our result of expression profile indicates LCFA activates
only PKC epsilon in transcriptional level. We concluded that PKC
epsilon underlies LCFA signaling and suggest that it plays an important
role for lipid metabolism and response.

Materials and Methods
Materials

Dulbecco’s Modified Eagle Medium (DMEM) and Trizol reagent
were obtained from Invitrogen Corp. (Carlsbad, CA, USA). A 12.5%
e-Pagel gel was obtained from Atto Co. (Tokyo, Japan). Precision
Plus Protein Kaleidoscope Standards were obtained from Bio-Rad
Laboratories, Inc. (Hercules, CA, USA). Sodium oleate, dithiothreitol
(DTT), ammonium bicarbonate, iodoacetamide, octyl beta-D-
glucopyranoside, acetonitrile (ACN) and trifluoroacetic acid (TFA)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Zip Tip
C18 was obtained from Millipore (Billerica, MA, USA). Skim milk
powder was purchased from Difco Laboratories (Detroit, MI, USA).
Anti-human PKC epsilon (sc-214) was obtained from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). PKC Isoform Antibody
Sampler Kit #9960, anti-14-3-3 zeta/delta (#9639) and anti-cyclophilin
A (#2175) were obtained from Cell Signaling Technology Inc.
(Beverly, MA, USA). Anti-cytokeratin 8 (ab2531), anti-cytokeratin 19
(ab84632), anti-annexin II (ab2242) and anti-ATP5B (ab14730) Anti-
transgelin 2 was obtained from Protein Tech Group, Inc. (Chicago,
IL, USA). Secondary HRP-conjugated anti-rabbit IgG, glutathione-
sepharose, Immobiline DryStrip pH 3-1INL and IPG buffer 3-11NL
were purchased from GE Healthcare Bioscience, Co. (Piscataway, NJ,
USA). Bovine Gene Expression Microarray (4x44K V2:023647), Low
Input Quick Amp Labeling kit and wash buffer were obtained from
Agilent Technologies Inc. (Santa Clara, CA, USA).

Cell cultures

Bovine mammary epithelial cell (bMEC) was isolated and cloned
by Nakajima et al. [14]. The cells were seeded at 1x10* cells/cm? in
a collagen coated 6-well plate (Corning, NY,) and grown in DMEM
supplemented with 10% FCS, 2 mM glutamine, 100 U/ml penicillin,
and 100 pg/ml streptomycin under 5% CO, and air at 37°C until
confluency. The cells were treated with serum-deprivation overnight
and subsequently with 400 uM oleate conjugated to 0.5% BSA or BSA
alone for 24 h. We then carried out the experiments according to
following procedures.

2-D gel electrophoresis

The cells were lysed by sonication at 4°C in cell lysis buffer (8.5
M urea, 40 mM Tris-HCI, pH 8.0, 10 % w/v SDS, 20% v/v Triton
X-100 and 2% w/v DTT) containing protease inhibitor cocktail.
After that, protein concentration was determined by 2-D Quant kit
and thus an equal amount of each sample was used for 2-DE. 2-D gel
electrophoresis was performed with the Ettan IPGphor II and Ettan
DALTsix equipment from GE Healthcare. For the first dimension,
samples in 450 pl rehydration buffer (6M urea, 2M thiourea, 0.2% w/v
DTT, 2% IPG buffer 3-11 nonlinear, 0.1M acetic acid, 0.1% w/v orange
G and 20% triton X-100) were loaded in the IPGphor strip holder. 24
cm immobiline DryStrip (pH 3-11 nonlinear) was placed in a holder
and overlaid with DryStrip coverfluid. Strips were hydrated under 50 V
for 24 h and focused afterward on the IPGphor II IEFsystem for a total
of 80 kVh at 20°C. After electrophoresis, each strip was incubated with
7.5 ml of equilibration buffer (6M urea, 100 mM Tris-HCI, pH 8.0, 30
% wiv glycerol, 2% w/v SDS, 0.5% w/v DTT and 0.002% bromophenol
blue) by rocking for 20 min. For the second dimension, the strips were

placed on top of 10-20% gradient polyacrylamide gel containing SDS.
Then SDS-PAGE was performed using Ettan DALT six electrophoresis
system. After second dimension, the gels were fixed with 50% methanol
and 10% acetic acid for 30 min, subsequently with 10% methanol and
7% acetic acid for 30 min and washed with distilled water for 30 min.
After that, the gels were stained with SYPRO Ruby overnight in dark,
washed with 10% methanol and 7% acetic acid for 30 min and washed
with distilled water for 10 min.

Scanning and image analysis

After staining, images of the gels were directly scanned by
Fluoro Phore Star 3000 (Anatech) and analyzed by PDQuest (Bio-
Rad Hercules, CA). Briefly, the background between each gel was
normalized and its noise was deleted. Experiments were replicated to
ensure consistency. Identification and normalization of the number of
protein spots was done. After that, we matched all of the spots among
all of the gels. After all, we identified 648 spots and narrowed down 22
spots using statistical criteria (not less than 3-fold change and t-test;
P<0.01).

Spot picking and in-gel digestion

To identify proteins significantly changed by oleate, each protein
spot position was determined, excised robotically and transferred to
tube using Fluoro Phore Star 3000. Each piece of gel was destained with
25 mM ammonium bicarbonate in 50% acetonitrile and washed with
25 mM ammonium bicarbonate, and subjected to reduction by 10 mM
dithiothreitol and alkylation by 55 mM iodoacetamide. Subsequently,
the piece of gel was digested with Trypsin Gold (Mass spec grade,
Promega) overnight at 37°C. The digested peptides were extracted
from the gel piece by 50% acetonitrile containing 5% trifluoroacetic
acid. The extracts were evaporated in vacuum centrifuge to remove
organic solvent and concentrated. Finally the extracts were desalted,
concentrated using reverse-phase C18 Zip Tip (Millipore) and then
eluted directly onto MALDI target plate by 50% acetonitrile containing
2, 5-dihydroxybenzoic acid (DHB) matrices.

MALDI-QIT-TOF-MS analysis

MALDI-QIT-TOF mass spectrometer (AXIMA resonance)
equipped with a nitrogen laser (337 nm, 3 ns pulse with) (Shimazu,
Kyoto, Japan) was used. The ion trap chamber was supplied with two
separate and independent gases; He gas with continuous flow was
used for collisional cooling, and pulsed Ar gas was used for imposing
collision-induced fragmentation. The pressure in the ionization
chamber was maintained at less than 6x10° Torr. Precursor and
fragment ions obtained by collision-induced dissociation (CID) were
ejected from the ion trap and analyzed by a reflectron TOF detector
operated in positive ion mode. The mass spectra were assembled 200
to 3000 accumulations of the profile obtained by laser shots using a
laser power of 30-60 arbitrary units. Stronger laser power (around 100)
increased sensitivity of MS and provided fragment ions used as the
precursor ion for sequential MS/MS analysis. Experimental calibration
of MS spectra was performed using angiotensin II ([M + H]*, m/z
1046.5) and ACTH ([M + H]*, m/z 2465.2) on MALDI target plate.
We performed MASCOT searches (http://www.matrixscience.com/
search_form_select.html) using SWISS-PROT sequence database. One
missed cleavage and partial oxidation of methionine were allowed.
Peptide mass tolerance in MS searches was set to less than 0.2 Da. We
were sure to exclude the spectra of trypsin and human keratin peptides.
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Network analysis

In order to explore biological pathways using identified proteins
(red circle) and their interacting proteins (pink circle), we sought to
identify their interacting proteins in a large human protein interaction
database (BioGrid) (http://thebiogrid.org/) [15]. We constructed a
network graph, in which the edges represented a physical interaction
between two proteins. CytoScape software (http://www.cytoscape.
org/) was used to visualize the network [16].

Western blot analysis

The translocation of each PKC from the cytosolic fraction to the
membrane fraction in cells was used to assess the relative amounts of
activated and membrane-bound PKC epsilon, as described previously
[17]. Active translocation was identified as either an increase in
the amount of PKC in the membrane fraction or a decrease in the
cytosolic fraction. The cells were washed with cold PBS, scraped into
homogenization buffer, passed through a syringe needle (27-gauge),
and spun at 100,000x g for 30 min at 4°C. The supernatant was
collected as the cytosolic fraction. The pellet was then extracted using
homogenization buffer with 1% Triton X-100, and the extracted
buffer was collected as the membrane fraction. Cytosolic fraction was
used for other molecules. Equal amounts of protein samples were
electrophoresed on an E-PAGE 48 8% gel before being transferred
to polyvinylidene difluoride (PVDF) membranes using an iBlot™
Gel Transfer Device. The membranes were blocked with 5% skim
milk/Tris-buffered saline containing 0.1% Tween-20 (TBST) at room
temperature for 1 h. The samples were then incubated with rabbit anti-
human PKC epsilon for 1 h at room temperature. Membranes were
washed three times with TBST, incubated for 1 h at room temperature
with HRP-conjugated anti-rabbit IgG, washed six times with TBST,
and visualized using ECL+. Experiments were replicated three times
to ensure consistency.

Statistical analysis

In experiments of Western blot analysis, values are expressed as
the mean + S.E.M. of at least triplicate samples in each experimental
group; experiments were replicated to ensure consistency. Statistical
significance was determined using t-test. Values were considered to be
statistically significant if their P value was less than 0.05.

Microarray analysis

The principal methods for microarray were described previously
[18]. In Brief, Gene Expression microarray for cow (G2519F; 4 x 44K)
and all of the reagents for microarray were obtained from Agilent
Technologies Inc. (Santa Clara, CA, USA). Quadruplicate total RNA
were extracted from cells treated with or without oleate using Trizol
reagent as described [13] and its integrity was assessed using an Agilent
Bioanalyzer 2100. Each aliquots of total RNA was reverse transcribed
into complementary DNA and subsequently transcribed into
complementary RNA (cRNA) using the Low Input Quick Linear Amp
Labeling Kit. The quality of each cRNA was confirmed by total yield and
specificity calculated using NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific, MA, USA). Labeled cRNAs were used for
hybridization. Slides for microarray were incubated at 65°C for 17 h
in microarray hybridization chambers. After hybridization, slides
were washed according to the protocol suggested by Agilent. Images
for each array were scanned with an Agilent DNA microarray scanner
(model G2505C) and saved as TIFF format. For data normalization,
75 percentile normalization using a per chip 75 percentile of all
measurements were performed by GeneSpring GX software (Agilent

Technologies Inc., Santa Clara, CA, USA). P value and fold changes
(more than 1.5-fold) between each comparison for each gene were
calculated. False discovery rate (FDR) (q values) were calculated
by Gene Spring software according to Benjamini and Hochberg’s
method. Differentially expressed genes were analyzed using Database
for Annotation, Visualization and Integrated Discovery (DAVID) to
predict biological pathways [19, 20].

Results
Profile of protein expression induced by LCFA

To obtain profile changed by treatment of LCFA, we performed
2-DE in cloned bovine mammary epithelial cells treated with or
without oleat. The representative pattern of 2-DE was shown in Figure
1. We could assign 648 protein spots among each image of triplicate
samples and also ensure reproducibility of both the pattern and all
of them (data not shown). Finally, we narrowed down 22 spots using
statistical criteria (not less than 3-fold change and t-test; P<0.01).

Determination of protein spots

To determine proteins changed by treatment of LCFA, we picked
up significant 22 spots, performed in-gel digestion and subsequently
performed MS/MS analysis by MALDI-QIT-TOF-MS. We searched
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Figure 1: Protein profiling of bovine mammary epithelial cells treated with LCFA.
The cells were treated with serum-deprivation overnight and subsequently with
400 pM oleate (lower panel) conjugated to 0.5% BSA or BSA alone (lower panel)
for 24 h. Representative data of 2-DE according to the procedures shown in
Materials and Methods. Green squares indicate significant changed protein spot
assigned by PDQuest software. Red arrowhead and number indicate protein
spot number identified by MS/MS ion search.
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Figure 2: Identification of proteins changed by LCFA. (A) Representative data
of MS/MS spectra are shown. Upper panel indicates the spectrum of Bos taurus
Transgelin-2 peptides. Lower panel indicates that of Bos taurus Calponin-2. (B)
The cells were treated with serum-deprivation overnight and subsequently with
400 pM oleate (lower panel) conjugated to 0.5% BSA or BSA alone (lower panel)
for 24 h. After that, cell lysates were analyzed by western bloting using specific
antibodies against KRT8, TAGLN2, ANXA2, YWHAZ, PPIA, ATP5B and actin.
The Figure shows data from a representative experiment.

identical proteins using MASCOT database. Among them, we
succeeded in determining 11 proteins (Figure 2A and Table 1). All of
them were identical to bovine homologue (Table 1). AXNA2, KRT8 and
TAGLN2 were significantly increased, while KRT7, ATP5B, KRT19,
YWHAZ, HNRNPAI1, PPIA, ALB and CNN2 were significantly
reduced. To confirm whether or not identified proteins are changed by
treatment of LCFA, we also performed western blotting. Most of them
were identical with the results of 2-DE (Figure 2B).

Prediction of LCFA-induced biological pathway using PPI
data sets

To identify biological pathway underlying LCFA signaling, we

tried to construct a network based on available data sets from PPI
database. We could predict tight network using data sets of identified
11 proteins although data set of CNN2 could not connected that of any
other proteins (Figure 3A). Depicted pathway indicates several PKCs
such as PKC alpha, delta, iota, zeta and mu, underlie LCFA signaling
(Figure 3A).

PKC epsilon underlies LCFA signaling

To validate predicted several PKCs pathway actually underlies
LCFA signaling, we examined whether LCFA induces the translocation
of each PKCs or not. Our result of western blotting indicated that LCFA
significantly induced the translocation of several PKC such as PKC
alpha, delta, epsilon and mu (Figure 3A red arrow head and B) although
the expression of PKC zeta was low. The amount of membrane-bound
PKC alpha, delta, zeta, epsilon and PKD relative to those of cytosolic
were around 3.0-, 2.2-, 1.2-, 2.0- and 2.4-fold, respectively (Figure
3B). We also obtained a profile of gene expression in same condition.
299 genes were significantly changed by treatment of LCFA (data not
shown). 230 genes were induced, while 69 were reduced (Supplemental
data 1). Using DAVID algorithm, we could significantly predict PPAR
signaling (P value<0.01) and primary immunodeficiency (P value<0.05)
(supplementary data 1 and 2). Among identified proteins, PRKCE,
KRT17 and FCGRT are significantly induced up to 2-fold, 3.7-fold and
2-fold, respectively (Figure 2A blue arrow head and supplementary
data 1). KRT17 was also significantly induced up to around 8-fold
by LCFA treatment in protein level (Figure 3B). Taken together, we
concluded that PKC epsilon induction in both mRNA and protein level
is an important for LCFA signaling.

Discussion

We for the first time demonstrated that several PKCs underlie
LCFA signaling using combination with 2-DE, differential expression
analysis, MALDI-QIT-TOF-MS and pathway analysis based on PPI.
I's important that activated PKCs translocate from cytosolic into
cellular membrane fractions including golgi, endoplasmic reticulum,
mitochondria and nucleus [21]. Indeed, we demonstrated that the
translocation of predicted PKCs are enhanced by LCFA. Besides
that, PKC epsilon is only activated by LCFA in both protein and
transcriptional levels. Our pathway prediction clearly indicates that
LCFA induces Akt and ERK1/2 pathway via probably GPR40 [22].
This is coincidence with previous reports [12,22]. However, we also
previously reported that LCFA induces up-regulation of uncoupling
protein (UCP) 2 mRNA [23]. Although our prediction indicates that
LCFA affects UCP2, our gene expression array could not detect any
change of UCP2 mRNA. However, the probe of UCP2 on microarray
platform used in this study is not efficient to detect because it is located
in an intermediate region between DNAJB13 and UCP2, which is
much closer to 3’ untranslated region of DNAJB13 and so far from
UCP2 promoter region (probe number is A_73_115660, it’s located
in chr.15:052961966-052962025). That’s because the probe could not
detect UCP2 mRNA expression.

We also identified Annexin A2, mitochondrial ATP synthase
subunit beta, 14-3-3 protein zeta/delta, Transgelin-2, Heterogeneous
nuclear ribonucleoprotein Al, Peptidyl-prolyl cis-trans isomerase A,
Calponin-2 and several cytokeratines in LCFA signaling. Annexin A2 is
involved in nociception in brain [24,25]. PKC epsilon is also well known
to be involved in nociception [21]. These suggest that Annexin A2 may
be regulated by PKC epsilon. Indeed, LCFA induces up-regulation of
Annexin A2 through PPAR alpha and the translocation of Annexin
A2 as well as PKC epsilon [26,27]. Coincidence with them, our result
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lysates were separated as cytosolic and membrane fractions, and analyzed by western blotting using antibodies against each PKCs. The Figure shows data from a representative
experiment. The rates of translocation are expressed as fold changes relative to control cells (membrane protein density normalized against those of the cytosolic fraction). The
amounts of KRT17 are expressed as fold changes relative to control cells. The data are expressed as means + SEM (n=3). Asterisk indicates significantly different (P<0.05, t-test).
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Spot No. Protein name

3629 Annexin A2 Bos taurus up 5%
4%
4802 Keratin, type Il cytoskeletal 7 Bos taurus down 2%
5823 Keratin, type Il cytoskeletal 8 Bos taurus up 2%
7704 ATP synthase subunit beta, mitochondrial Bos taurus down 2%
3%
3%
8707 Keratin, type | cytoskeletal 19 Bos taurus down 4%
9302 14-3-3 protein zeta/delta Bos taurus down 8%
7%
0202 Transgelin-2 Bos taurus up 9%
9%
7%
7%
0405 Heterogeneous nuclear ribonucleoprotein A1 Bos taurus down 4%
5%
1102 Peptidyl-prolyl cis-trans isomerase A Bos taurus down 9%
10%
0501 Serum albumin Bos taurus down 2%
3307 Calponin-2 Bos taurus down 5%
5%

Sequence coverage

Determined peptide sequence Theoretical value

p/ Mr (kDa)
16 AYTNFDAERDALNIETAIK 6.92 38.9
20 GVDEVTIVNILTNR
54 VDTLNDEINFLR 5.79 51.6
32 LEGLTDEINFYR 5.6 51.6
65 FTQAGSEVSALLGR 5.15 56.3
30 FLSQPFQVAEVFTGHLGK
50 DQEGQDVLLFIDNIFR
27 NLLEGQDAYFNDLSLAK 4.92 43.9
19 LGLALNFSVFYYEILNSPEK 4.73 27.9
13 GIVDQSQQAYQEAFEISK
24 YGINTTDIFQTVDLWEGK 8.39 22.6
57 QYDADLEQILIQWITTQCR
54 DDGLFSGDPNWFPK
13 QMEQISQFLQAAER
8 GFAFVTFDDHDSVDK 9.27 34.3
9 LFIGGLSFETTDESLR
9 SIYGEKFDDENFILK 8.34 18.1
18 VNPTVFFDIAVDGEPLGR
22 DAFLGSFLYEYSR 5.82 71.2
49 SWIEGLTGLSVGPDFQK 7.55 33.8

18 SMQNWHQLENLSNFIK

Table 1: Proteins changed by Oleate and Identified by 2-Dimentional Electrophoresis.

indicates that LCFA induces an increase of Annexin A2 proteins. Besides
that, in insulinoma cell lines, INS-1, LCFA induces down-regulation
of mitochondrial ATP synthase subunit beta proteins [28], which
plays an important role for mitochondrial ATP synthesis utilizing an
electrochemical gradient of proton across the inner membrane during
oxidative phosphorylation [28]. We also observed the similar result in
this study. Several studies indicate that 14-3-3 zeta/delta protein directly
binds PKC epsilon and modulates its activity [29,30]. Both PKC epsilon
and 14-3-3 zeta/delta play an important role for cytokinesis including
actin polymerization [30]. Using unique method combined with in
vitro kinase reaction, ion exchange chromatography, 2-DE and MS
analysis, Dammeier et al. [31] demonstrated that transgelin-2 (a.k.a.
smooth muscle protein 22-alpha) is a novel substrate of PKC and its
ability to bind actin filament is regulated by PKC. Moreover, calponin,
which is an another actin-binding protein, are regulated and stabilized
through its phosphorylation by PKC epsilon and their function is an
important in contraction and differentiation of smooth muscle cells
[32,33]. Taken together, we implicates that our identified proteins are
involved in PKC epsilon signaling and that our prediction network
reflects LCFA-induced PKC epsilon signaling.

Novak et al. [34] identified that keratin, type II cytoskeletal 8 is
down-regulated in liver in rat fed with high unsaturated LCFA diet
through gestation and lactation. We also observed that LCFA induces
down-regulation of the same keratin in mammary epithelial cells.
These reports and our result suggest that PKC epsilon underlies LCFA
signaling. Simple epithelial keratins, such as KRT7, KRT8, K18-K20,
are expressed in single-layered simple epithelia and are also thought
that they have some functions not only in cellular structure, but also in
some cellular responses [35]. Indeed, KRT8-deficient mice were shown
to have liver hemorrhage with embryonic lethality in C57Black/6
background [36]. Besides that, in FVB/n background, the mice were
shown to have colitis and hepatitis [37]. KRT18 can bind 14-3-3 zeta/
delta and control hepatocyte mitotic progression [38]. In mice lacking
KRT19, overexpression of KRT18 and KRT20 to compensate its
function [39,40], suggesting KRT19 has an ability to bind 14-3-3 zeta

protein as well as KRT18. These cytokeratin networks may be involved
in LCFA-induced PKC epsilon signaling.

Our prediction based on both profiles of protein and mRNA
indicates that KRT17 plays an important role as well as PKC epsilon.
With respect to engagement of Keratin in protein synthesis, Kim et
al. [41] demonstrated that epidermal keratins play a critical role in
promoting protein synthesis, cell size and growth through association
of KRT17 with 14-3-3 proteins. Besides that, this mechanism is
involved in Akt/mTOR pathway [41]. Our prediction included Akt/
mTOR pathway and indicated that the nodes of KRT8, KRT17, KRT18,
Akt, TSC1, TSC2, 14-3-3 zeta/delta and PKC epsilon are so close and
formed as tight network. In our preliminary data, LCFA stimulates
cellular protein contents and synthesis in mammary epithelial cells
possibly for milk proteins such as casein and lactoglobulin. Probably,
LCFA induces Akt/mTOR pathway because this pathway is an essential
for protein synthesis. Our predicted network including keratin and
PKC epsilon may be involved in Akt/mTOR pathway.

In conclusion, using a combination of 2-DE, MALDI-QIT-TOF-
MS and prediction of biological pathway based on PPI data sets, we
identified 11 proteins induced by LCFA and predicted some PKC
pathways underlie LCFA signaling. In fact, we confirmed the changes
of identified proteins and the activation of predicted PKCs. Further
microarray analysis revealed that PKC epsilon and KRT17 are up-
regulated in both transcriptional and protein levels. We concluded that
PKC epsilon underlies LCFA signaling and suggest that it may play an
important role for protein synthesis and lipid metabolism.
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