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Proteomic Analysis in Human Epithelial Colorectal Adenocarcinoma Cells after
Hemin Treatment in the Presence or Absence of Glutamine
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Abstract

In this study, we analyzed the proteomic changes after hemin treatment on human epithelial
colorectal adenocarcinoma cells (Caco-2) in the presence or the absence of glutamine. Up to
now, proteome analysis has been focused on cellular protein profiling. Although proteome
analysis is thought to be unable to detect the changes in minor proteins, we succeeded in
identify the small changes in receptor proteins. First, we investigated proteomic analysis in
cell fraction. Two-dimentional electrophoresis showed the increase in protein spots in nuclei of
Caco-2 after hemin treatment in the absence of glutamine, and the decrease in those in the
presence of glutamine, suggesting that nuclear signal transduction was changed.

As the second step, we investigated phosphorylation of proteins, which was known to be a
key mode of signal transduction. Among several analytical techniques, we choose
phosphoproteomic analysis using phospospecific antibodies for identifying low-abundance
tyrosin phosphorylated protein such as receptor tyrosine kinase phosphorylation. We purified
phosphoproteins by the column chromatography, followed by mass spectrometry-based
approaches, for several receptors showed altered phosphorylation status. Our results suggest
that phosphorylation of proteins might be induced by hemin, and glutamine might counteract
those changes in Caco-2.
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MATERIALS AND METHODS

Cell culture and Treatments. Human epithelial colorectal adenocarcinoma Caco-2 cells were
kindly provided by Tooru Taniguchi, Nagoya City University Graduate School of Medical
Sciences. Caco-2 cells were seeded onto 6-well plates with a pore size of 0.4 um (BD
Falcon™) at a density of 25000cells/cm” and maintained at 37°C in a culture medium composed
of Dulbecco’s modified Eagle medium (DMEM) containing 4 mM glutamine with 50 U/ml
penicillin, 50 U/ml streptomycin, and supplemented with heat-inactivated 10% FBS” . Heme
arginate (HA), a water-soluble and stable reaction product of hemin and L-arginate, was used
for heme treatment at a final concentration of 50 M in DMEM without or with 4mM
glutamine for 3 h after rinsing cells with phosphate-buffered saline (PBS).

Protome Profiler Antibody Arrays. Cells were extracted with Proteome Profiler kit (R&D
Systems, bio-techne). Profiling Changes in Receptor Tyrosin Kinase (RTK) phosphorylation
using Antibody Arrays (R&D Systems, bio-techne). After binding the extracellular domain of
both phosphorylated and unphophorylated RTKs, anti-phospho-tyrosines antibody was used to
detected phosphorylated tyrosines on activated receptors. The positive signals was detected
by LAS-4000 IR multi color (Fujifilm/GE Healthcare) and analyzed by image analysis
software.

Isolation of Phosphoproteins. Cells were washed 2 times with 50 mM HEPES buffer (pH 7.0)
and HEPES buffer was removed. Phophoproteins were isolated from cells using
Phosphoprotein Enrichment Kit (Thermo scientific com/pierce, IL) according to the
manufacturer’s instructions.

Sodium Dodecyl Sulfate-Polyacrylamide gel electrophoresis (SDS-PAGE). Electrophoresis
was perfomed by the method of Laemmli®. Each sample was added equal volume of Laemmli
sample buffer (Bio-Rad) and boiled at 100 C for 10 min. Samples were run on an 5-20%
polyacrylamide gel (Atto, Japan) at 200 V for 60 min with Tris-glycine-SDS buffer (TaKaRa).
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Two-Dimentional electrophoresis (2-DE). For 2-DE, Caco-2 cells sample was added
Rehydration Buffer (Ready Prep™, Bio-Rad) and performed in a holizontal 2-DE strips (7cm
ZOOM IPG Runner system, Invitrogen) for 16 h, at room temperature. Running conditions
were at 200 V for 20 min, 450 V for 15 min, 750 V for 15 min, and then 2000V for 30 min.
After isoelectrofocusing, strips were sequentially equilbrated using Ready Prep™ system (Bio-
Rad) according to the manufacturer’s instructions. The second dimension (SDS-PAGE) was
performed on 10 cm x 10 cm (10-20 % polyacrylamide gel, Cosmo Bio, Japan). Proteins were
stained with Coomassie brilliant blue or MS Silver stain (Wako, Japan). The spot was
analyzed by Delta2D (Fujifilm/GE Healthcare).

Peptide Mass Finger Printing. The protein spots were excised from the gel manually with
spot-picker and digested with trypsin (MS grade, pierce). The peptides obtained after tryptic
digestion were prepared for MALDI-TOF/MS (ultraflex, Bruker Daltonics) after cleaning by
Millipore ZipTip™. The MASCOT search engine software (Matrix Science) was used to
search the NCBInr database.
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Figl SDS-polyacrylamide gel electrophoresis of supernatant (A) and nuclear fraction (B). Each fraction
was obtained from Caco-2 cells untreated (a), treated with 50 um HA (b), treated with 4 mm
glutamine (c), and treated with HA in the presence of glutamine (d). Samples were
electrophoresis on 5-20 % polyacrylamide gel for 40 min at 120 V. After electrophoresis, the protein
bands were stained with Coomassie brilliant blue.
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Fig2 Two-dimentional electrophoresis of nuclei. Nuclear fraction of Caco-2 cells untreated (A), treated
with 50 um HA (B), treated with 4 mm glutamine (C), and treated with HA in the presence of
glutamine (D) was isoelectrophoresis with pH3-10 strips. Each strips were SDS treatment and
electrophoresis on 10-20 % polyacrylamide gel at 200 V. After 60 min, silver staining was

performed.
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Fig.3 The human phospho-Receptor tyrosin kinase (RTK) Array. Caco-2 cells untreated (a), treated
with 50 um HA (b), treated with 4 mm glutamine (c), and treated with HA in the presence of
glutamine (d) was analyzed using the Human Phospho-RTK Array. The indicated quantity of
lysate was run on array of Insulin Receptor, IGF-I Receptor and EGF Receptor. Data shown are
from 10 minute exposure.
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Fig4d SDS-PAGE (A) and 2-DE (B,C) of phosphoprotein. Phosphoprotein was obtained by the column
from Caco-2 cells untreated (a), treated with 50 um HA (b), treated with 4 mwm glutamine (c), and
treated with HA in the presence of glutamine (d). Phosphoprotein sample (2ug) was
electrophoressis on 5-20% polyacryl amide gel at 120V in the presenece of SDS. After for 40 min,
silver staining was performed (A). Phosphoprotein (about 600z g) in Caco-2 cells treated with
glutamine (B), treated with heme & glutamine (C) was isoelectrophoresis with pH3-10 strips.
Each strips were SDS treatment and electrophoresis on 10-20 % polyacrylamide gel at 200V. After
60 min, protein spots were stained with Coomasie blue.
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