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Summary

Two-dimensional gel electrophoresis (2-DE) maps for human stomach tissue
proteins have been prepared by displaying the protein components of the tissue
by 2-DE and identifying them using mass spectrometry. This will enable us to
present an overview of the proteins expressed in human stomach tissues and
lays the basis for subsequent comparative proteome analysis studies with gastric
diseases such as gastric cancer. In this study, 2-DE maps of soluble fraction
proteins were prepared on two gel images with partially overlapping pH ranges
of 4-7 and 6-9. On the gels covering pH 4-7 and pH 6-9, about 900 and 600
protein spots were detected on silver staining, respectively. For protein
identification, proteins spots on micropreparative gels stained by colloidal
Coomassie Brilliant Blue G-250 were excised, digested in-gel with trypsin, and
analyzed by peptide mass fingerprinting with delayed extraction-matrix assisted
laser desorption/ionization-mass spectrometry (DE-MALDI-MS). In all, 243

protein spots (168 spots in acidic map and 75 spots in basic map) corresponding
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to 136 different proteins were identified. Besides these principal maps, maps of
Jower resolution, i.e. overview maps (displayed on pH 3-10 gels) for total
homogenate and soluble fraction, are also presented with some identifications
mapped on them. Based on the 2-DE maps presented in this study, a 2-DE
database for human stomach tissue proteome has been constructed and available
at http://proteome.gsnu.ac.kr/DB/2DPAGE/Stomach/. The 2-DE maps and the
database resulting from this study will serve important resources for subsequent
proteomic studies for analyzing the normal protein variability in healthy tissues

and specific protein variations in diseased tissues.

1. Introduction

Proteomics aims at the global analysis of tissue and cellular proteins, and uses
a combination of techniques including two-dimensional gel electrophoresis
(2-DE), image analysis, mass spectrometry, and bio-informatics to resolve
comprehensively, to quantify, and to characterize proteins. With the rapid
development in proteomics technologies and a great deal of current interest in
the application of proteomics to the study of various human diseases, our
knowledge of how protein profiles vary in healthy and diseased tissues is
accruing at an impressive pace [1-3]. Recently, the proteomics approach is being
actively applied to the molecular analysis of various human cancers such as
bladder [4], colorectal [5,6], breast [7], and liver [8] cancers. Gastric cancer is the
most common cancer in Korea and other Asian countries. Although incidence
rates in western world are much lower than in Asia, gastric carcinoma is still a
significant worldwide health burden, second only to lung tumors as a leading
cause of cancer deaths. To initiate a gastric cancer proteomics project, we

thought 2-DE maps are an important prerequisite as the separation and
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identification of proteins in normal tissues are important steps in establishing a
suitable database of identifiable proteins and subsequently applying proteomic
analyses to pathological perturbations. Also, 2-DE is the principal step of
proteomics, and is widely used in comparative studies of protein expression
levels between healthy and diseased states with the purpose of developing
diagnostic markers and detecting novel drug targets. Hence, the present study
was designed to explore the use of 2-DE for separating human stomach tissue
proteins and to initiate the construction of 2-DE maps and a database of
identified proteins. This database should provide a valuable resource for the
investigation of the molecular basis of gastric cancer and also other human

stomach pathologies.

2. Materials and methods

2.1 Materials

IPG strips of pH 3-10, 4-7, and 6-9 were purchased from Amersham
Pharmacia Biotech (APB, Immobiline DryStrip, 0.5X3x180 mm) and Bio-Rad
(ReadyStrip, 05X3%170 mm). Bio-Lyte (pH 3-10) was from Bio-Rad. SDS,
acylamide, methylenebisacrlamide, TEMED, ammonium persulfate, DTT, urea,
Tris, glycine, glycerol and CHAPS were purchased from Bio-Rad or USB. Silver
nitrate, Coomassie brilliant blue G-250, TCA, iodoacetamide, and ¥4-cyano-4-
hydroxycinnamic acid were from Sigma. Methanol, ethanol, phosphoric acid,
acetic acid and formaldehyde were purchased from Merck. Sequencing grade
modified trypsin was obtained from Promega. Other reagents were obtained from

Sigma or Merck.

2.2 Stomach tissue samples

Human stomach tissue samples were prepared from resection materials of
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gastric cancer patients in Gyeongsang National University Hospital. Resections
were examined by a pathologist and normal tissue samples were prepared from
noncancerous regions. Four tissue samples were used in this study: two
samples, no. 299371 and 232285, were used to construct the 2-DE maps; and the
other two, no. 368412 and 000925, were used for micropreparative gels for

protein identification.

2.3 Preparation of stomach tissue protein samples

Frozen stomach tissue samples (100-200 mg) were homogenized in 2 mL
homogenization buffer (50 mM Tris-HCI, pH 7.2) containing protease inhibitor
cocktail (1 mM AEBSF, 0.8 uM aprotinin, 21 uM leupeptin, 36 uM bestatin, 15
UM pepstatin A, 14 uM  E-64) using Utra-Turrax homogenizer (type T8, IKA
Labortechnik, Germany) at 25,000 rpm. The mixture was centrifuged at 1000X g
for 5 min to remove tissue and cell debris. The supernatant was used as total
homogenate. The total homogenate was centrifuged in a Beckman TL-100 table
top ultracentrifuge at 100,000 rpm (approx. 430,000X g) in a TLA-100.2 rotor for
10 min at 4°C. The supernatant was taken as soluble fraction and the pellet was
used for membrane protein preparation. 50 %(w/v) TCA was added to the
supernatant to a final concentration of 10 %(w/v) and the solution was allowed
to stand on ice for 30 min. Protein precipitate was collected by spin in a
microcentrifuge at 15,000 rpm for 10 min at 4°C, and washed three times in 10
9% TCA. The precipitate was washed once in diethyl ether and dried under air
stream. The dry pellet was dissolved with sonication in the lysis solution (8 M
urea, 4 %(w/v) CHAPS, 40 mM Tris, 100 mM DTT, 2 %(w/v) Bio-Lyte (pH
3-10)) and allowed to stand for 1 h at room temperature. After centrifugation at
15,000 rpm for 10 min at 15°C, the supernatant was used as the 2-DE sample

for soluble fraction. The protein samples were stored in aliquots at -70°C until
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use. For the preparation of membrane fraction, the ultracentrifugal pellet was
washed once in PBS, dissolved in the lysis solution with sonication, centrifuged
at 15000X g for 10 min at 15°C, and the supernatant was used as membrane

fraction sample.

2.4 Protein Assay
Protein concentration of 2-DE samples was estimated according to [9] using a

commercial Bradford reagent (Bio-Rad). BSA was used as standard.

25 2-DE

IEF was carried out using commercially available, dedicated apparatuses:
IPGphor (Amersham Pharmacia Biotech) or Protean IEF Cell (Bio-Rad). IPG
strips were used according to [10] and the manufacturers instructions. Samples
containing up to 200 ug protein for analytical gels or up to 1 mg for
micropreparative gels, were diluted to 300-350 yL with rehydration solution (8 M
urea, 2% CHAPS, 100 mM DTT, 05% (v/v) pH 3-10 IPG buffer, trace
bromophenol blue), and applied to strips by overnight rehydration at 50 V.
Proteins were focused succeedingly for 1 h at 200 V, for 1 h at 500 V, for 1 h
at 1000 V, then a gradient was applied from 1000 to 8000 V in 30 min, and
focusing was continued at 8000V for 85 h to give a total of 70 kVh on an
IPGphor. With Protean IEF Cell, focusing was done initially at 250 V for 15 min,
then the voltage was increased to 10000 V within 3 h, and maintained at 10000
V for 7 h for a total of 70 kVh. All IEF steps were carried out at 20°C. After
the first-dimensional IEF, IPG gel strips were placed in an equilibration solution
(6 M urea, 2% SDS, 30% glycerol, 50 mM Tris-HCl, pH 8.8) containing 1%
DTT for 10 min with shaking at 50 rpm on an orbital shaker. The gels were

then transferred to the equilibration solution containing 2.5% iodoacetamide and
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shaken for a further 10 min before placing them on a 7.5-17.5% gradient
polyacrylamide gel slab (185%200X 1.0 mm). Separation in the second dimension
was carried out using Protean II xi electrophoresis equipment and Tris-glycine
buffer (25 mM Tris, 192 mM glycine) containing 0.196 SDS, at a current setting
of 5 mA/gel for the initial 1 h and 10 mA/gel thereafter. The second dimensional

SDS-PAGE was developed until the bromophenol blue dye marker had reached

the bottom of the gel.

2.6 Protein visualization and image analysis

For silver staining, following second-dimensional SDS-PAGE, analytical gels
were immersed in methanol: acetic acid: water (50:12:38) for 1.5 h, followed by
washing twice in 509 ethanol for 20 min. Gels were pretreated for 1 min in a
solution of 0.02% Na:S203. This was followed by three 1 min washes in
deionized water. Proteins were stained in a solution containing 0.2%6 AgNOs; and
0.075% (v/v) formalin (37% formaldehyde in water) for 20 min, and washed
twice in deionized water for 1 min. Subsequently, gels were developed in a
solution of 0.06%(v/v) formalin, 2% Na:COs, and 0.0004% Na:S203. When the
desired intensity was attained, the developer was discarded and stopped by 1%
acetic acid.

For Coomassie blue staining of micropreparative gels, gels were fixed 3 times
in 30% ethanol containing 2% phosphoric acid for 20 min and rinsed 3 times in
2% phosphoric acid. Gels were then equilibrated in a solution containing 18%
ethanol, 2% phosphoric acid, and 15% ammonium sulfate for 30 min and
Coomassie Brilliant Blue G-250 was added to a final concentration of 1%.
Staining was carried out overnight.

Protein patterns in the gels were recorded as digitalized images using a high
resolution scanner (GS-710 Calibrated Imaging Densitometer, Bio-Rad). Gel

image matching was done with PDQuest software (Bio-Rad).
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2.7 In-gel digestion

In-gel digestion of protein spots on Coomassie or silver stained gels was
performed essentially as described by [11]. After the completion of staining, the
gel slab was washed twice with water for 10min. The spots of interest were
excised with a scalpel, cut into pieces, and put into 1.5-mL microtubes. The
particles were washed twice with water for 15 min, and then twice with
water/acetonitrile (1:1, v/v) for 15 min. The solvent volumes were about twice
the gel volume. Liquid was removed, acetonitrile was added to the gel particles
and the mixture was left for 5 min. Liquid was removed and the particles were
rehydrated in 0.1 M NH4HCO; for 5 min. Acetonitrile was added to give a 1'1
(v/v) mixture of 0.1 M NHHCO«/acetonitrile and the mixture was incubated for
15 min. All liqguid was removed and gel particles were dried in a vacuum
centrifuge (Heto-Holten, Allered, Denmark), reswelled in 10 mM DTT/0.1 M
NHAHCO3, and incubated for 45 min at 56°C to reduce the peptides. After chilling
tubes to room temperature and removing the liquid, 55 mM iodoacetamide in 0.1
M NH4HCO; was added, the tubes were incubated for 30 min at room
temperature in the dark to S-alkylate the peptides. Iodoacetamide solution was
removed, the gel particles were washed with 0.1 M NHsHCOs and acetonitrile,
dried in a vacuum centrifuge, rehydrated on ice in digestion buffer containing 50
mM NHHCOs, 5 mM CaCly, and 12.5 ng/uL of trypsin, and incubated for 45 min
on ice. Excess liquid was removed and about 20 uL of digestion buffer without
trypsin was added. After overnight digestion at 37°C, 25 mM NH4HCOs3 was
added, and the tube was incubated for 15 min. Acetonitrile was added and the
tube was incubated for a further 15 min. The supernatant was recovered, and
the extraction was repeated twice with 5% formic acid/acetonitrile (1:1, v/v).

The three extracts were pooled and dried in a vacuum centrifuge.
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2.8 MALDI-TOF MS and database search

Tryptic peptides were redissolved in a solution containing water, acetonitrile,
and trifluoroacetic acid (93:5:2 by volume), and the solution was treated for 5
min in a bath sonicator. Target preparation was carried out by ‘solution phase
nitrocellulose method’ [12]. Saturated solution of e -cyano-4-hydroxycinnamic
acid (about 40 mg/ml) and nitrocellulose solution (20 mg/ml) were prepared
separately in acetone. A mixture of the @ -cyano-4-hydroxycinnamic acid
solution, nitrocellulose solution, and 2-propanol was prepared at a ratio of 2:1:1.
Peptide calibrants (50-200 fmole of each), des-Arg-bradykinin (monoisotopic
mass, 904.4681) and neurotensin (1672.9715), were added and the mixture
solution was then spotted on the target and dried. Dried samples were washed
with 5 puL of 5% formic acid for 10 s, followed by 5 ul of Milli-Q water for 10
s, and then dried spots were analyzed in a Voyager-DE STR MALDI-TOF
mass spectrometer (PerSeptive Biosystems, Framingham, NA, USA). The
spectrometer was run in positive ion mode and in reflector mode with the
settings: accelerating voltage, 20 kV; grid voltage, 76%,; guide wire voltage,
0.01%; and a delay of 150 ns. The low mass gate was set at 500 m/z. Proteins
were identified by peptide mass fingerprinting with the search programs
MS-FIT (http://prospector.ucsf.edu/ucsthtml3.4/msfit.htm) and ProFound (http://
129.85.19.192/profound_bin/WebProFound.exe). The following search parameters
were applied: SWISS-PROT and NCBI were used as the protein sequence
databases; a mass tolerance of 50 ppm and one incomplete cleavage were
allowed, acetylation of the N-terminus, alkylation of cysteine by
carbamidomethylation, oxidation of methionine, and pyroGlu formation of

N-terminal GIn were considered as possible modifications.

3. Results and discussion

The establishment of 2-DE protein map is a prerequisite for subsequent
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proteomic studies of a given biological system. It is an urgent issue to many
Asian countries to apply post-genomic approaches including proteomics to
géstric diseases such as gastric cancer, as they are among the most prevalent
diseases in the area. However, there has been no 2-DE map reported for human

stomach tissue proteins.

3.1. Conception of 2-DE maps for human stomach tissue proteome

Reproducibility of 2-DE has improved significantly since the introduction of
IPG focusing technology [13]. Nevertheless, it is still not an easy job to compare
gels of different resolution. For example, when one is analyzing a sample with
pH 4-7 strips and finds an interesting spot on 2-D gel, it is usually hard to
identify one’s protein by image matching with a 2-DE map of different
resolution available on an internet site such as Swiss-2DPAGE (http://www.
expasy.ch/ch2d/) or WORLD 2DPAGE (http://www.expasy.ch/ch2d/2d-index.html)
databases. Thus, for a given sample, it is important to construct maps that
cover different levels of resolution. To construct 2-DE maps of human stomach
tissue that would be useful for wide spectrum of researches on gastric diseases,
we have conceived multiple level maps (Fig. 1). The lowest resolution and most
comprehensive map, which we call level 1 map, is prepared with the total
homogenate of stomach tissue separated by wide pH range (3-10) focusing. At
level 2 resolution, total homogenate is fractionated into soluble and membrane
fractions, which are separated on pH 3-10 IPG strips. The maps of level 1 and
level 2 constitute overview maps. At level 3, each of the soluble and membrane
fractions is further resolved on two partially overlapping medium pH range (4-7
and 6-9) strips, which provides maps of intermediate level of resolution. The
highest level of resolution that can be obtained with commercially available IPG

strips is one using 1 pH unit-wide strips [14,15], and even higher resolution
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Figure 1. Conception of 2-DE maps for human stomach tissue proteins. The
most comprehensive and lowest resolution map, level 1 map, is
prepared with total homogenate of stomach tissue separated on wide
pH range (3-10) focusing. At level 2 resolution, total homogenate is
fractionated into soluble and membrane fractions, which are separated
on pH 3-10 IPG strips. The level 1 and level 2 maps present an
overview on the global composition of major proteins in the total
homogenate and each fraction. At level 3, each of the soluble and
membrane fractions is further resolved on two partially overlapping
medium pH range (4-7 and 6-9) gels, thus providing an intermediate
resolution map. Strips of 1 pH unit-wide range can be used in the
first dimension to prepare level 4 or zoom maps.

would be possible by using home-made sub-unit pH range strips and larger
format gels [16,17]. Also, resolution can be increased at all levels by appropriate
pre-fractionations of protein samples. In this study, analyses of clinical samples
were kept in mind as a main application of proteomics. Because of the
heterogeneous nature of clinical samples, it is important in clinical proteomics to
analyze certain number of samples that can guarantee statistical significance of
observed change in expression. Thus, as a compromise between high resolution

and practicability, level 3 maps consisting of four images (acidic soluble, basic
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soluble, acidic membrane, and basic membrane protein maps) from 200 mm-wide
gels using 170 or 180 mm strips were conceived as the main maps of human

stomach tissue proteome, and overview maps of level 1 and 2 were considered

as supplementary.

3.2. Human stomach tissue 2-DE maps of soluble proteins

A series of 2-DE maps covering several levels of resolution was constructed
for the soluble fraction proteins of human stomach tissue. All maps (Fig. 2 and
Fig. 3) were constructed on silver stained analytical gels, with protein loadings
of 200 ug.

Stomach tissue samples were obtained from healthy regions of gastric
resections of gastric cancer patients. Frozen tissue samples were mechanically
homogenized and tissue debris were removed by low speed centrifugation to
give a total homogenate. The total homogenate proteins were precipitated with
10% TCA and ether-washed pellet was extracted with mild sonication into lysis
solution containing 8 M urea, 4%(w/v) CHAPS, 40 mM Tris, 100 mM DTT and
2% (w/v) Bio-Lyte (pH 3-10). Fig. 2A shows the level 1 map of human
stomach tissue. The initial severe streaking could be reduced significantly by
using TCA precipitated protein samples. About 1400 spots could be detected on
the gel by the Auto-Detect Spots menu of PDQuest software. Good resolutions
were obtained in acidic and neutral pH regions, while streaks were observed in
basic proteins and some abundant protein spots such as serum albumin (P02768)
and actin (P02570). The abundance of serum albumin is typical of frozen tissues
and is due to blood contamination in the tissue.

To construct a 2-DE map, it is important to have a representative sample. It
is relatively straightforward with microorganisms and cell lines, where

genetically and physiologically homogeneous cell populations can be easily
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Figure 2. Overview 2-DE maps of human stomach tissue. (A), Total homogenate;
(B), Soluble fraction; (C), Membrane fraction. Proteins (100 ug) were
separated on pH 3-10 nonlinear IPG strip in the first dimension and
75-175% linear gradient SDS-PAGE in the second dimension.
Staining was done with silver nitrate. A total homogenate of stomach
tissue was obtained by mechanical homogenization and removal of
tissue debris by low speed centrifugation, and TCA precipitated
proteins were extracted into lysis solution. Soluble and membrane
fractions were prepared from the total homogenate by ultracentrifugation.
Spot identifications (Swiss-Prot accession numbers) were transferred
from the maps of Fig. 3 by image matching. The protein names are
listed in Table 1.

obtained and used for preparation of protein samples. However, it may be
complicated with human tissues, such as stomach tissue of this study, where
variations in protein profile might occur for different locations on stomach and
also from genetic heterogeneity among different individuals. One way to cope
with such a potential heterogeneity is to obtain an average profile that involves
the pooling of a certain number of samples [18]. In the preparation of 2-DE
maps presented in this study, tissue samples from two individuals were used

without pooling of samples: one tissue for the overview maps of Fig. 2, and the



32 BELGHEE N 383 A=HEXF

other for the intermediate maps of Fig. 3, as our initial analyses of ten normal
tissue samples on 180 mm strips of pH 4-7 linear gradient indicated the overall
protein pattern remained very similar across samples (not shown).

The total homogenate was fractionated by ultracentrifugation into soluble
(supernatant) fraction and membrane (pellet) fraction. 100 g proteins of each
fraction were separated on pH 3-10 nonlinear gradient strips and SDS-PAGE.
The protein profiles are shown in Fig. 2B and 2C, respectively, for soluble and
membrane fractions. These wide pH range gels give overviews on protein profile
of each fraction. About 1300 and 1500 spots were detected, respectively, on gels
for soluble and membrane fraction. The membrane protein maps will be the
subject of a separate study.

The soluble fraction proteins (200 ug) were further separated on two medium
pH range gels of 4-7 and 6-9, and stained with silver nitrate. These two level 3
maps (Fig. 3A and 3B) constitute the main maps for the soluble proteins of
human stomach tissue. The acidic map (Fig. 3A) contained about 900 spots and
the basic one (Fig. 3B) about 600 spots. For construction of the level 3 maps,
both Coomassie stained micropreparative gels and silver stained analytical gels
were used. Though most spot identifications were done from Coomassie stained
gels, some spots were more clearly detected on and analyzed from silver stained
gels. Micropreparative gels (not shown) were run with a loading of 500 to 1000
ug proteins per gel, and stained with colloidal Coomassie Brilliant Blue G-250.
After matching micropreparative gel image with analytical one by use of
PDQuest, spots were cut out from the micropreparative gel and processed for
MALDI-TOF mass spectrometry as described in Materials and methods. The
resulting spot identification was mapped onto the analytical gels as shown in
Fig. 3A and 3B. In the acidic map, 588 spots were excised and subjected to

in—gel digestion followed by peptide mass fingerprinting for protein identification.
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Medium resolution (at level 3) 2-DE maps of soluble fraction proteins
of human stomach tissue. The soluble fraction was prepared as
described in the legend of Figure 3. The proteins were displayed on
two gels of overlapping pH range of 4-7 (A) and 6-9 (B). Two
hundred micrograms of proteins were loaded onto each gel and
staining was done with silver nitrate. Protein identifications were done
on corresponding preparative gels (not shown) stained with colloidal
Coomassie Brilliant Blue G~250 and transferred onto analytical gels by
image matching. All labeled spots have been identified by peptide
mass fingerprinting. Identified spots are indicated by their accession
numbers.

168 spots corresponding to 92 different proteins were successfully identified. In

the basic map, 75 spots corresponding to 49 proteins were identified out of 157

spots analyzed. 21 spots of 5 proteins were identified on both gels. Overall, 745

spots were analyzed and 243 spots corresponding to 136 proteins of human

stomach tissue have been identified and mapped on two gel images of Fig. 3A

and 3B. On average, each protein was represented by 1.7 spots. 53 proteins (3926

of 136 proteins) were present in multiple spots: 30 proteins in 2 spots, 9 in 3, 7

in 4; serrotransferrin, deskman, alpha-1-antitrypsin, and serum albumin were

present in 5-7 spots. Most of these multiple spots appeared in so-called trains,

i.e. a series of nearly horizontal spots in regular intervals. However, as in the
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case of peroxiredoxin 2 (Q06830), some proteins appeared in two spots that are
far apart on the gel. Of the 136 identified proteins: 40 proteins were cytoplasmic,
23 mitochondrial, 9 nuclear, 8 cytoplasmic and nuclear, 6 ER lumen, 2 lysosomal,
1 peroxisomal proteins; 6 proteins were extracellular; and 40 proteins were of
uncertain location. Thus, most proteins, for which information on subcellular
location was available, were extracellular, cytoplasmic, or from the inner space
of subcellular organelles such as mitochondria and endoplasmic reticulum. This
corroborates with the fact that the proteins displayed on the two gels were
soluble fraction proteins and thus of hydrophilic nature. The result indicates also
that subcellular organelles are disrupted to a considerable extent during the
mechanical homogenization process, because 30% of the total identified proteins

were from organelles.
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Figure 4. MALDI-TOF mass spectra of tryptic digests of two protein spots
resolved on 2-DE gel. (A), Spot 5134; matched peptides, 10; amino
acid coverage, 53%; the spot was identified as nucleoside diphosphate
kinase A (Swiss-Prot No., P15531). (B), Spot 2733; matched peptides,
19; amino acid coverage, 31%; 78 kDa glucose-regulated protein
(Swiss-Prot. No., P11021). The data were collected on positive ion
and reflector mode. Experimentally determined mass values are
labeled only on matched peptides. Calibrants: Cl, bradykinin fragment
2-9, monoisotopic mass 904.4681; C2, neurotensin, 1672.9175.
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Fig. 4 shows two examples (P15531 and P11021) of spot identification. We
used two kinds of WWW search programs to identify proteins by peptide mass
fingerprinting, MS-Fit of UCSF and ProFound of the Rockefeller University.
The criteria used to accept identifications included the extent of sequence
coverage, the number of peptides matched, the probabilistic score, and also
whether human protein appeared as the top candidates in the first pass search
where no restriction was applied to the species of origin. The results of

identification are summarized in Table 1 and labeled on Fig. 3A and 3B.

Concluding remarks

In this study, a series of 2-DE maps have been established for soluble
proteins of human stomach tissue. 243 protein spots corresponding to 136
different proteins of human stomach tissue have been identified and localized on
two gel images. As far as we know, this is the first 2-DE maps to be reported
for human stomach tissue proteins. They cover a pH range of 4-9 with two
partially overlapping pH range gels of 4-7 and 6-9. Also, some spot
identifications were mapped onto lower resolution gels of level 1 and 2, so that
the 2-DE maps presented here are useful also for other investigators working
with wide pH range gels. The 2-DE maps presented in this study are thought to
be useful in future proteomics studies aimed at the identification of some
potential markers and the understanding of the mechanisms involved in the
pathologies of human stomach, such as chronic gastritis, gastroduodenal peptic

ulcers, and gastric cancer.

This work was supported by the 2Ist Century Frontier / Functional Analysis

of Human Genome R&D Program of Korean Ministry of Science and
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Technology. We thank Drs. Woo Song Ha and Young-Joon Lee at Gyeongsang
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