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Abstract

Gastric cancer has significant morbidity and mortality worldwide.
According to the World Health Organization, stomach cancer, which
accounts for 866,000 deaths, is the second most common cause of
cancer-related death world-wide in 2007. Early diagnosis has a proven
impact on improving disease outcome compared with generally poor
prognosis after disease progression. Thus, early detection of dysplasia is
crucial. The most widely used screening procedures for gastric cancer
include endoscopy and biopsy. However, as these invasive screening
methods are physically discomfort, they are not suitable for large-scale
screening purposes. Therefore, non-invasive serum- or plasma-based
diagnostic screening for early gastric cancer detection are likely to be far
more acceptable than the current screening options and would likely greatly

increase the percentage of the population screened.

The most frequently used gastric tumor markers are
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA 19-9),
alpha-fetoprotein antigen (AFP) and human chorionic gonadotropin (hCG).
However, they are not sensitive biomarkers as only a modest proportion of
patients with gastric cancer have elevated levels of these proteins. Therefore,
there is an urgent need for specific biomarkers indicative of early gastric
cancer for diagnostic purposes. New emerging proteomic technology using
high resolution two-dimensional gel electrophoresis (2-DE) and mass
spectrometry (MS) provides a promising option. One of the major
hindrances of biomarker discovery is the presence of high abundance
proteins. Some abundant proteins such as albumin, immunoglobulins,
haptoglobin, antitrypsin and transferrin constitute around 90% of all protein
masses present in serum samples. These proteins mask over the relatively
low abundance proteins, resulting in difficulties in discovering candidate
biomarkers. Another hurdle for early biomarker discovery will be the
availability of early stage gastric cancer samples. It should be stressed that

when gastric cancer diagnosed by classical endoscopy or biopsy method, it



is already in the late stage. Therefore, in this study, rat gastric cancer was
induced experimentally. Serially serum samples were taken and these rats
were examined periodically by high resolution mammography to check for
gastric lesion. It was intended to correlate possible gastric lesion seen with
differentially expressed proteins found in the serum samples. The removal
of high abundance proteins by a customized immunoaffinity column was
also attempted. Comparative proteomic analysis was used to search for
characteristic alternations in the sera of rats with dysplasia and early
adenocarcinoma. The various stages of stomach carcinogenesis were
confirmed by histological examination. Finally, a panel of serum candidate
biomarkers was identified by MALDI-TOF-TOF mass spectrometry. Some

of these biomarkers had not been reported to be related to gastric cancer.
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Chapter 1: Literature review

1.1 Introduction

This chapter begins with the background information on gastric cancer.
Studies employing proteomic technologies to search for cancer biomarkers
will be addressed. Discussions on the difficulties in the discovery process
will also be elaborated. The purpose of this review is to provide an update
on results obtained from previous studies, as well as to provide a rationale

for the choice of animal cancer model used.

1.2. Gastric cancer

1.2.1. Prevalence

According to the World Health Organization, stomach cancer is the second
most common cause of cancer-related death worldwide in 2007, which
accounts for 866,000 deaths. In Hong Kong, stomach cancer ranks as the
fifth most common cancer (Figure 1.1 and 1.2). According to the official
statistics from the Hong Kong Cancer Registry, the incidence of gastric
cancer in 2005 was 1028 (male, 643 and female, 385). The number of
gastric cancer deaths in 2005 was 635 (male, 396 and female, 239). The
mortality to incidence ratios of stomach cancer of men and of women were
both 0.62. This ratio is higher than the overall mortality to incidence ratio of
all cancers, which were 0.61 and 0.46 for men and women respectively.
These figures show that patients with stomach cancer has a poor prognosis
and thus a higher chance to die of it as compared to other kinds of cancers in

the context of Hong Kong.
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According to the Cancer Facts and Figures in the United States, there
were approximately 22,280 new cases of stomach cancer and 11,430
stomach cancer related deaths in 2006. It ranked 14" in incidence among the
major types of cancer malignancies. According to the American Cancer
Society, the overall survival rate of these patients in 5 years ranges from
almost no survival for patients with disseminated disease to an almost 50%
survival for patients with localized distal gastric cancers confined to
respectable regional diseases. However, even with apparent localized
disease, the 5-year survival rate of patients with proximal gastric cancer is
only 10-15%. Treatment of disseminated gastric cancer may result in
palliation of symptoms and some prolongation of survival, nevertheless,

long remissions are unfortunately uncommon.

1.2.2. Types

Gastric carcinogenesis is a progressive sequence of gastric lesions from
non-atrophic gastritis to glandular atrophy, metaplasia, dysplasia, and finally
to adenocarcinoma (Correa, 1988). According to the morphological features
of tumor by Lauren (Lauren, 1965), there are two major histological types
of gastric cancer: the intestinal type and the diffuse type. For the intestinal
type adenocarcinoma, tumor cells are seen as having irregular tubular
structures, harbouring pluristratification, multiple lumens, and reduced
stroma. Association with intestinal metaplasia in the neighbouring mucosal
is commonly seen. For the diffuse type adenocarcinoma, tumor cells are
found to be discohesive and mucus-secreting. When delivered in the

interstitium, the tumor cells produced large pools of mucus/colloid.

1.2.3. Dysplasia

Dysplasia in the stomach is commonly used as a marker for the early
detection of gastric cancer due the several reasons. Firstly, it is the final step
of the progressive genetic and phenotypic changes that modify the original
cellular morphology, eventually generating a biologically new cell type that
is characterized by uncontrolled growth with the potential to migrate and



implant in locations beyond its original fixed site (Genta and Rugge, 2006).
Secondly, it is the earliest carcinogenic lesions in the gastric mucosal
recognizable by light microscope (Kunze et al., 1979). Thirdly, the majority
(50-80%) of patients have dysplasia progress to invasive carcinoma (Tan
and Fielding, 2006). Cellular atypia, abnormal differentiation, and
disorganised mucosal architecture are the major histological and cytological
features of epithelial dysplasia (You et al., 1993). These histological
changes can take place in the intestinal metaplasia and gastric epithelium,

both of which may be the source of carcinoma (Morson et al., 1980).

1.2.4. Risk factors

There are a number of acknowledged factors that increase risk of having
gastric cancer: helicobacter pylori gastric infection (Scheiman and Cutler,
1999); advanced age; the male gender (You et al., 1993); diet low in fruits
and vegetables; diet high in salted, smoked, or preserved foods; cigarette
smoking; chronic atrophic gastritis; intestinal metaplasia; pernicious
anaemia; family history of gastric cancer (Barber et al., 2006); familial
adenomatous polyposis and Menetrier's disease (giant hypertrophic gastritis)
(Tan and Fielding, 2006). Elaboration of the (postulated) mechanisms of
these risk factors to the occurrence of gastric cancer is outside the scope of

this thesis.

1.2.5. Symptoms

Gastric cancer is often asymptomatic or causes only non-specific symptoms
in its early stages. By the time when more severe symptoms occur, the
cancer has usually metastasized to other parts of the body, which accounts
for its poor prognosis. Some of the signs may include: indigestion and
heartburn; loss of appetite, especially for meat; abdominal pain or vague
abdominal discomfort; nausea and vomiting; diarrhoea or constipation;
stomach bloating or sense of fullness after eating; weight loss; weakness and
fatigue; bleeding in vomit or stool; stool that has turned black or tarry; and

fluid swelling in abdomen.



1.2.6. Diagnosis

Double contrast X-ray examination is the initial test for gastric cancer and
suspicious lesions will be further investigated by endoscopy (Tan and
Fielding, 2006). Endoscopic evaluation is widely used and is the golden
standard for the diagnosis of gastrointestinal neoplasm. However, the cost
effectiveness of this aggressive approach remains questionable. This is
because endoscopy is an invasive procedure with its own risks of morbidity
and mortality. Furthermore, this invasive method is time-consuming,
relatively more expensive and not suitable for large-scale screening

purposes (Feldman et al., 2004).

1.3. Urge for biomarker discovery

As an alternative to endoscopy, detection of serum biomarkers that are
indicative of the occurrence of gastric cancer is preferred. Nowadays, the
most frequently used gastric tumor markers are carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA 19-9), alpha fetoprotein antigen
(AFP) and human chorionic gonadotropin (hCG). However, all of them have
inadequate sensitivity and specificity with low predictive value for
population screening. Although most gastric oncologists would welcome a
blood test for the specific detection of the occurrence of gastric cancer and
in spite of the large number of groups that are searching for reliable
biomarkers, the progress in this front is very slow. Partly as a reflection of
how difficult the task is, the rate of introduction of new protein biomarker
tests approved by the United States Food and Drug Administration (FDA)
has paradoxically declined over the last decade to less than one new protein
diagnostic biomarker per year (Anderson and Anderson, 2002). Although
the figure is inclusive of all cancers, implication on the difficulty in finding
a reliable biomarker is apparent! The various kinds of difficulties
encountered will be discussed later (see Section 1.5.4). One of the biggest
hindrances in this type of study is the availability of the right samples. In
order to solve this problem, a rat cancer model was used in this study (see
Section 1.6 for details).



1.4. Proteomic technology

Studies using genomics approach to screen for cancer-related biomarkers
have been launched for decades. Nevertheless, there are still questions about
the correlation between the expression levels of mRNA and the
corresponding changes in the expression levels of the proteins expressed. It
Is reasoned that once the cascade of a particular biochemical signal starts off,
it may not require the continuous presence of mRNA information.
Furthermore, the advance in genomic DNA and mRNA researches has
improved our understanding of cell regulation. Yet, these studies cannot
illustrate precisely the physiological state of the living cell and its
modification at the functional level. This is why only a handful of genes
have been approved by FDA for cancer diagnosis purposes. While protein is
physiologically closely related to cellular functions, it is more likely to be
involved in the key pathways in the biological system and regulations of the
pathogenic processes. Thus proteomic investigation on disease states will be
the most appropriate and informative approach in the search of reliable

biomarkers for cancer.

1.4.1. Two-dimensional electrophoresis (2-DE) with matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS)

Two-dimensional electrophoresis (2-DE) was firstly described by Klose
(Klose, 1975) and O’Farrell (O'Farrell, 1975) in 1975. It consists of two
steps: isoelectric focusing (IEF) and sodium dodecylsulfate polyacrylamide
gel electrophoresis (SDS-PAGE). Proteins are firstly separated according to
their pl points in the first IEF step (Figure 1.3), and subsequently separated
by their molecular weights during SDS-PAGE (Figure 1.4). At present, the
use of immobilized pH gradients strip (IPGs) (Gorg et al., 2000) becomes
the choice material for running IEF. It can overcome limitations of the
chromatographic type of carrier ampholytes used in the first generation
2-DE process. The IPG based 2-DE, which has ampholytes immobilised on
a plastic support and hence will not migrate during the electrophoretic step,



provides better reproducibility, handling, resolution, and separation of very

acidic and/or basic proteins.
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Figure 1.3: Principle of isoelectric focusing (IEF). In the left hand side panel,

the 2 proteins (A and B) having 2 different isoelectric points (pla and plg),
they will be resolved from each other after the IEF step (right hand side

panel).
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Figure 1.4: Principle of gel electrophoresis. The pores of the gel sieve

proteins according to their size. The smaller the size, the faster a protein will

00, and vice versa.




After the electrophoretic separation of proteins, the gel is stained for
visualizing of the proteins before visual comparison. Coomassie blue is one
of the most commonly used stains. However, with the limitation of
insufficient sensitivity and a detection range of 200 - 500ng protein per spot,
this stain does not permit the detection of low abundance proteins. Thus,
silver staining and fluorescence detection have become popular substitutes.
These methods are far more sensitive with detection limits as low as 0.1ng

protein per spot or less.

After image analysis of gels containing samples with different
physiological stages (e.g. normal against cancer), gel plugs containing
proteins of interest (e.g. those that are differentially expressed) will be
excised before being digested by specific protease with high sequence
specificity, such as trypsin. The eluted analyte (i.e. tryptic digest of the
protein of interest) is co-crystallised with an UV absorbing matrix on a
target plate Dbefore being analyzed by a matrix assisted laser

desorption/ionization time-of-flight (MALDI-TOF) mass spectrometer.

The principle of mass spectrometry is to measure the mass (m) to
charge (z) ratio of ions for an analyte in the gas phase. Detailed elaboration
of the function and setup of a MALDI-TOF mass spectrometer is out of the
scope of this thesis. Briefly, a MALDI-TOF mass spectrometer consists of
three essential components: an ion source, a mass analyzer and a detector.
The analyte-matrix crystal increases the effectiveness in volatizing and
ionizing the proteins when it is irradiated by nitrogen laser pulse. The
ionized analyte is then directed and separated by the time-of-flight analyzer,
and the detector records the flight time of all ions before generating a mass
spectrum. The MALDI-TOF MS allows high accuracy in mass to charge

ratio and provides spectra of very high resolution (Figure 1.5).
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Figure 1.5: Schematic representation of the setup of a MALDI-TOF MS.

The spectrum generated for a protein is the peptide mass fingerprint
(PMF) of that particular protein. Except for proteins that share with highly
similar sequence homologies, the PMF of every single protein is unigue.
This experimental profile is then compared to the theoretical PMF masses
derived from in silico digestion at the same enzyme cleavage sites of the
proteins in the database for a match. A significant match will be either based
on calculated scoring scheme or based on a random probability algorithm.
Finally, the identity of the protein can be elucidated. Although highly
sensitive, it should be stressed that this method is both labour intensive and
low in throughput (Seibert et al., 2005).
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1.4.2. Surface-enhanced laser desorption/ionization time-of-flight mass
spectrometry (SELDI-TOF MS)

This technique aims to reduce sample complexity to a level at which whole
protein mass spectrometric profiles can yield a series of supposedly fairly
reproducible features. It is a commonly used non-gel based method, which
IS based on pretreatment of samples with various types of solid matrix called
protein chips. On their surfaces, protein extraction based on hydrophobic,
ion-exchange, metal binding, or other interactions can be performed. The
bound proteins are then eluted before being subject to MS analysis
(Diamandis, 2004).

It should be stressed that not all proteins can be well visualized by
SELDI-TOF MS, especially those with a molecular weight larger than
20kDa. The sensitivity of these high molecular weight proteins is low,
resulting in a smaller number of signals seen (Seibert et al., 2005).
Detection of low abundance proteins is another problem. When SELDI-TOF
analysis is performed with unfractionated serum, due to the presence of a
tremendous array of extremely high abundance to low abundance proteins,
these proteins will compete for binding to the same matrix. The low
abundance proteins, being the most informative, are highly unlikely to be
able to be immobilized onto the chips and detected. For example, it is
inexplicable that prostate cancer antigen (PSA), a validated biomarker for
prostate cancer, cannot be identified in any of the published studies using
SELDI-TOF-MS. Besides that, there are also discrepancies among these
studies. Take studies on prostate cancer as an example, five studies had
employed SELDI-TOF MS technology for the discovery of biomarkers
indicative of the occurrence of prostate cancer. Different sets of
“distinguishing peaks” between cancer and non-cancer patients were found
in these 5 studies. None of the distinguishing peaks among the five studies
for prostate cancer agreed with one another (Diamandis, 2004). This
highlights the weaknesses of the SELDI-TOF MS technology in attempts to

find reliable disease biomarkers.
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1.5. Perspectives of proteomic approach in the discovery of serum

biomarkers of gastric cancer

1.5.1. Serum sample analysis

Serum, being the best protein sample representative of the whole body
condition, is a favorite sample for investigation. It is easily accessible with a
low degree of invasiveness. The possible presence of serum biomarkers rest
on the hypothesis that as blood/plasma/serum contains tens of thousands of
different proteins, along with their cleaved or modified forms, they can
reflect the ongoing physiological and pathological events. Specifically,
when blood and/or lymph perfuse the carcinogenic tissues, they will carry
“neoplasm-related” proteins and protein fragments passively or actively into
the systemic circulation. The complex chemistry of the tumor-host
microenvironment and/or reactions of the body to the neoplasm should
generate unique signatures in the blood microenvironment. Therefore, these
specific patterns-specific serum biomarkers can be used to screen patients

with early gastric cancers.

Some researchers compared serum proteomes from patients having
gastric cancers with those from healthy controls. Any differentially
expressed proteins would be taken as possible candidates of gastric cancer
serum biomarkers. One of the major advantages of this strategy is that no
pre-selection of biomarker candidates is required as many molecules are
screened in a single experiment. Furthermore, no biological knowledge
about the patho-physiology of the disease is required (Villar-Garea et al.,
2007). In a study done by Chan et al. (Chan et al., 2007), serum samples
from gastric cancer patients and healthy controls were compared by
traditional 2-DE before MALDI-TOF MS analysis. A markedly increased
serum amyloid A (SAA) was identified by this comparative proteomic
approach in the cancer patients. ELISA assay was also carried out to verify
the above findings. Results showed that the mean SAA concentration was
higher in the gastric cancer patients (88.54 + 50.44 mg/L) when compared
to that of the healthy subjects (3.36 + 2.29 mg/L) (P < 0.05). Further
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validation of the up-regulation of SAA was performed using
immunohistochemical staining which showed visible immunoreactivity in
resected tumor specimens from the patients with gastric cancer. No
immunoreactivity could be seen in samples from the control healthy
subjects. These results suggested that SAA was useful in predicting survival
of patients with gastric cancer, and was a valuable tool for postoperative

follow-up.

Serum samples from 14 gastric cancer patients and 14 healthy
individuals were analyzed by Ebert et al. (Ebert et al., 2006) with
prefractionation using magnetic bead-based C8-hydrophobic
chromatography resins. The eluates were analyzed subsequently by
MALDI-TOF-MS. Fibrinopeptide A was found to have increased in the
gastric cancer patients. This result was further confirmed by performing
ELISA test on serum fibrinopeptide A levels. However, increased
fibrinopeptide A serum levels were not specific for gastric cancer; the same
results were also found in hepatocellular, ovarian and urothelial cancers.
One of the reasons for this non-specificity is the fact that during tissue
injury, fibinogen is cleaved to fibrin by thrombin with the release of
fibrinopeptides A and B. Therefore, any injury, whether it is from gastric
cancer or not, is likely to increase the level of fibrinopeptide A level in
blood.

Back to the criticism on earlier proteomic studies that only abundant
proteins in the plasma proteome were found, Liu et al. (Liu et al., 2007b)
employed an immunoaffinity removal method to clear most of the highly
abundant proteins from serum samples. Serum samples from 20 gastric
cancer patients and 10 healthy controls were collected and processed with
ProteoExtract Albumin/lgG Removal Kit to remove albumin and 1gG. After
comparative analysis using 2-DE before MALDI-TOF MS identification,
three proteins including complement C4-B precursor, complement factor |
(CFI) precursor and haptoglobin precursor were found to be differentially
expressed in sera from the gastric cancer patients. In validation experiments

using Western blotting and in comparison with sera from the healthy
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controls, it was found that C4-B precursor was over-expressed in sera from
the patients with gastric cancer, while both CFI precursor and haptoglobin
precursor were under-expressed in the gastric cancer sera. According to the
authors, further investigation on the possible relationship between these
proteins and disease is required before these biomarkers could be put into

common use.

One of the main reasons why many researchers are cautious in
saying that their candidate biomarkers are ready for common use is because
there are too many variations in their samples. Limitations over the
availability and suitability of human samples used in any of these
investigations, such as the date and time of collection, drugs administered,
heterogeneity due to differences in diet, race and age etc. are difficult to
control and/or optimized. Therefore, some researchers resorted to use
animal models. Juan et al. (Juan et al., 2004) developed a strategy that
combines a tumor xenotransplantaion model in nude mice with comparative
proteomic technology. Human gastric cancer cell line SC-M1 was used to
inoculate into nude mice. One month after the inoculation, plasma was
collected for proteomic analysis using 2-DE and subsequent MALDI-TOF
MS. Plasma proteomes from these inoculated mice were compared with
those obtained using plasma from untreated mice. Various acute phase
proteins such as haptoglobin and SAA were found to be up-regulated in the
tumor-bearing mice. SAA and haptoglobin were confirmed to originate
from the mouse hosts and not from the human cancer cell line donors by
immunohistochemistry. Up-regulation of SAA was further validated with
the serum samples obtained from patients with gastric cancer. One of the
concerns of this study is the fact that injection of phosphate-buffered-saline
(PBS) into these nude mice was taken as controls to those nude mice
receiving the human cancer cells. Instead of using PBS, injection of some
non-cancerous cell lines should have been used as control. SAA is a known
acute phase protein that is related to inflammation. Whether SAA
production in the SC-M1-injected nude mice is due to rudiment activities of
their much impaired immune system is currently unknown. Further, there

was no absorption procedure to remove abundant serum proteins such as
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albumin. Therefore, major abundant proteins including SAA were seen
over-expressed in the 2-DE gels of these patients. This topic will be

elaborated more in Section 1.6 below.

1.5.2. Tissue sample analysis

Human gastric tissues are also widely used in the search for differential
protein expression. Some researchers compared proteomes from gastric
tumor tissues with those from adjacent matching non-cancerous samples
taken from the same patients. Quantities of differentially expressed proteins
identified in the gastric tumor samples will then be measured in the patients’
sera, with the expectation that changes in protein amount in the tissue
samples and serum samples will agree with each other. Generally, this
approach is based on the hypothesis that the proteins found are either
secreted proteins from the tumor so that they will go into blood, or specific
surface proteins in the tumor which will leak out into blood. These proteins
and/or their fragments can then be used as serum biomarkers for gastric

cancer.

Ebert et al. (Ebert et al., 2005) screened gastrectomy specimens
obtained from ten patients with gastric cancer. After enriching an epithelial
cell fraction of these samples, cellular homogenates were resolved by 2-DE.
They compared the cancer-proteome to that obtained from matched normal
non-malignant mucosal preparation. One hundred ninety-one differentially
expressed protein spots were found by 2-DE and identified by MALDI-TOF
MS. Among the 191 differentially expressed protein spots that were
identified, cathepsin B was found to be over-expressed in 60% of the cancer
patients. (The other proteins that were listed in the publication are shown in
Table 1.1) Western blotting confirmed that the active form of cathepsin B
was over-expressed, while immunohistochemistry showed strong
cytoplasmic staining in cancer tissues of 98% of the patients. Further, the
serum levels of cathepsin B were significantly higher in the gastric cancer
patients (mean concentration 129.41 + 79.55 pmol/L) compared with the

control patients without evidence of a malignant disease (mean 56.92 + 67.4
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pmol/L; p = 0.0026). Besides, there was also a significant association
between the size of the primary tumor and the presence of distant metastases.
Furthermore, high cathepsin B serum levels were also associated with a
poor survival in patients undergoing cancer surgery (Petricoin et al., 2002).
However, as this study is retrospective in nature, up-regulated proteins such
as cathepsin B are not early diagnostic biomarkers. They are rather
prognosis biomarkers. In addition, cathepsin B is also over-expressed in
other cancer patients, such as patients with prostate cancer (Sinha et al.,
2007), colon cancer (Alencar et al., 2007) and breast cancer (Turashvili et
al., 2005). Its potential as a specific biomarker for gastric cancer is yet to be

confirmed.

Ryu et al. also compared the proteome of human gastric cancer
tissue samples with those from non-cancerous region (Ryu et al., 2003).
Among the 140 spots identified, seven up-regulated proteins in cancer
patients were found. They were NPS3, transgelin, prohibitin, heat shock
protein (hsp) 27 and variant, protein disulfide isomerase A3, an unnamed
protein product, and glucose-regulated protein. In addition, another seven
proteins that were under-expressed were also observed. They were
apolipoprotein ~ A-l, p20, nucleoside diphophate isomerase A,
a-1-antitrypsin, desmin, serum albumin, and serotransferrin. The authors
neither discussed the possible reasons why specific proteins were up- or
down-regulated nor suggested the use of any of the differentially expressed
proteins as specific biomarkers. However, it should be stressed that among
the differentially expressed proteins, increased expression of HSP27 was
also found by other researchers (see below).

Undertaking a similar strategy, another group, He et al. (He et al.,
2004) also employed 2-DE to analyze primary gastric cancer tissues. In the
gastric cancer tissue proteome, they noticed multiple protein alterations
when compared to the proteomes of non-tumor tissues. These alternations
included variations in the expression of cytoskeleton proteins, such as an

increase in cytokeratin 8 and a tropomyosin isoform as well as a decrease in
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cytokeratin 20. Co-up-regulations of HSPs and glycolytic enzymes were
also observed in these tumor tissues. According to the authors, these
up-regulations indicate the self-protective efforts of cells and the growing
energy requirement during malignant transformation. Down-regulations
were also seen in proteins involved in cell proliferation and differentiation.
These proteins included GMP reductase 2, creatine kinase B, and proteins
bearing potential tumor suppressor activities, including prohibitin and
selenium binding protein 1. Lastly, a human stomach-specific protein, 18
kDa antrum mucosal protein (AMP-18 with NCBI Accession number =
26000208, AAN75447 and experimental Mr/pl = 20kDa / 6.0), was found to
be dramatically down-regulated in cancer tissues. According to the authors,
the decreased AMP-18 production implicates a possible special pathological
role for this protein in gastric carcinogenesis. In the same year, Oien et al.
(Oien et al., 2004) reported that this AMP-18 was also down-regulated in
their cohort of gastric cancer patients. According to these authors, the
protein was renamed as gastrokine 1 by the Human Gene Nomenclature
Committee in 2003. These authors found that gastrokine 1 was highly
expressed in  normal stomach, where it was located in the
superficial/foveolar gastric epithelium. However, gastrokine 1 was absent
from gastric carcinomas. Furthermore, gastrokine 1 was found only in
epithelia showing gastric metaplasia, such as Barrett's oesophagus, the
ulcer-associated cell lineage and ovarian mucinous neoplasms. Although
there is no solid proof, these authors speculated that gastrokine 1 (also
called CA11, AMP-18 or foveolin) has a role in mucosal protection. Further
research is required to see if gastrokine-1 could be used as a specific cancer

biomarker.

Yoshihara and coworkers also tried to minimize individual variations
by studying protein alternations between tumor and non-tumor tissues from
the same gastric cancer patients (Yoshihara et al., 2006). It was found that a
non-histone chromosomal protein called high-mobility group-1 protein
(HMG-1) was elevated in tumor tissue. HMG-1 is a DNA-binding protein
that regulates the transcription of various genes and the structural
stabilization of chromosomes. It was reported to be associated with
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carcinogenesis and metastasis in colorectal and breast cancer. On the other
hand, these authors reported a remarkable decrease in the level of foveolin
precursor (FOV, Accession number = 38488935; AAR21211 with Mr/pl =
20kDa/5.7). This protein was called gastrokine-1 in the report by Oien et al.
(Oien et al., 2004). RT-PCR was performed and the results revealed
significant down-regulation of FOV mRNA expression in tumor tissues
(Yoshihara et al., 2006). Hence, results of Yoshihara et al. reinforced the
observations made by He et al. (He et al., 2004) as well as Oien et al. (Oien
et al., 2004). Therefore, a decrease in gastrokine-1/FOV may be seen as a

specific phenomenon for the occurrence of gastric cancer.

Ten pairs of samples consisting of gastric cancer tissues and their
corresponding adjacent sections were analyzed by Zhang (Zhang et al.,
2007). After resolving by 2-DE, the gastric cancer associated proteins were
identified by MALDI-TOF-TOF MS; they included twelve up-regulated and
thirteen down-regulated proteins. Extra attention was paid to one of the
down-regulated protein, MAWBP. Quantitatively, the expression of
MAWBP was measured with real-time PCR and semi-quantitatively with
Western blot. Immunohistochemical staining also confirmed the existence
of MAWBRP in the gastric cancer tissues.

After proteomic analysis of 14 paired samples of gastric carcinomas
and their corresponding non-cancerous gastric mucosa, Nishigaki et al.
found nine proteins with an increased expression and 13 with a decreased
expression in gastric cancer (Nishigaki et al., 2005). The two most notable
groups included proteins involved in mitotic checkpoint (MAD1L1 and EB1)
and mitochondrial functions (CLPP, COX5A, and ECH1). These results
suggested that there were links between dysfunctions in these processes and
gastric carcinogenesis. More importantly, immunohistochemical analyses
confirmed that the levels of expression of MAD1L1 and CYR61 were
decreased in gastric carcinoma tissues while HSP27 was increased in gastric

carcinoma tissues.
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A different approach was adopted by Chen et al. (Chen et al., 2004),
who used a well described N-methyl-N’-Nitro-N-Nitrosoguanidine (MNNG)
intoxicated Wistar rat gastric cancer model to investigate the protein
profiling of carcinogenesis and metastasis in the induced gastric cancer
tissues. After 2-DE and MALDI-TOF-MS analysis of the cancer tissues and
matching normal tissues, they found that 11 proteins were up-regulated and
two proteins were down-regulated (Table 1.1). In particular, the
over-expression of HSP27 in gastric cancer was confirmed by
immunohistochemical analysis of human gastric cancer specimens. HSP27
is a known molecular chaperone with an ability to interact with a large
number of proteins (Kato et al., 1992). It was said that its production is
accelerated in non-physiological conditions and that it will aid cell survival.
Thus, it was speculated that overproduction of HSPs could protect
malignantly transformed cells from apoptotic cell death and foster resistance
to chemotherapeutic agents and irradiation (Witkin, 2001; Concannon et al.,
2003). Its expression is associated with poor prognosis (Kapranos et al.,
2002). However, higher expression of HSP27 protein had been previously
reported in liver, breast, colon and gastric cancers (Lemieux et al., 1997;
Garrido et al., 1998; Yu et al., 2000; Kapranos et al., 2002; Ryu et al., 2003).
Therefore, HSP27 may not be a specific biomarker for the occurrence of

gastric cancer.

Given the retrospective nature of most gastric cancer biomarkers
studies discussed above, researchers had tried to the improve quality of data
with samples from gastric cancer cell lines. Takikawa et al. (Takikawa et al.,
2006) used 2D-DIGE coupled with MALDI-TOF MS to identify specific
proteins differentially expressed between a highly metastatic stomach
cancer cell line MKN-45-P and its parental cell line MKN-45. Their results
revealed up-regulation of eight proteins (IFN-induced Mx protein, Gly-,
Tyr-, Trp-tRNA synthetase, the flavoprotein subunit of complex II, the ts11
cell cycle protein, keratin 5 and adenylate kinase) and down-regulation of
five proteins (pyruvate kinase, cytokeratin 8, didydrodiol dehydrogenase,
annexin |, and carbonic anhydrase I1). It was found that these 13 proteins

were mainly involved in protein synthesis, metabolism, receptor and signal
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transduction, the cytoskeleton and cell cycling. It was hoped that these

results could be informative and applied in large-scale validation studies.

On the other hand, Lee et al. (Lee et al., 2005) tried to identify the
target antigen of a reported stomach cancer specific antibody, MG7 mAD,
using KATO Il and MKN-45 gastric carcinoma cell lines. MG7 antigen
was found to have decreased in gastric cancer patients who underwent
gastrectomy. This allowed MG7 detection to be used in diagnosis of the
presence of gastrointestinal cancer as well as to evaluate the effectiveness of
and treatment outcome after cancer therapy. With 2-DE and Western
blotting, two proteins of 35 kDa were consistently detected by the MG7
antibody. Followed by MALDI-TOF MS, these MG7 immunoreactive
proteins were identified as the herterogeneous nuclear ribonucleoprotein
A2/B1 (hnRNP A2/B1). Four of the five gastrectomy samples from patients
with gastric cancer showed positive results in Western blotting with
commercially available hnRNAP A2/B1 antibodies. However, hnRNAP
upregulation is also found in other types of cancer (Turck et al., 2004; Zech
et al., 2006).

1.5.3. Gastric juice analysis

Besides gastric tissues as well as blood related body fluid, other types of
samples were also investigated. Gastric juice is a unique body fluid
containing most of the chemical components secreted from the stomach.
Gastric juice has become a choice of study because it is speculated that its
composition and relative concentration will reflect the functional state of the

stomach.

Lee et al. (Lee et al., 2004) utilized gastric juice in 2-DE analysis
aiming to obtain disease specific protein expression patterns. In healthy
subjects, pepsin A, pepsin C and gastric lipase were the major proteins, but
they were not detected in 60% of gastric cancer cases. Conversely, an
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extraordinary amount of a-1 antitrypsin was observed in gastric cancer

patients, while it was only detected in 5% of the healthy group.

Another group, Hsu et al. (Hsu et al., 2007), investigated the protein
components in gastric juice by 2-DE and MALDI-TOF MS. They found that
frequency of occurrence of the specific a-1-antitrypsin precursor was higher

in gastric cancer patients (93%) compared to that of healthy subjects (6%).
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Research group

Proteins

Expression

Chan et al.
(Chan et al,
2007)

Chen et al.
(Chen et al,
2004)

Ebert et al.
(Ebert et al.,
2005)

He et al.
(He et al,
2004)

Serum amyloid A

Catecholamine-O-methyltransferase

Protein disulfide isomerase
Alpha-1-antitrypsin precursor
Heat shock 27 kDa protein
Haptoglobin precursor
Desmin

Albumin

3-mercaptopyruvate sulfurtransferase

Calreticulin

ATP synthase beta-subunit

Myosin light chain alkali, non-muscle isoform/myosin light chain

alkali, smooth-muscle

Cathepsin B

Proteasome activator hPA28 subunit beta

Enhancer of rudimentary homolog

PDZ and LIM domain protein 1

Transitional ER ATPase
Peroxiredoxin 2

CALl1 protein
Cathepsin E precursor

Gastricsin precursor

Complement componentl, Q subcomponent binding protein
BC007716) unknown / (AF058954) GTPspecific succinyl-CoA

synthetase beta subunit

ATP synthase D chain

Dihydrolipoamide dehydrogenase, mitochondrial precursor
Electron transfer flavoprotein-ubiquinone oxidoreductase
Fumarate hydratase, mitochondrial precursor
NADH-ubiquinone oxidoreductase 42 kDa subunit
Succinate dehydrogenase [ubiquinone] flavoprotein

150 kDa oxygenregulated protein precursor

Cytokeratin 8

Prohibitin

Tropomyosin isoform
Enolase 1
Trisoephosphate isomerase

Phosphoglycerate mutase 1
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Research group | Proteins Expression
Pyruvate kinase T
Chaperonin containing TCP1 T
Heat shock protein 60 T
Heat shock cognate 71 protein T
Protein disulfide isomerase 0
Translation elongation factor EF-Tu T

He et al. Alpha-1-antitrypsin {

(He et al., | Apolipoprotein A-1 J

2004) GMP reductase 2 \’
Creatine kinase B 3
Selenium binding protein 1 N
Cytokeratin 20 |
Carbonic anhydrase | N
Carbonic anhydrase I1 N
18kDa Antrum mucosa protein N

Hus et al.

(Hsu et al., | Alpha-1-antitrypsin T

2007)

Juan et al. Haptoglobin 0

(Juan et al,

2004) Serum amyloid A T

Lee et al.

(Lee et al., | Alpha-1-antitrypsin 0

2004)

Liu et al. Complement C4-B precursor T

(Liu et al., | Complement factor I J

2007h) Haptoglobin +
Annexin 5 0
Bisphosphate 3-nucleotidase 0
Microtubule-associated protein, RP/EB family, member 1 T
GST )
Heat shock 27 kDa protein 1 0

Nishigaki etal. | MADS box transcription enhancer factor 2, polypeptide C )

(Nishigaki et | Nicotinamide A-methyltransferase 0

al., 2005) UDP-glucuronosyltransferase 0
ApoA-I binding protein \2
Serum amyloid P component precursor J
CA11 protein \2
ATP-dependent proteolytic subunit £. co/; homolog N
Cytochrome c oxidase subunit Va N

23



Research group | Proteins Expression
Tumor RMS cell line RD specific product J
Enoyl Coenzyme A hydratase 1, mitochondrial and peroxisomal J
Nishigaki etal. | Serine proteinase inhibitor, clade B (ovalbumin), member 1 {
(Nishigaki et | Ferritin, heavy chain J
al., 2005) Cytosolic inorganic pyrophosphatase J
Mitotic checkpoint protein isoform MAD1a J
Mannose-6-phosphate isomerase J
Oien et al.
(Oien et al., | Gastrokine 1 N
2004)
NPS3
Transgelin
Prohibitin
Heat shock protein (hsp) 27 and variant
Protein disulfide isomerase A3
Unnamed protein product
Ryuetal. Glucose-regulated protein
(Ryu et al,
2003) Apolipoprotein A-1

Takikawa et al.

(Takikawa
al., 2006)

et

P20

Nucleoside diphophate isomerase A
ol antitrypsin

Desmin

Serum albumin

Serotransferrin

Interferon-induced Mx protein
Glycyl-tRNA synthetase
Flavoprotein unbunit of complex 11
Ts11 cell cycle protein

Adenylate kinase 2
Tyrosyl-tRNAsynthetase

Keratin 5

Transfer RNA-Trp synthetase
Cytokeratin 8

Dihydrodiol dehydrogenase isoform DD1
Annexin |

Annexin A2, isoform 2

Pyruvate kinase

Carbonic anhydrase 11
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Research group | Proteins Expression

Manganese superoxide dismutase

Nonhistone chromosomal protein HMG-1
Yoshihara et al.

(Yoshihara et
al., 2006)

Carbonic anhydrase |
Carbonic anhydrase Il
Aspartate aminotransferase 2 precursor
Glutathione S-transferase
SM22
a-tropomysin
cathepsin D
ATP synthase
HSP27
HNRNP A2
actin alpha 2
SEPT2 protein
calponin 1
ACTG protein
aldehyde dehydrogenase
Zhang et al. NADH dehydrogenase Fe-S protein 8
(Zhang et al., | acyl-coA dehydrogenase
2007) NDUFV2 protein
MAWBP
hypothetical protein
isocitrate dehydrogenase
aldehyde dehydrogenase 6A1
annexin |
pyruvate kinase 3 isoform 1
aldo-keto reductase familty 1 B10
dihydrodiol dehydrogenase isoform DD1
carbonyl reductase 1

HNRNP-E1
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HSDL2 protein

Table 1.1: Differential proteins identified by different proteomics research

groups regarding gastric cancer. (T: up-requlated in cancer, {:

down-requlated in cancer)
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In the studies discussed above, several proteins were repeatedly
found to be differentially expressed in serum or tissue samples from patients
with gastric cancer when compared to non-neoplastic serum/tissue samples.
They were apolipoprotein A-l, a-1-antitrypsin and HSP27. However, we
know that apolipoprotein A-1 and a-1-antitrypsin are abundant proteins
present in human blood. Therefore, their roles as specific biomarkers for
gastric cancer have to be verified. Furthermore, minor proteins such as
HSP27 and hnRNP A2/B1 are not specifically related to gastric cancer.
Taken overall, we are yet to have a specific (set of) early diagnostic protein

biomarker for a large scale screening of gastric cancer.

1.5.4. Difficulties encountered

Although researchers are working hard on biomarker discovery, identifying
sensitive and specific serum biomarkers for early diagnosis of gastric cancer
still remains a daunting challenge. The biggest problem is the presence of
the high abundant proteins which interfere with the exhibition of some low
abundant proteins that may be very important. All of the current, clinically
utilized cancer serum biomarkers are low abundance proteins that usually
constitute less than one billionth the concentration of albumin. Based on
these precedents, specific cancer biomarkers will almost certainly be low
abundance proteins (Hoffman et al., 2007), as shown in Table 1.2. A few
proteins such as albumin, immunoglobulins, haptoglobin, antitrypsin and
transferrin constitute around 90% of all protein masses present in serum
samples (Yu et al., 2005). Serum samples should therefore be treated to
concentrate these relatively rare biomarkers for the discovery process.
Multiple approaches for simplifying the serum proteome have been done
and compared. These serum fractionation schemes include N-linked
glycopeptide enrichment, cysteinyl-peptide enrichment, magnetic bead
separation (C3, C8 and WCX), size fractionation, protein A/G depletion,
and immunoaffinity column depletion of abundant serum proteins. After
comparing with the results obtained from the unfractionated human serum,

it was found that the immunoaffinity subtraction is the most effective means
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for simplifying the serum proteome while maintaining a reasonable sample
throughput (Whiteaker et al., 2007).

Cancer biomarker = Reference range (ng/mL)  Difference from albumin

AFP 0-15 10°
PSA 0-4 10’
CEA 0-3 10’
hCG 0-01 10°

Table 1.2: Concentration of some classical cancer biomarkers in serum and

their comparison to albumin (Hoffman et al., 2007).

Another difficulty for biomarker discovery is the intrinsic variation
of serum samples within individuals (Juan et al., 2004). The proteome
pattern of serum depends on a number of factors, including the genetic
background, sex, age, nutritional status, lifestyle, medical treatment and bed
rest. The methods of samples collection, protocols for preparation and
storage of samples are also extremely sensitive to the proteome patterns.
Lastly, given the significant research efforts worldwide that are in place to
discover useful cancer biomarkers, the process is still slow and difficult
most of the time. This is because the validation of a biomarker is more
difficult and time-consuming than its discovery. Unfortunately, validation
has to be performed and successfully validated before the candidate
biomarkers can be translated from the discovery phase to become viable

clinical screening tools. Therefore, the challenge is still on.
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1.6. Gastric cancer model in rat

Given that human variations are huge and clinical relevant samples are
difficult to obtain, animal cancer models provide a reasonable alternative.
Since the 1930s, attempts to experimentally induce gastric cancers in rat had
been performed by researchers using several different carcinogens such as
benzo[a]pyrene,  3-methylcholanthrene, and 2-acethylaminofluorene
(Tsukamoto et al., 2007). However, the incidences of experimentally
induced gastric cancer were low. It was not until 1967 when Sugimura and
Fujimura were able to report good yields of adenocarcinomas in the
glandular stomachs of rats fed with a chemical carcinogen called
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) (Sugimura and Fujimura,
1967). Rat gastric cancers have histological features very similar to that of
human cancers, and they can closely reflect the effects of various tumor
promoters, such as salt and sex hormones, and those of preventive agents
such as green tea components (Niwa et al., 2005). Thereafter, rats have been
used most extensively in gastric carcinogenesis studies with the cancer
induced with MNNG ingestion (Kobori et al., 1976; Tahara et al., 1976;
Kobori et al., 1977; Matsukura et al., 1978; Kobori et al., 1984; Ohgaki et
al., 1984; Ohgaki et al., 1991; Yuasa et al., 1994; Schwab et al., 1997).
Besides using rats with MNNG-induced gastric cancers to investigate the
gastric carcinogenesis process, this model is also used in chemopreventive
agents intervention studies (Ganapathy et al., 2008; Manikandan et al.,
2008).

1.6.1. Wistar rats

It has been ascertained that the susceptibility of the gastric epithelium to
MNNG varies among several strains of rats under similar experimental
conditions. Wistar rats are the most susceptible one, while Buffalo strain is
the most resistant (Kobori et al., 1976). Besides, male rats are generally
more susceptible to gastric carcinogenesis induced by MNNG than females
(Ohgaki et al., 1983).
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The sequential morphological changes of the glandular stomach of
rats intoxicated with MNNG in drinking water had been described (Kobori
et al., 1976). In the first 2 weeks of MNNG administration, erosions with
severe inflammatory reaction are rapidly induced. These erosions will
gradually subside in weeks 6-8. In the following 6 weeks, regenerative
changes are mainly observed. Subsequently, atypical changes are then
observed in weeks 15-32. Finally, adenocarcinomas of the glandular
stomach will be induced in weeks 35-72 (Yamashita et al., 2002).

1.6.2. Gastric cancer induction mechanism by MNNG

MNNG is used for gastric cancer induction because it is a direct acting
mutagenic and carcinogenic compound. It induces the methylation of
nucleic acids, forming mainly 7-methylguanine with a tiny amount of
3-methyladenine, 1-methyladenine, 3-methylcytosine, and O°-methyguanine
(Craddock, 1968; McCalla, 1968; Singer et al., 1968; Lawley and Thatcher,
1970; Lawley and Shah, 1972). MNNG methylates proteins as well. It is
found that O°-methyguanine is one of the most crucial adducts for mutation
and can be repaired by O°-methyguanine DNA methyltransferase. When the
pyloric mucosa of the rat glandular stomach is exposed to MNNG, erosive
lesions occur with disordering of glandular structures and proliferation of
pyloric mucosa. Atypical glands and stomach cancer cells are detected
subsequently. In the end, both differentiated and undifferentiated stomach
carcinomas mimicking the histological types of human stomach cancer are

induced (Sugimura and Fujimura, 1967).

MNNG is target tissue specific when given in drinking water, it
selectively causes induction of tumors in the glandular stomach but not in
the oesophagus and fore-stomach of rats. As MNNG is related to
methylation, this phenomenon shows that gastric cancer induction in
MNNG-ingested rats has a great relationship with the extent of DNA
methylation. It has been reported that after a single oral administration in
rats, the concentration of methylpurines in the glandular stomach was 9
times higher than that in the fore-stomach, 20 times higher than that in the
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oesophagus, and 1.3 times higher than that in duodenum (Wiestler et al.,
1983). The regional differences in DNA methylation are believed to be
related to the concentrations of cellular thiols which boost the
decomposition of MNNG and the extent of its macromolecular binding. The
concentration of thiols in the oesophagus and fore-stomach are 25% and

10% of that in glandular stomach, respectively.

Tumor incidence in the small intestine is found to be comparatively
lower as MNNG is rapidly converted to non-carcinogenic
N-methyl-N’-nitroguanidine (MNG) owing to the acidic conditions of
gastric juice (Mc and Wright, 1948).

1.6.3. Enhancement effect of sodium chloride

Both the incidence and the size of gastric tumors in rats increased when
10% of sodium chloride was added in the diet during the treatment with
MNNG (Takahashi et al., 1983). It signifies that NaCl acts as a
co-carcinogen in the commencement of gastric carcinogenesis induced by
MNNG in rats. Sodium chloride also acts as a gastric carcinogenesis
promoter as the incidences of gastric carcinomas were found to be higher in
rats ingesting NaCl after termination of MNNG treatment than those given
MNNG alone (Takahashi et al., 1984). Sodium chloride has been proven
to induce ornithine decarboxylase activity and semiconservative DNA
replication in the gastric mucosal of rats, suggesting promotion activity of
NaCl in the stomach (Ohgaki et al., 1984).

Given the important accessory role of NaCl in inducing gastric
cancer in rats with MNNG ingestion, it is adopted in our study. Details of
the MNNG-ingestion protocol in the presence of NaCl will be discussed in
Chapter 2.
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1.7. Aims and objectives

Since there are urging needs in the discovery of early biomarkers of gastric
cancer, the present study aims to discover new biomarker candidates with
high sensitivity and specificity with proteomic technologies. The study is

mainly divided into three parts.

The first part of the study was to establish a gastric cancer model in

rat with the induction of a chemical carcinogen.

For the second part, chicken antibody was raised and employed in an
immunodepletion column. This immunodepletion column will be used to
deplete most of the high abundance proteins presence in serum for further

analysis.
Comparative proteomics were done in the last part of the study for

the identification of differentially expressed proteins. Results obtained from

conventional 2-DE and 2D-DIGE were compared.
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Chapter 2: Materials and methods

2.1. Introduction

This chapter describes the research methodology, methods and materials
used in this study. The establishment of the animal model, sampling
methods, and cancer detection methods were described. The use of antibody
production in hens approach and a comparison of different antibody
purification methods were included. The preparation of the affinity column
and the proteins depletion process were stated. Various protein detection and

analysis methods were also described.

2.2. Materials

Unless stated otherwise, all chemicals used are from Sigma (USA) with at
least Analytical Grade (AR). Further, organic solvents including acetonitrile,
methanol and trifluoroacetic acid are at least of HPLC grade. Plastic wares
are of the highest quality to avoid leakage of the polymers. Eppendorf vials
are of the highest analytical grade from Eppendorf (USA).

2.3. Animal model

2.3.1. Wistar rats

Twenty-four male Wistar rats of 6 weeks old were purchased from the
Laboratory Animal Services Centre (LASEC) of The Chinese University of
Hong Kong. Animals were housed in polycarbonate cage under standard
laboratory condition, with room temperature 23+2°C, relative humidity 60+
5%, 12h light/dark cycle. The animals were given food and water ad libitum.
All the procedures were performed according to protocols approved by the
Animal Subjects Ethics Subcommittee of The Hong Kong Polytechnic
University. (Ethics Approval no.: ASECS No0.06/25).
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2.3.2.Gastric cancer induction by N-methyl-N’-nitro-N-nitrosoguandine
(MNNG)

After acclimatization to the laboratory conditions for 2 weeks, gastric cancer
induction by MNNG started when the rats were 8-week old. 19 rats in the
experimental group were given drinking water containing 0.01% MNNG
freshly prepared everyday. ImL 10% NaCl was given weekly by oral
gavage in the initial 6 weeks to initiate gastric carcinogenesis induced by
MNNG (Chen et al., 2004). The solution was stored in lightproof bottles to
avoid the degradation of MNNG by light. 5 control rats were given normal

tap water. Body weight of each rat was recorded every 2 weeks.

Figure 2.1: (A) Rat fed with ImL 10% NaCl weekly and (B) weighed
bi-weekly.
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2.3.3.Blood sample collection

Starting from week 8 after gastric cancer induction by MNNG, blood sample
was collected from each rat biweekly. Under slight ether anesthesia, about
1.5mL blood was taken from the vein underneath the eye with a sharp glass
capillary tube. The blood was allowed to clot by standing at room

temperature for 1 hour. It was then centrifuged at 2,000g at 4°C, for 20mins.
The serum obtained was aliquot and was stored at -80°C until use. None of

the samples were stored more than 12 months.

Figure 2.2: (A) Rat was lightly anesthesized with ether before (B) collecting

blood from the vein underneath the eye.
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2.3.4.High resolution X-ray analysis of stomachs

Starting from week 19, the experimental rats were examined by high
resolution X-ray monthly. The mammography machine, MAMMOMAT
3000 (Siemens, Germany), was provided by the Radiographic Clinic in The
Hong Kong Polytechnic University. Under anesthesia with ketamine
(90mg/kg) and zylaxine (10mg/kg), 1mL 10% gastrografin was given by
oral gavage to coat the stomach wall. Subsequenhtly, about 50mL of air was
administrated orally to inflate the stomach for better observation. The rat
was put in prone position for X-ray radiation (Figure 2.3). The X-ray
condition was set with voltage ranging from 23kV to 35kV, and
milli-Ampere seconds varied from 2mAs to SmAs.

Figure 2.3: Rat in prone position for high-resolution X-ray examination.
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2.3.5. Histological examination of gastric tissues

In cases where gastric tissues of rats were required, the stomachs were
removed from the animals before they were fixed in 10% buffered formalin
to stabilize the tissues to prevent decay. Each stomach was cut into 4 strips,
including 1 strip in proximal the stomach, 2 strips in the body of stomach
and 1 strip in the distal stomach (as shown in Figure 2.4). They were

immersed into formalin at 53.7°C for 6 hrs. The samples were then

immersed in multiple baths of ascending concentration of ethanol to
dehydrate the tissues, followed by xylene, a clearing agent before being
finally put in hot molten paraffin wax. The sampe was then embedded in a
mould and allowed to cool and harden. The tissue was sectioned into 4pum
using microtome. The slices were placed on a glass slide for staining with
hematoxylin and eosin. Hematoxylin stains the nuclei blue, while eosin
stains the cytoplasm pink. The specimens were analyzed under a light
microscope. Occurrence of dysplasia and/or adenocarcinoma was examined
before being confirmed by Dr. Pak-kwan Hui, Consultant Pathologist and

Chief-of-Service of the Pathology Department of The Kwong Wah Hospital.

Esophagus —_/ \__— Proximal stomach

Duodenum — /—— Body of stomach

Distal stomach

Figure 2.4: Stomach resected from the rat is cut along the red dot line for

histological study.
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2.4. Antibody production in hens and purification of IgY from egg yolk

2.4.1. Antibody production

200ug of rat serum from normal Wistar rats diluted with PBS (0.5 ml final
volume) was mixed 1:1 (v/v) with either Complete Freund’s Adjuvant (in
the initial injection) or with Incomplete Freund’s Adjuvant in subsequent
boosters (Ruan et al., 2005). 1mL of the antigen emulsion was injected into
the pectoral muscle of hens at a 3-week interval for 4 times, and the last two
times at a 6-week interval. Eggs were collected daily, marked and stored at 4
C.

Figure 2.5: (A) The immunized hen with (B) some of the eggs collected.

2.4.2.1gY purification

In order to obtain the highest amount of IgY (against the target antigens) of

eggs, 3 different IgY purification methods were performed.

24.2.1. EGGstract Kit

EGGstract IgY purification (Promega, USA) was performed according to
the instructions from the manufacturer. Briefly, the yolk from each egg was
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obtained and weighed before 3 volumes of solution A were slowly added
into it at room temperature. The mixture was mixed for 5min. Lipid portion
of the yolk was precipitated after the act and the yolk mixture was then
centrifuged for 15min at 10000g and 4°C. 1/3 volume of solution B was
added before it was slowly stirred for 5min. The suspension was centrifuged
again for 15min at 10000g and 4°C. Subsequently, the pellet was
resuspended again in 1/3 volume of solution B and stirred slowly for 5min
and centrifuged for the last around in the condition same as above. Finally,

the pellet was resuspended in the original volume of the egg yolk of PBS.

2.4.2.2.  Ammonium sulphate precipitation

The egg yolk was diluted with water in a 1:2 (v/v) ratio and then frozen at

-20°C overnight. The mixture was then thawed and centrifuged at 10000g
for 10min at 4°C. Ammonium sulphate was added to the supernatant to a
final concentration of 50% (w/v). The solution was mixed for 1 hr at 4C

before centrifugation at 5000g for 20min. After centrifugation, the pellet
was resuspended in 0.01M Tris-HCI to a volume equal to half of that of the
supernatant. The sample was then precipitated by adding ammonium
sulphate to a final concentration of 33%. The solution was again stirred for

1h at 4°C before centrifugation for 20min at 5000g. Finally, pellet was
resuspended in PBS after centrifugation (Ruan et al., 2005).

2.4.2.3. Sodium sulphate precipitation

The egg yolk was diluted with water in a 1:9 dilution and allowed to

incubate at 4°C for 6 hrs. The mixture was then centrifuged at 10000g for
25min and 4 °C . Subsequently, the supernatant was collected and

precipitated by adding 19% (w/v) sodium sulphate. The suspension was
stirred for 2hrs at room temperature. Pellet was collected after another round
of centrifugation at 10000g for 25min at 4°C and dissolved in PBS (Akita

and Nakai, 1993).
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2.5. Affinity column
2.5.1.Preparation of the IgY affinity column

Cyanogen bromide activated sepharose was prepared according to the
manufacturer’s instruction. Briefly, the CNBr-activated sepharose was
washed and swelled in cold 1ImM HCI for 30min in several aliquots.
Subsequently, the CNBr-activated sepharose was washed with 5-10 column
volumes of distilled water before being washed with coupling buffer. The
suspension was then filtered quickly through a sintered glass filter.
Immediately afterwards, the IgY in the coupling buffer was transferred to
the resin. The IgY was mixed with the gel and allowed to incubate overnight

at 4°C. The suspension was again filtered by a sintered glass filter. The

unreacted ligand was washed away from the sepharose with the coupling
buffer. Subsequently, blocking reagent was added to block the unreacted

sites for 16 hrs at 4°C. Finally, the gel was washed extensively first with the

coupling buffer and then the acetate buffer repeatedly for five times. The

IgY-affinity-gel was then ready for use.

2.5.2.Depletion of high abundance proteins (HAPs) in the serum
samples using the IgY affinity column

The 1gY affinity column (10mL in 4.91cm? x 5cm column) was firstly
equilibrated with at least 10 column volumes of equilibrating buffer (10mM
Tris pH 7.4). The serum samples were loaded onto the top of the column.
Usually 4mL fractions were collected. The “flow through” fractions were
collected as the “HAPs depleted” serum. Subsequently, acidic elution was
carried out with elution buffer (0.1M Glycine, pH 2.5). Proteins eluted from
the column were immediately neutralized with neutralization buffer (1M
Tris, pH 8). Finally, the column pH was restored by extensive washing with
20mM Tris buffer pH 7.4. The “flow-through/bound” samples collected
were then concentrated either by Amicon Ultra 20 (Millipore, USA) or
Amicon Ultra 4 (Millipore, USA) with cut-off 10kDa.
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2.6. Protein concentration determination

Protein concentration was determined by Bradford assay (Bio-Rad, USA)
according to the manufacturer’s instructions. The sample absorbance values
were read at 595nm. The protein concentration of each sample was
determined from a standard curve generated by a range of bovine serum

albumin (BSA) concentrations from 0-10mg/ml.

2.7. One-dimensional gel electrophoresis (1-DE)

Protein samples were prepared by mixing with an equal volume of reducing
sample buffer (0.5M Tris-HCI pH 6.8, 0.025% SDS (w/v), 0.25% glycerol
(v/v), trace amount of 0.1% bromophenol blue and 0.125%
-mercaptoethanol (v/v) ) or non-reducing sample buffer (same as reducing
sample buffer, except without the addition of [-mercaptoethanol), then
heated at 95°C for 15min. The sample mixtures were resolved using 10%
acrylamide slab gel with 5% stacking gel. Power was applied with a
constant voltage of 100V. Electrophoresis was performed until the dye front

reached the bottom of the separating gel.

2.8. Two-dimensional gel electrophoresis (2-DE)

2.8.1. First dimension - Isoelectric focusing (1EF)

An immobilized pH gradient (IPG) strip of linear pH 3-10 or 4-7 (18cm,
Bio-Rad, Hercules, CA, USA) was rehydrated passively with protein in a
modified rehydration buffer containing 7M urea, 2M thiourea, 4% (w/v)
CHAPS, 10% (w/v) isopropanol, 5% (v/v) glycerol, 64mM DTT and 1%
(v/V) IPG buffer in the rehydration cassette of IEF at 20°C for 12hr. The
strip was then transferred to the IEF focusing tray with the gel facing the
electrodes. The IPG strip was overlaid with mineral oil to avoid dehydration.
IEF was performed at 20°C with a PROTEAN IEF CELL (Bio-Rad, USA).

\Voltage was applied accordingly as follows: 1 hr at 500V, 1 hr at 1000V, 2
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hrs at 4000V, 4 hrs at 8000V, 80kVh at 8000V and a final step and hold at
50V. A total of about 100kV was applied to the strip.

2.8.2.Equilibration of IPG strip

After IEF, the strip was submerged in the equilibration buffer (50mM
Tris-HCI pH 8.8, 6M urea, 39% (v/v) glycerol, 2% (w/v) SDS and 0.006%
(w/v) bromophenol blue) with 1% (w/v) DTT for reduction for 15min with
continuous shaking. Subsequently, the strip was put in another lot of
equilibration buffer with 2.5% (w/v) iodoacetamide for alkylation for

another 15min with continuous shaking.

2.8.3.Second dimention — SDS-PAGE

The equilibrated strip was rinsed with distilled water and then placed on top
of the 10% acrylamide slab gel. 0.5% agarose solution was added on top of
the strip in order to seal the strip with connection to the gel. Electrophoresis
was performed at 15mA/gel for the first 15min, and then increased to

35mA/gel, until the dye front reached the bottom of the separating gel.

2.8.4.Silver staining

After electrophoresis, the gel was stained with a mass spectrometry
compatible silver staining protocol. Briefly, the gel was fixed in fixation
solution containing 40% (v/v) ethanol and 10% (v/v) acetic acid for 1 hr.
Then, it was sensitized in 30% (v/v) ethanol, 0.2% (w/v) sodium
thiosulphate for 30min. The gel was washed with distilled water 3 times for
5min each. Subsequently, the gel was stained with 0.25% (w/v) silver nitrate
for 20min. The gel was then washed again twice with distilled water for
Imin per wash. Finally, the gel was developed by shaking the gel in 2.5%
(w/v) sodium carbonate containing 0.04% (v/v) formaldehyde. When the
protein spots reached a desirable level of darkness, the development process
was stopped by adding 1.5% (w/v) EDTA.
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2.8.5. Image analysis

The stained gels were scanned by a conventional scanner (Plustek, USA).
The images were then analyzed by 2-DE gel analysis software Melanie

version 4.0 (Gene-bio, Sweden).

2.9. Two dimensional Difference Gel Electrophoresis (2D-DIGE)

This method labels the protein with cyanine (Cy) dyes prior to IEF and
allows quantitative comparisons between 2 samples (control and disease) on
the same 2-D gel when different fluorescent labels are used for each sample.
This reduces spot pattern variability and the number of gels in an
experiment making spot match much more simple and accurate. The
minimal labelling ensures that only a single lysine per protein molecule and
not more than 3% of the protein molecules in extracts are labelled. The
single positive charge of the CyDye replaces the single positive charge
present in the lysine, thus keeping the isoelectric point of the protein

unchanged, but causes a size increase of approximately 500Da.

The individual protein data from the 2 samples (Cy3 and Cy5) are
normalized against the Cy2 labelled sample, Cy5:Cy2 and Cy3:Cy2. These
logarithm abundance ratios between the control and disease samples from

all the gels are then compared using statistical analysis.
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Figure 2.6: Diagram illustrating the workflow of typical 2D-DIGE
experiment.

2.9.1.Sample labelling

The fluorescence labelling was performed according to the manufacturer’s
instruction. Briefly, CyDyes were reconstituted in high-grade N,
N-dimethylformamide (DMF) to a stock solution with a concentration of
1mM. The stock solution, stored at -20°C, was supposed to be stable for a
few months. In our case, the stock solution was used within 2 months. The
2D-DIGE principle is diagrammatically represented in Figure 2.6 above.
Briefly, the CyDye stock solution was diluted with DMF to a final
concentration of 400pmol/ul just prior to labelling. The pH of the protein
sample had to be adjusted to 8.5 and at the concentration between 5 and 10
ug/ul. The protein samples were labelled with either the 3 Cy-dyes: Cy2,

Cy3 and Cy5. The Cy2-labelled sample served as an internal control on the
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gel for the DeCyder analysis. The samples were vortexed before being
incubated on ice and in dark for 30min. Then, 10mM lysine was added to
the samples in order to stop the labelling reaction. The samples were then
mixed and incubated on ice and in dark for another 10min. The labelled

samples were either directly subjected to 2-DE or stored at -80°C until use.

When performing 2-DE, the samples labelled with different CyDyes
were pooled and then passively rehydrated into the strip with the modified
rehydration buffer. The 2D-DIGE was performed with the same procedures
as a regular 2-DE as described above. Except for the special low fluorescent
Pyrex glass plates were used to minimize the background fluorescent and
maximize the signal to noise ratio during image scan, the rest of the
equipment setup was the same as regular 2-DE. Moreover, once the samples
were labelled with CyDyes, the subsequent steps had to be performed in the
dark, as the CyDyes had to be protected from light in order to minimize

photo-bleaching.

2.9.2. Protein detection and image analysis

After the second dimension, the gels were directly scanned while they were
still in the low-fluorescence glass cassettes. The exterior of the glass plate
was cleaned with ddH,O and dried with KimWipes before the gel cassette
was positioned on the Typhoon 9400 Variable Mode Imager (GE Healthcare,
USA). Cy2 images were scanned at an excitation wavelength of 488nm and
a 520nm band pass (BP) 40 emission filter. Cy3 images were scanned at an
excitation wavelength of 532nm and a 580nm BP 40 emission filter. Cy5
images were scanned at an excitation wavelength of 633nm laser and a
670mm BP 30 emission filter. The gels were scanned with power adjustment
with 1000um (pixel size) resolution to allow full utilization of the image
dynamic range before saturation. Subsequently, the gel images were
converted to 16-bit TIF files before being transferred to the ImageQuant
V5.0 (GE Healthcare, USA) for gel alignment and cutting. Afterwards, spots

detection was processed using the DeCyder software V6.0 (GE Healthcare,

44



USA), by which the optimal settings for spot detection and exclusion were
determined. The estimated number of spot detection was set to 2500 spots in
most cases. Higher values usually resulted in the inclusion of spots of
non-protein origin. Statistics and quantitation of protein expression were
carried out in DeCyder Differential In-gel Analysis (DIA) module. Only
those protein spots with over 3-fold changes in volume after normalization

were considered as differentially expressed.

2.10. Matrix assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS)

2.10.1. In-gel digestion

In-gel protein trypsin-digestion was performed according to the manual
“Proteomic protocol for mass spectrometry” from the manufacturer of
Bruker Daltonick, Germany. Briefly, the protein spots of interest on the
silver-stained gel were excised and destained by washing with milli-Q water
for 20min. This was followed by incubation in the destaining solution
(30mM potassium ferricyanide and 64mM sodium thiosulfate) for 15min
before being washed repeatedly with 25mM ammonium bicarbonate and
until the gel pieces became colourless. Acetonitrile was then added to
dehydrate the gel pieces. The surplus acetonitrile was removed when the gel
pieces shrunk. Subsequently, the gel pieces were allowed to dry under
vacuum. After drying, the gel pieces were incubated with reducing solution
(25mM ammonium bicarbonate with 10mM dithiothreitol) at 56°C for

45min. Afterwards, the gel pieces of interest were incubated with an
alkylating solution (25mM ammonium bicarbonate with 55mM
iodoacetamide) for 30min at room temperature and in the dark. Moreover,
the gel pieces were washed with 50% (v/v) acetonitrile containing 50mM
ammonium bicarbonate for 15min, and 100% acetonitrile was added to
shrink them again. Freshly prepared 3ul of 10ug/ml trypsin (Promega) in
25mM ammonium bicarbonate was added to the gel pieces and the

gel-solution mixture was allowed to incubate at 56°C for 90min. Tryptic
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fragments in the gel plugs were eluted the addition of 50% (v/v) acetonitrile
and 1% (v/v) trifluoroacetic acid into the gel plugs. Diffusion of the peptide
fragments into the solution was facilitated with ultra-sonication.

2.10.2. Peptide mass fingerprint (PMF) analysis

PMF fingerprints of the proteins to be identified were analysed using the
Bruker Autoflex 111 MALDI-TOF-TOF mass spectrometer equipped with a
reflector (Bruker Daltonic, Germany). In the MALDI-TOF MS reflector
mode, ions generated by a pulsed UV laser beam were accelerated to a
kinetic energy of 23.5kV. In the MALDI-TOF-TOF MS mode, precursor
ions were accelerated to 8kV and selected in a time—ion-gate. The fragments
were further accelerated by 19kV in the LIFT cell and their masses were
analyzed after the ion reflector passage. Matrix and peptide samples were
prepared according to the manual called “AnchorChip™ Technology
Revision 2.0” from Bruker Daltonics, Germany. Briefly, 1ul of matrix
solution a-cyano-4-hydroxycinnamic acid, saturated in acetonitrile:0.1%
TFA (1:1), was spotted on the anchor-chip target plate. After the matrix
droplet was air-dried, sample solution of the same volume was applied, and
allowed to dry again. The sample spot was washed with 1ul of 1% TFA for
30sec. The droplet was gently blown off the sample spot with compressed
air. The resulting diffused sample spot was recrystallized using 1ul of
ethanol:acetone:0.1%TFA (6:3:1). Finally, the target plate was placed into
the Autoflex Il machine for PMF analysis. Spectra were calibrated using
Mass Calibration Kit (Bruker Daltonics, Germany) with an external

calibration standard.
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2.10.3. Database searching

The generated PMF spectrum was submitted to an in-house NCBI database
before being searched against the Rodentia taxonomy using the Mascot
search engine. Generally, fixed carbamidomethyl modification, variable
oxidation modification, one mis-cleavage limitation and 200ppm of

molecular weight tolerance were set as the searching criteria.

2.11. Western blot

After SDS-PAGE separation, the resolved protein samples were transferred
onto a 0.45um nitrocellulose (NC) membrane (Amersham Biosciences, US)

at 100V for 1 hr at 4°C. Subsequently, the blotted membrane was blocked
with 5% (w/v) fat-free milk powder in Tris Bufferd Saline (TBS) buffer at 4

‘C overnight. The membrane was then washed with 20mM Tris-Tween

Buffered Saline (TBST) for 30min in a 5-min cycle to remove any excess
BSA. Anti-rat-whole-serum IgY (1:10000) in TBS buffer was added to the
membrane and incubated for 1 hr at room temperature. The membrane was
then washed with 20mM TBST for 30min in 5-min cycle. Afterwards, the
membrane was probed with a 1:10000 dilution of horseradish peroxidase
(HRG)-conjugated rabbit anti-lgY heavy and light chain antibody in TBS
buffer. The membrane-buffer setup was allowed to incubate for 1 hr at room
temperature. The membrane was again washed with 20mM TBST for 30min
in a 5-min cycle. Finally, the blots were developed by using SuperSignal

chemiluminescent substrate detection kit (Pierce, USA).
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Chapter 3: Establishment of gastric cancer model in Wistar

rat

3.1. Introduction

Gastric cancer in human is usually diagnosed at a late stage, and in such
cases, the collection of serum samples at the early stage is difficult.
Moreover, as elaborated in the earlier sections, there are tremendous
variations in the human tissue/body-fluid samples collected for biomarkers
discovery. These variations are very difficult to control and/or optimize.
Furthermore, results of genomic studies only tell the chance of developing
cancer to those who possess oncogene(s), but do not indicate the time of
occurrence. Many changes in gene expression from benign and malignant
tumors are due to post-translational modifications, which cannot be detected
by DNA or RNA analysis. Therefore, proteomic studies using rat model
provide a promising alternative. As described in the literature and reviewed
in Chapter 1, gastric cancer induced in Wistar rat by administration of
MNNG has proven to be a good model for human differentiated-type gastric
cancer. This is because rat gastric cancer has histological features very
similar to those of human cancer. In addition, rats with MNNG-induced
cancers showed very similar responses to that of human cancer when treated
with various tumor promoters and preventive agents (Manikandan et al.,
2008). On the basis of oligonucleotide microarray analysis, in rat gastric
cancer, the genes that are involved in differentiated phenotypes of the
stomach are down-regulated while those involved in extracellular matrix
remodeling and immune responses are up-regulated. These expression
profiles are similar to that of human gastric cancer (Abe et al., 2003).
Therefore, as elaborated earlier in Chapter 1, MNNG-intoxicated Wistar rats
were used to establish a gastric cancer model for the discovery of relevant
biomarkers in serum. All the relevant procedures were described in Chapter
2.
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3.2. Results

3.2.1.Changes in body weight

The body weights of the experimental rats as well as the controls were

recorded every 2 weeks and all exhibited a net gain in weight (Figure 3.1).
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Figure 3.1: (A) Individual body weights of rats in the experiment group

during gastric induction and in the control group. (B) A simplified graph

showing the trends of rat weight in the various groups during gastric

induction. (M: dysplasia rat; A: normal rat; ®: control rat)

However, a distinct loss of weight was observed in rats in the
experimental group before the detection of dysplasia. This weight gain
pattern agrees with the previous studies (Nagai et al., 1984; Schwab et al.,
1997).
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3.2.2. High resolution X-ray examination of the gastric region

In order to gauge on the induction of gastric cancer in the experimental rats
(i.e. rats taking MNNG and NaCl), a high-resolution bio-imaging method
was developed aiming to observe any possible macro-lesion in the stomachs
of these rats. In order to obtain a sharp X-ray image of the rat stomach,
different methods to inflate the rat stomach, such as air, different percentage
of a fluorescence agent called gastrografin, and different parameters setting
in the X-ray energy were tried. This part of the thesis was performed under
the expert help from Dr. Patrick Lai and Dr. Phoebe Chan of the Department
of Health Technology and Informatics, The Hong Kong Polytechnic

University. Representative images are shown below (Figure 3.2).

Figure 3.2: Representative high resolution X-ray images of rats in the

stomach reqgion (circled in red). (A) Rat stomach filled with 50 ml of air. (B)

Rat stomach filled with 1% ogastrografin. (C) Double contrast-enhanced rat

stomach.
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When air was alone used to inflate the stomach, its image was hardly
seen in the X-ray film. For stomach filled with gastrografin only, the whole
stomach image gave light and could been seen in the film. However, since
the aim of taking the x-ray image was to observe if there was any
irregularity taking place in the stomach wall, using air or gastrografin alone
was not satisfactory. Therefore, double contrast with gastrografin and air
together was employed. This gave a sharp out-lined stomach image, and the
smoothness on the stomach wall could be easily seen.
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Figure 3.3: X-ray films of rats. (A) normal; (B) dysplasia; (C) dysplasia

with early adenocarcinoma; (D) adenocarcinoma. The kidney shaped area

on the left is the inflated stomach.

X-ray photos of rats were taken monthly. It was expected that taking
X-ray photos for these rats would mimic provision of the endoscopic
investigations. It was hoped that earlier stages of gastric carcinogenesis

could be observed in the X-ray examination.

51



However, the x-ray films showed no differences among the stomachs
obtained from rats with normal, dysplasia, early adenocarcinoma and
adenocarcinoma. Therefore, X-ray study is not a good method to investigate
the early stages of gastric carcinogenesis in rats.

3.2.3. Histological study

The presence of dysplasia was also investigated microscopically with tissue
sections of stomachs. The main histological and cytological features of
dysplasia include cellular atypia (nuclear pleomorphism, hyperchromasia,
nuclear stratification, increase nuclear-cytoplasmis ratio, increased
cytoplasmic basophilia, and loss of nuclear polarity); abnormal
differentiation (lack/reduced numbers of goblet cells and Paneth cells in the
metaplastic intestinal epithelium, and disappearance/reduction of secretory
products from the gastric epithelium); and disorganized mucosal
architecture (irregularity of crypt structure, back-to-back gland formation,
budding and branching of crypts, and intraluminal and surface papillary

growths).

After obtaining the stomachs from rats, they were processed as
described in Chapter 2. After fixing and various staining procedures,
histopathological study was undertaken and the stages of carcinogenesis
were determined. Part of this work was kindly performed by Dr. Pak-kwan
Hui, Consultant Pathologist and Chief of Service of Pathology Department,
Kwong Wah Hospital.
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(250x).

Stomach A showed normal histology.

For stomach B, there was a loss of
gland differentiation. Foveolar glands
showed increased nuclear size,
vesicular nuclei and increased mitotic
figures. Dysplasia occurred. Severe
dysplasia occurred in stomach C,
early  adenocarcinoma  showed
dysplastic glands infiltrating the
lamina propria and muscularis. In
stomach D, there was a tumor mass
composed of severely dysplastic
mucin-secreting glands in keeping
with well differentiated

adenocarcinoma.



According to the universal classification of gastric carcinoma
(Japanese Gastric Cancer, 1998), the health status of rats in the experimental
group can be classified into four stages. The first stage was that the rats
remained normal. At the second stage, dysplasia, the foveolar glands had
increased nuclear size, vesicular nuclei, increased mitotic rate, and there was
a loss of gland differentiation. At the third stage, besides severe dysplasia
occurred, early adenocarcinoma also showed dysplastic glands infiltrating
the lamina propria and muscularis. At the fourth stage, a tumor mass was
present. The tumor mass was composed of severely dysplastic

mucin-secreting glands in keeping with well differentiated adenocarcinoma.

From the histology results obtained in the rats, it was also found that
dysplasia and adenocarcinoma mainly happened in the antrum/pylorus of
the stomach, and sometimes also in the body of the stomach. In human,
dysplasia is frequently found in the antrum/pylorus, and is also found in the
fundus to some extent. Whereas in rat, dysplasia is confined to

antrum/pylorus, and not found in fundus (Matsukura et al., 1978).
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3.2.4. Health status of rats after gastric cancer induction by MNNG

Two rats in the experimental group were excluded from the study, since they
died soon after gastric cancer induction due to complications from
anesthesia. Neither dysplasia nor adenocarcinoma was observed in the
control rats throughout the experiment. For the experimental group, after
feeding with 0.01% MNNG in drinking water, the health status of the 19
Wistar rats was classified into the 4 status from the histological findings of

their resected stomachs.

Health status Number of rats
Remain Normal 7
Dysplasia 8
Dysplasia + Early adenocarcinoma 3
Adenocarcinoma 1

Table 3.1: Classification of rats health status after gastric cancer induction
with MNNG.

Starting from the 17" week after ingesting MNNG, 12 (63%) out of
19 rats were histologically confirmed to have developed dysplasia in the
stomach, in which 3 of them had also developed to the stage of early
adenocarcinoma, and 1 adenocarcinoma with a tumor; while 6 other rats
remained normal. When compared with that described in the literature, our
results are similar to the incidence rate of gastric cancer induction by
MNNG with Wistar rats (55%-73%) (Bralow et al., 1973; Martin et al.,
1974) and the time required to induce cancer. Some of the variations may
due to the use of highly inbred strains of rats (Kobori et al., 1976).

As the main aim of my project is to find candidate biomarkers for

early gastric cancer, serum samples from the group with D&A will be used
for later part of the study.
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3.3. Discussion

Gastric cancer model in rats using MNNG is well established and provides
reproducible data (Schwab et al., 1997). Although there are fundamental
differences between human and rat in clinical symptoms, for example, the
vast majority of human gastric dysplasia cases are combined with chronic
gastritis; and the dysplasia induced by MNNG is irreversible in contrast to
the dysplasia in human stomach (Kunze et al., 1979); MNNG-induced
gastric tumors in Wistar rats show many of the common features observed
in human stomach cancer. Firstly, at the gene level, over-expression of
Bcl-2 and mutations in the tumor suppressor gene p53 have been
documented in humans, as well as in MNNG-induced gastric cancer
(Kaneko et al., 2002). Secondly, the major risk factors associated with
human stomach cancer, such as high salt and Helicobacter pylori infection,
were again found to promote MNNG-induced gastric carcinogenesis
(Newberne et al., 1987). Besides, like human stomach tumors,
MNNG-induced rat stomach carcinomas also exhibit infiltrative capacity
and loss of differentiation (Abe et al., 2003). These similarities between
human stomach cancer and MNNG-induced gastric tumors provide the basis
for analyzing the proteome changes during gastric cancer development.

According to the literatures examining Wistar rat with MNNG
ingestion, dysplasia is first observed at around the 20™ week, and progresses
to early adenocarcinoma between the 25" and the 35" week. After the 35"
week, the carcinoma begins to infiltrate deep into the muscularis propria and
subserosa showing a definite morphological malignancy (Saito et al., 1970;
Kobori et al., 1977).

The solid dysplasia-carcinoma sequence is not only present in the
case of rats, dysplasia has also been accepted as a marker for increased
cancer risk in human (Grundmann, 1975; Ming, 1979). In human, besides
having dysplasia, there are a number of precancerous conditions and lesion
of stomach, such as, atrophic gastritis, gastric ulcer, pernicious anaemia,
gastric stumps, gastric polyps, and Menetrier’s disease.
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It should be noted that dysplasia, a controversial term in pathology,
is used loosely and commonly. Taken overall, it is generally considered to
have a positive predictive value for malignancy. Gastric epithelial dysplasia
can be divided into three grades: mild, moderate, and severe. Mild dysplasia
demonstrates minimally to slightly atypically arranged glands with slight
dyscaryosis and slightly increased mitotic activity. Moderate dysplasia is
distinguished from the mild one on the basis of an increased glandular
distortion and cellular atypia. Severe dysplasia is characterized by highly
distorted, atypically branched glands or tubules in back-to-back

arrangement.

From my results, it could be seen that gastric dysplasia with or
without adenocarcinoma was successfully established in 12 rats. Serum
samples from these rats can then be used for proteomic investigations

aiming to find candidate biomarkers.

3.4. Conclusion

An animal model with dysplasia was successfully established with 0.01%
MNNG in drinking water with the administration of 10% NaCl in diet,
which has been proved to increase the incidence of gastric cancer in rats
(Ohgaki et al., 1991). With the fact that there is a dysplasia —carcinoma
sequence, the rats with dysplasia are chosen as the candidate for the serum
biomarker discovery in the next stage of the project.
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Chapter 4: Removal of high abundance proteins (HAPS) in

serum samples

4.1. Introduction

The presence of a large number of proteins in serum makes it an excellent
material for uncovering disease biomarkers. However, it also represents a
tremendous analytical challenge because serum proteome contains a large
number of proteins spanning a wide dynamic range of concentration.
Because of the constraints of sample size for most advanced analytical
techniques, the presence of a few very abundant proteins make the detection
of low abundance proteins difficult. Therefore, removing the high
abundance proteins (HAPS) is crucial in biomarker discovery.

Among the several commonly used techniques, the use of antibodies
for the removal of albumin, immunoglobulins and other high abundance
proteins seems to be the most efficient and specific method. However, as
mammals are commonly used to raise antibodies, such as rats, rabbits and
dogs, a lot of cross-reactivity induced interference occurred. Fortunately, a
commercial immunodepletion column made up of avian polyclonal 1gY
antibodies has become available recently. The avian polyclonal antibodies
have quickly gained popularity as the amount of antibodies produced is
many times higher than that of mammals. This is because the immune
response in an antibody-producing animal tends to increase as its
phylogenetic difference with the animal used as the antigen source increases.
Furthermore, chicken antibodies recognize more epitopes on mammalian
protein than the corresponding rabbit antibody does (Schade et al., 1996).
This makes the production of antibodies against highly conserved
mammalian proteins in chicken more successful than in other mammals
(Tini et al., 2002). In addition, a comparatively much lower amount of
antigen is required to obtain high and long-lasting IgY titers in the yolk than
in rabbits (Song et al., 1985; Hatta et al., 1993). Besides being found in

avian serum, avian antibodies are in high abundance in egg yolk. Therefore,
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collection of the avian antibodies is easily done by collecting eggs (Fischer
et al., 1996). This act causes no bleeding to the host. The immunization of
chicken with complete Freund’s adjuvant is well tolerated and produces no
local inflammatory reaction (Ruan et al.,, 2005). IgY production and
purification are simple and efficient. There are various methods and
technologies that can be employed to meet different requirements and needs,
such as purity, yield, activity and the saving of time. Moreover, yolk
antibodies are stable in cold, heat and acid for long periods (Camenisch et
al., 1999).

Mammalian 19gG Avian IgY
Antibody sampling Invasive Non-invasive
5mg 1gG per mL 50-100mg IgY per e
Antibody yield 1= J 19T pereds
(40mL blood) (5-7 eggs)
Antibody yield per month 200mg ~1500mg
Specific antibody yield ~5% 2-10%
Protein A/protein G
L Yes No
binding
Interference with
_ Yes No
mammalian IgG
Interference with
) Yes No
rheumatoid factor
Activation of mammalian
Yes No

complement

Table 4.1: Comparison of the characteristics of mammalian 1gG and avian
IgY (Schade et al., 2005).
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4.2. Results

4.2.1.1gY production

Demonstration that maternal antibodies are transferable from the immunized
hen to its eggs was performed by Klemperer more than 100 years ago
(Klemperer, 1893). The use of chicken egg yolk for polyclonal antibody
production is well recognized and the IgY concentration in yolk is higher
than in serum of the hen (Rose et al., 1974; Larsson et al., 1993; Woolley
and Landon, 1995).

In our experiment, among the five immunized hens, two hens did not
lay eggs at around the 10™ week after the first immunization with the
immunogens (rat serum). Hence, these hens were not used in the experiment.
The other three hens were kept for 39 weeks and a total of 308 immunized
eggs were collected. This work was performed in the Laboratory Animal
Services Centre (LASEC) of The Chinese University of Hong Kong.

4.2.2.1gY purification

As mentioned earlier, there are several commonly used protocols for
purification of IgY. In order the select the most suitable method for IgY
purification, three egg yolks were mixed, separated into 3 identical sets and
purified using three of the most commonly used methods. The three
methods to be evaluated were: straight ammonium sulphate precipitation,
straight sodium sulphate precipitation, and a commercially available method
called the EGGstract kit. After performing the recommended procedures, the
efficiencies of the 3 different methods were evaluated using non-reducing
SDS-PAGE. Non-reducing gel was used because the major contaminants of
IgY purification are approximately of 70kDa and 30kDa, which are very
close to the heavy and light chains of IgY, which are 67kDa and 23kDa,

respectively. Proteins resolved were visualized by silver stain (Figure 4.1).
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Figure 4.1: Non-reducing SDS-PAGE showing the purity of lgY (MW

~180kDa), obtained with different purification methods. 1ug of protein is

loaded into each lane. Lane 1 is molecular weight markers: Lanes 2-4

represented proteins purified using the EGGstract kit, ammonium sulphate

precipitation and sodium sulphate precipitation respectively.

As shown in Figure 4.1, proteins presented in Lane 2 had much less
contaminating proteins, especially in the 30-50kDa range. Using anti-lgY
antibodies, the protein band at around 180kDa is confirmed to be IgY.
Therefore, it seems that the efficiency of purification using EGGstract kit is

much more superior when compared to the other two methods.
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4.2.3.1gY recovered in eggs collected during the experimental period

It is known that specific serum antibodies are transported to the yolk with a
delay of about three to six days. Yolk IgY concentration also varies
significantly among individuals and genetic lines or breeds (Schade et al.,
2005). Further analysis of the IgY isolated from our experiments found that
IgY concentration varied in the range of 1.5-4mg/ml throughout the whole
experimental period. Figure 4.2 showed the average concentrations of 1gY
found. Similar levels have been reported by others (Bizhanov and
VWyshniauskis, 2000).
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Figure 4.2: lgY concentration obtained from eqgs in different weeks.

(tantigen injection)
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4.2.4. Specificity of the IgY collected

The IgY raised from the hens with rat serum (as antigen) injection was
investigated using Western blot against rat serum. For comparison, the

normal IgY from hens without antigen injection was also probed as control.

SDS-PAGE Western blot

Figure 4.3: 10% SDS-PAGE and Western blot using rat serum as sample.

Lane 1 is molecular weight markers. Lane 2 is 5ug of rat serum stained with

Coomassie Blue. Lane 3 is a corresponding Western blot probed with IgY

collected from a control egg. Lane 4 is a corresponding Western blot probed

with IgY raised in immunized hens and at the dilution of 1:10000.

From the Western blot, it can be seen that Lane 3 (which was probed
with control 1gY) has no band while Lane 4 (which was probed with IgY
isolated from immunized eggs) has many bands indicating positivity. These
results showed that the IgY raised in immunized hens was specific to the rat
serum. Furthermore, some of the abundant proteins seen in the SDS-PAGE
with Coomassie blue staining are also present in high abundance in the
Western blot. These results also indicate that proteins that were detected by
the IgY are proteins of high abundance in the normal rat serum. The
identities of proteins that the hens raised against will be indicated in the later

part of this chapter.
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4.2.5.Binding of the target antigens to the IgY coupled column with the

aim to immunodeplete the major proteins from rat serum samples

Active IgY purified from the eggs immunized against rat whole serum were
pooled together and coupled to cyanogen bromide-activated sepharose using
procedures recommended by the manufacturer. The amount of IgY before
being loaded onto the sepharose and the amount of IgY remained in the
supernatant after coupling were measured by Bradford test. The amount of

IgY bound to the sepharose can then be estimated.

\olume of Active IgY mixed = Unbound  Estimated amount of
CNBr-activated with the IgY active IgY that binds
sepharose used CNBr-activated found to the CNBr-activated

(mL) sepharose (mg) (mg) sepharose (mg/mL)
30 352 8 11.47

Table 4.2: Amount of active IgY coupled to the CNBR-activated sepharose.

Crude rat serum (3mg) was loaded into the IgY affinity column
(fabricated as described above) with a flow rate of 1mL/min. Four mL
fractions were collected. The HAPs should have been bounded by the IgY
when they came through the column. The less abundant proteins will come
through the column un-absorbed. They are the “flow through” fractions. On
the other hand, the bound HAPs could be eluted by acid elution and they are
the “bound” fractions. A representative chromatography using the active IgY

affinity column to remove the HAPs is shown in Figure 4.4.
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Figure 4.4: Representative chromatographic profile of immunodepletion of rat serum using the customized IgY column designed to absorb the
high abundance proteins (HAPS).

65



4.2.6.Reproducibility of the IgY affinity column

As differentially expressed proteins were found by matching images of gels
obtained from different samples with different runs, it is crucial that the IgY
affinity absorption column has high reproducibility. Reproducibility
measures the ability to repeatedly achievable by same performance in the
column chromatographic process, and is also an indication of the endurance
of the column with the ability to be generated without loss of either capacity
or specificity. In order to test the reproducibility, twenty identical aliquots of
rat serum samples were loaded to the IgY column sequentially. Both the
“flow-through” and the “bound” fractions were collected with a
standardized condition for binding, elution, and analyzed by SDS-PAGE.
The results of some of the representative fractions are shown in Figure 4.5.
they indicate that the Ig'Y bound sepharose column gave highly reproducible

results and the column was reusable.

Figure 4.5: SDS-PAGE of selected samples (5", 10" 15" 20™ in the

“flow-through” and “bound” fractions (out of the 20 runs in successions) are

shown. Lane 1: is the Molecular weight markers, Lane 2: Crude serum;

Lane 3: “Flow through” fraction in the 5" cycle: Lane 4: “Flow through”

fraction in the 10" cycle: Lane 5: “Flow through” fraction in the 15" cycle:

Lane 6: “Flow through” fraction in the 20" cycle: Lane 7: “Bound” fraction

in the 5" cycle: Lane 8: “Bound” fraction in the 10" cycle: Lane 9: “Bound”

fraction in the 15" cycle: Lane 10: “Bound” fraction in the 20" cycle.
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4.2.7.Depletion efficiency of the column

This immunodepletion column was designed to remove most of the high
abundance proteins in serum. The depletion efficiency of this column could
be easily assessed by the total amount of proteins left behind after the
depletion process. The crude serum was either passed through the column
once (single depletion) or twice (double depletion as the flow through from
the first run was passed onto the column a second time). The total protein
amounts after both single depletion and double depletion were measured.

The results are shown below:

Crude serum  Depleted serum Depletion

(ng) (ng) efficiency
Single depletion 3000 300 90%
Double depletion 3000 30 99%

Table 4.3: Protein amount regarding the depletion process.

The results show that the depletion efficiency of the column is up to
99% (of the original protein concentration) after double depletion, while it is
about 90% for single depletion. Among all the high abundance proteins,
albumin is the most abundant. Therefore, the removal of albumin was also
investigated to provide an estimation of the HAPs removal process. The

results of Western blotting against albumin are shown in Figure 4.6.

After single run immunodepletion by the IgY affinity column, the
amount of albumin removed was around 50x less than that in the crude
serum. For doubly immunodepleted serum, albumin seems to be totally
absent in the sample (position highlighted by the white circle). Using the
500x diluted crude serum sample results (Lane 7), it was estimated that the
albumin present (if there is) must be less than 1/500, less than 0.2% of that

of the original.
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Figure 4.6: A representative western blotting result of immunodepletion of

rat serum using anti-albumin antibody as the primary antibodies at the

dilution of 1:2000. Lane 1: Depleted serum (1ul) from single depletion;

Lane 2: Depleted serum (1ul) from double depletion; Lane 3: Molecular

weight markers; Lane 4: Serial dilution (50x) of crude serum (without the

HAPs depletion process); Lane 5: Serial dilution (100x) of crude serum

(without the HAPs depletion process); Lane 6: Serial dilution (200x) of

crude serum (without the HAPs depletion process); Lane 7: Serial dilution

(500x) of crude serum (without the HAPs depletion process).
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4.2.8. Identities of the high abundance proteins (HAPS) removed by the

column

It is of interest to find the identities of HAPs removed by the IgY-affinity
column. Therefore, bound proteins were eluted from the IgY column after
the first run was resolved by 2-DE. A representative 2-DE gel of one of the
bound-and-subsequently-eluted protein fractions was shown in Figure 4.7.
The proteins of interest (denoted as 1-16) were identified using
MALDI-TOF mass spectrometry.

pH 4 > pPH7

- 250kDa

- 150kDa
- 100kDa
- 75kDa

- 50kDa

- 37kDa

- 25kDa

— 20kDa

Figure 4.7: Representative 2-DE qgel with 40ug protein from the

bound-and-subsequently-eluted fraction.

Proteins identities are shown in Table 4.4, and details of the
sequence coverage and peptide mass fingerprints are attached in Appendix I.
All of these proteins are known to be existed in high abundance in normal

serum in both rats and humans.
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Spot no. Name of protein Accession number Mr (kDa)/pl Mascot score* Sequence coverage (%)*
1 Coagulation factor 2 0i|12621076 71.792/6.28 75 17
2 Transferrin 0i|61556986 78.512/7.14 207 35
3 Albumin gi|19705431 70.67/6.09 326/94 49/2
4 Hemopexin precursor 0i|122065203 52.06/7.58 151/53 28/2
5 Apolipoprotein H gi|57528174 39.743/8.58 105/33 35/4
6 Fetuin beta gi|17865327 42.361/6.71 114 17
7 Vitamin-D binding protein gi|203941 55.079/5.76 91/30 24/1
8 a-1-antitrypsin gi|203063 45.978/5.7 98/62 24/2
9 Complement component 3 gi|554423 32.414/5.73 139/75 39/3
10 a-1-macroglobulin i|81872093 168.388/6.46 107 8
11 Haptoglobulin gi|60097941 39.052/6.1 122/70 2713
12 C-reactive protein 0i|8393197 25.737/4.89 97 41
13 Plasma glutathione peroxidase gi|6723180 25.653/8.26 88 29
14 Plasma retinol-binding protein gi|132407 23.547/5.69 46/92 418
15 Apolipoprotein M 0i|9506391 21.841/5.73 145 36
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Spot no. Name of protein Accession number Mr (kDa)/pl Mascot score Sequence coverage (%)

16 Apolipoprotein E gi|1703338 35.788/5.23 131 29

*Data in BLACK are MS results; data in RED are MS/MS results
Table 4.4: Identities of proteins that were depleted by the immunodepletion column (denoted as 1-16 in Figure 4.7).
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4.2.9. Proteome maps of rat serum before and after immunodepletion

Comparison of rat serum proteomes before and after immunodepletion was
carried out according to the procedures described in Chapter 2 with passive

rehydration with 18cm, pH 4-7 strip.

pH7

— 250kDa
— 150kDa

S — 75kDa

Figure 4.8: Representative 10% 2-DE qgels of 40ug of crude rat serum (left)

and double depleted rat serum (flow through) (right) with silver stain.

As shown in Figure 4.8 above, the proteomes of serum samples
before and after double depletion were very different, showing that most of
the high abundance proteins that masked the less abundant proteins in the
2DE gel had been removed. Approximately 700 and 1000 spots were
detected in the gels of crude rat serum and double depleted rat serum
respectively. This enables “casier” detection of the low abundance candidate

cancer biomarker proteins during comparative proteomic studies.
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4.3. Discussion

Disease biomarkers typically appear at low concentrations, while serum
proteome has a large dynamic range of individual protein concentrations
(ten orders of magnitude). Therefore, identification of low-copy-number
proteins of interest is difficult due to the confounding presence of
higher-abundance proteins. Therefore, to enhance detection and
quantification of proteome components, it is necessary to prepare protein
samples via specific prefractionation or depletion methods. These
procedures aim to separate highly abundant members from those in low

abundance before detailed comparative proteomic studies.

A classical depletion method is the use of the hydrophobic dye
Cibacron blue, a chlorotriazine dye which has high affinity for albumin.
However, Cibacron blue columns show low specificity with removal of
significant amounts of non-targeted proteins (Leatherbarrow and Dean,
1980; Gianazza and Arnaud, 1982). This strategy of removing albumin is
still being used because of its relatively low cost (Ahmed et al., 2003; Li
and Lee, 2004). The second most abundant proteins in the serum are the
immunoglobulins. Immunoaffinity separation of proteins has proven to be
one of the most developed and effective approaches for this purpose. Protein
AJ/G columns are typically used to deplete them. Assuming most of the
albumin and immunoglobulins have been removed, it is still necessary to
deplete more other protein in order to enhance the detection of very low
abundance proteins. More recently, the human Multiple Affinity Removal
System (MARS) from Agilent Technologies is available commercially. Six
high abundant proteins: albumin, transferrin, 1gG, IgA, antitrypsin, and
haptoglobin can be depleted. A subsequent commercial immunodepletion
column is MIXED 12 from GenWay Biotech (USA). It can remove the 12
most abundant proteins including albumin, transferrin, IgG, IgA, anti-trypsin,
and haptoglobin. Up to now, the most powerful depletion kit available
commercially is the ProteoPrep 20 Plasma Immunodepletion Kit from
Sigma-aldrich. It can deplete 20 abundant proteins: albumin, transferrin,

fibrinogen, 1gG, IgA, IgD, IgM, a-l-antitrypsin, o-2-macroglobulin,
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complemtent C3, complemtent C4, complemtent Clq, haptoglobin,
apolipoprotein Al, apolipoprotein A2, apolipoprotein B, acid-1-glycoprotein,
ceruloplasmin, prealbumin, and plasminogen. These commercially available
immunodepleted columns utilized I1gY antibodies that were raised in

egg-laying hens.

Avian polyclonal IgY antibodies as a choice to make up
immunodepletion column has been widely used recently (Huang et al.,
2005). The immune response in an antibody-producing animal tends to
increase as its phylogenetic difference with the animal used as the antigen
source increases. Thus, chicken antibodies recognize more epitopes on a
mammalian protein than the corresponding rabbit antibody does, making it
more advantageous to use IgY in immunological assays of mammalian
proteins. This is especially true when the antigen is a highly conserved
protein, like hormone. Polyclonal antibodies are preferred over monoclonal
antibodies as they are much more likely to recognize and deplete most
forms of the targeted abundant proteins, including molecules with different
post-translational modifications and proteolytic fragments (Hoffman et al.,
2007). Therefore, avian polyclonal 1gY antibodies was employed for making
the immunodepletion column. Given the nature of the composition of serum,
which the high abundance proteins make up 90% of the serum, serum from
rat was directly used as an antigen to inject into the hens. Due to the
different antigenicity of the serum proteins, the antibodies raised in hens
were mainly against the high abundance proteins as shown above. The eggs
that contained antibodies with high titre were sorted out, purified and
utilized to make the immunodepletion column. High abundance proteins in
the serum sample bound to their corresponding antibodies when loaded into
the column, leaving the relatively low abundance proteins retained in the
“flow through” fraction. The HAPs originally bound to the column were
eluted out as the “bound’ fraction when there was change of pH in the
environment (buffer). With the IgY affinity column, every serum sample
was applied to the column and the fractions were collected with identical

procedure.
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Regarding the reproducibility of the immunodepletion column, 1D
gel was run on consecutive depleted samples. The protein patterns of both
the “flow through” and “bound” fractions of sample in the 5", 10", 15" and
20" cycles showed an incredibly reproducing pattern. This indicated that the
immuodepletion column chromatograph was highly reproducible and it was
suitable to apply it for comparative quantitative biomarker discovery studies.
The depletion efficiency is another crucial factor affecting the biomarker
discovery process. It is common to perform a second time depletion
procedure when using commercial depletion column. A double depletion is
therefore also performed in this project. Regarding the total protein amount,
the double depletion allows up to 99% depletion efficiency. Albumin, as the
most abundant member in the serum, makes up to around 80% of the serum,
was chosen as another criterion to determine the column depletion efficiency.
The amount of albumin in the double depleted sample is more than 500
times less than that in the crude serum, which corresponds to 99.8%
depletion efficiency. A totally different proteome of the double depleted
serum in comparison with untreated sample, with enhanced visualization of
the relatively low abundance proteins indicated the success of the
immunodepletion column. Most of the abundance proteins in the serum
have been effectively removed by the immunodepletion column. These
include albumin, o-1-macroglobulin, o-1-antitrypsin, apolipoprotein E,
apolipoprotein H, apolipoprotein M, transferrin, complement component 3,
haptoglobulin, hemopexin precursor, vitamin-D binding protein, plasma
retinol-binding protein, C-reactive protein, coagulation factor 2, plasma

glutathione peroxidase and fetuin beta.
4.4. Conclusion

Regardless of the success of singly and/or doubly protein depletion schemes,
biomarker detection is usually facilitated by the removal of as many high
abundance proteins as possible. An antibody-based (IgY) affinity column
has been successfully developed to deplete the high abundance proteins

from serum.
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Chapter 5: Comparison of different sample preparation
methods and identification of biomarker

candidates

5.1. Introduction

Besides the challenge of detection limit and the dynamic range issues of
using 2-DE with different types of stains, including silver and fluorescent
stains, in the biomarker discovery process, the normalization of samples
after the depletion process remains controversial. Conventionally,
researchers have been labelling proteins after the samples had been depleted.
However, there are concerns about variations between the different
depletion runs of the same and/or different samples. Therefore, comparisons
of 2-DE chromatograms visualized by silver staining and CyDyes
fluorescent tags with sample normalization before and after depletion were
carried. The results are presented in this chapter. Identification of
differentially expressed proteins in the "best" samples preparatory steps
which represent possible biomarker candidates of gastric dysplasia will also

be performed. The results will also be presented in this chapter.

5.2. Results

5.2.1. Optimization of 2-DE gel

In order to perform comparative proteomics, proteins in the serum proteome
need to be well resolved. In the preliminary experiments, proteins in the
serum proteome was first resolved in an 18cm IPG strip with pH 3-10 as
shown in Figure 5.1. It was found that most of the proteins were
concentrated at the acidic region. Therefore, 2-DE was performed again
using an 18cm IPG strip with pH 4-7. The results are shown in Figure 5.2.
Proteins on the gel appeared to be well resolved and properly focused.
Therefore, IPG strips of 18cm and pH 4-7 were adopted in all subsequent

experiments.
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Figure 5.1: Representative 2-DE of the proteome of 40uqg rat serum sample
resolved in an 18cm IPG strip with pH 3-10, 10% SDS-PAGE was used as
the second dimension. (IEF protocol was described in Section 2.8.1.)
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Figure 5.2: Representative 2-DE of the proteome of 40uq rat serum sample
resolved in an 18cm IPG strip with pH 4-7, 10% SDS-PAGE as the second
dimension. (IEF protocol was described in Section 2.8.1.)
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5.2.2.2-DE with silver staining

The silver staining visualization method with its detection limit of around
1-10ng is commonly used in 2-DE. In my project, serum samples underwent
doubly depletion and 40ug protein were resolved on a linear pH 4-7 IPG
strip (18cm) in the first dimension, followed by a 10% SDS-PAGE as the
second dimension. With silver staining method, approximately 1000 spots

were detected by the Melanie software.

In comparing serum proteomes of normal control and dysplasia with
adenocarcinoma (D&A), all the experiments were performed in six
replicates. After silver staining, differential protein spots detected by the
Melanie software with more than 3 folds difference were noted and counted.
A total of 15 spots were found to be differentially expressed by at least 3
folds. Among the 15 spots, 11 were successfully identified and they
belonged to 6 protein species. Identities of the 4 spots remain unknown. The
protein spots were numbered and are shown in Figure 5.3. Details of the
sequence coverage and peptide mass fingerprints are attached in Appendix
.
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Figure 5.3: Representative 2-DE gels of rat serum patterns after removal of HAPs as visualized with silver stain. Normal (left) and dysplasia

with adenocarcinoma (right) serum samples (40uq).
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Figure 5.4: Enlarged regions of 2-DE gels showing the 15 proteins that were differentially expressed consistently for more than 3 folds shown in

Figure 5.3.



Spot No. Protein identity Accession number | Mr (kDa)/pl = Mascot score* = Sequence coverage (%)* = Expression

1,2 Albumin gi|19705431 70.67/6.09 326/94 49/2 )
3,45 T-kininogen | 0i|60392582 48.828/6.08 93/94 19/3 T
6,7,8 a-1-antitrypsin gi|203063 45.978/5.7 98/62 24/2 T

9 Stress 70 protein 0i/62664205 73.984/5.87 61/NA 13/NA J

10 y-actin gi|109507063 42.109/5.31 143/107 4214 T

11 Inter-a-inhibitor H4 heavy chain gi|9506819 103.885/6.08 61/NA 5/NA J

12 Unknown NA NA NA NA J

13 Unknown NA NA NA NA J

14 Unknown NA NA NA NA J

15 Unknown NA NA NA NA J

Table 5.1: Identities of differential proteins (Figure 5.4) found in rat D&A serum sample of gastric cancer. (*the first number indicates the value

by MS analysis, the latter represents the MS/MS analysis) (T: up-requlated in cancer, ¥: down-requlated in cancer) (NA: data not available)
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5.2.3.2D-DIGE

One of the major disadvantages of silver staining is the inaccurate
quantitative analysis of differential expression levels due to its narrow linear
dynamic range. Fluorescence dyes, which provide more breath to the
dynamic range of detection, was discovered in 2001 and marketed
commercially. The most commonly used method that uses fluorescence dyes
is DIGE labelling (Tonge et al., 2001). Moreover, taking advantage of the
sample labelling of DIGE, comparison of differential proteins generated by
column depletion prior to and after labelling could be performed. In
additional, reciprocal labelling experiments were conducted to account for
any preferential proteins labelling by CyDyes, to further validate the

application of DIGE technigue to the samples.

5.2.3.1.Sample normalization (DIGE labelling) after immunodepletion

After immunodepletion, 50ug of the D&A sample were labelled with Cys3,
50ug of the normal sample were labelled with Cy5, and an equal mixture of
the protein of the normal and the D&A sample was labelled with Cy2 as the
internal control. As a result, each gel consisted of two experimental samples
plus their mixture as the internal standard. After the procedures of
conventional 2-DE, the Cy2, Cy3 and Cy5 channels were imaged
individually using mutually exclusive excitation and emission wavelengths.
The images were analyzed using the differential in-gel analysis (DIA)
module of the DeCyder software, the expression ratio of each protein spot

can be calculated against the pool internal standard.
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Figure 5.5: Representative 2D-DIGE gel (pH 4-7) of total 150uqg serum
samples labelled after immunodepletion. (A) Overlay image of Cy 3 (serum
sample of D&A) and Cy 5 (control serum). (B) Separate CyDye images: Cy

2 (internal standard), Cy 3 and Cy 5.

84



For the normal and D&A that were depleted separately before DIGE
labelling for comparison, 1597 spots were detected by the software. 35 spots
were found to be differentially expressed for at least 3 folds, of which 23
were up-regulated and 12 down-regulated. The intensities analyzed by the
DeCyder software of the successfully identified 11 proteins were shown in
3D images in Figure 5.6. Details of the sequence coverage and peptide mass

fingerprints are attached in Appendix II.
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Figure 5.6: 3D images of 11 spots analyzed by DeCyder that were differentially expressed consistently for more than 3 folds.
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Spot No. Protein identity Accession number | Mr (kDa)/pl = Mascot score* = Sequence coverage (%)* = Expression
A Albumin gi|19705431 70.67/6.09 326/94 49/2 )
B T-kininogen | 0i|60392582 48.828/6.08 93/94 19/3 )
C a-2-HS glycoprotein 0i|231468 38.757/6.05 73INA 26/NA 0
D a-1-antitrypsin 0i|203063 45.978/5.7 98/62 2412 0
E y-actin gi|109507063 42.109/5.31 143/107 42/4 )
F Afamin gi|27229290 71.172/5.87 213/144 30/2 )
G Stress 70 protein 0i/62664205 73.984/5.87 61/NA 13/NA J
H Transthyretin gi|3212532 13.122/6.04 92/37 73/19 J
| Apolipoprotein A-1V gi|114008 44.429/5.12 71/62 24/3 l

Murinoglobulin 0i|12831225 166.590/5.68 96/NA 9/NA J
K Apolipoprotein A-1 0i|6978515 30.100/5.52 185/123 50/5 J

Table 5.2: Identities of differential proteins (Figure 5.6) found in rat D&A serum sample of gastric cancer. (*the first number indicates the value

by MS analysis, the latter represents the MS/MS analysis) (T: up-requlated in cancer, ¥: down-requlated in cancer) (NA: data not available)
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5.2.3.2.Sample normalization (DIGE labelling) before immunodepletion

In order to minimize the chance of bias to any set of samples that go through
‘different identical’ immunodepletion columns, DIGE labelling of samples
was performed before loading into the column. This allowed the same initial
amount of normal and D&A samples to be loaded to and removed by the
immunodepletion column together. 1mg of protein in each sample was
labelled with Cy 3 and Cy 5, and the mixture normal and D&A was labelled
with Cy 2. A total of 3mg of proteins were loaded into the column and
immunodepleted together. After the samples were immunodepleted by the
IgY-affinity column fabricated earlier, the gel was then analyzed by
DeCyder. The result showed that 60 spots were differentially expressed (for
at least 3 folds), of which 40 were up-regulated and 20 down-regulated. The
intensities analyzed by the DeCyder software of the successfully identified
11 proteins were shown in 3D images in Figure 5.6. Details of the sequence
coverage and peptide mass fingerprints are attached in Appendix I1.

pH 4 > pH 7

Figure 5.7; Representative overlay image 2D-DIGE (pH 4-7) with initially

3mg protein labelled before immunodepletion.
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Figure 5.8: 3D images of 11 spots analyzed by DeCyder that were differentially expressed consistently for more than 3 folds.
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Spot No. Protein identity Accession number | Mr (kDa)/pl = Mascot score* = Sequence coverage (%)* = Expression
a Albumin gi|19705431 70.67/6.09 326/94 49/2 )
b T-kininogen | 0i|60392582 48.828/6.08 93/94 19/3 )
c a-2-HS glycoprotein 0i|231468 38.757/6.05 73/NA 26/NA 0
d a-1-antitrypsin 0i|203063 45.978/5.7 98/62 2412 0
e y-actin gi|109507063 42.109/5.31 143/107 42/4 )
f Afamin gi|27229290 71.172/5.87 213/144 30/2 )
g Stress 70 protein 0i|62664205 73.984/5.87 61/NA 13/NA J
h Transthyretin gi|3212532 13.122/6.04 92/37 73/19 J
i Apolipoprotein A-1V gi|114008 44.429/5.12 71/62 24/3 l
J Murinoglobulin 0i|12831225 166.590/5.68 96/NA 9/NA J
k Apolipoprotein A-1 0i|6978515 30.100/5.52 185/123 50/5 J

Table 5.3: Identities of differential proteins (Figure 5.8) found in rat D&A serum sample of gastric cancer. (*the first number indicates the value

by MS analysis, the latter represents the MS/MS analysis) (T: up-requlated in cancer, ¥: down-requlated in cancer) (NA: data not available)
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5.2.4.Comparison of differentially expressed proteins with different

sample preparation procedures

A comparison was made between sample normalization before and after

immunodepletion. The differences in their procedures are shown in Table

5.4. The number of spots detected was summarized in Table 5.5.

Sample normalization

Sample normalization

Procedures (DIGE labelling) after (DIGE labelling) before
immunodepletion immunodepletion

Immunodepletion of normal | Labelling of a total of 3mg_

Step 1 and D&A samples proteins (normal and D&A

separately samples)
Step 2 Concentrating samples Immunodepletion of the
labelled samples
Labelling of a total of

Step 3 150uq of depleted samples Concentrating samples
(normal and D&A samples)

Step 4 Rehydration Rehydration

Step 5 IEF IEF

Step 6 SDS-PAGE SDS-PAGE

Steps performed in light

Steps performed in dark

Table 5.4: Comparison of different procedures in two 2D-DIGE methods:

labelling after and before immunodepletion.
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Sample Sample

2-DE normalization normalization
visualized with  (DIGE labelling) (DIGE labelling)
silver staining after before

immunodepletion immunodepletion

Total no. of
1002 1597 1632
spots
No. of
up-regulated 9 23 40
spots
No. of
down-regulated 6 12 20

spots

Table 5.5: Comparison on the number of spots being detected by traditional

2-DE with silver staining and the two 2D-DIGE methods: labelling after and

before immunodepletion.

DIGE labelling before immunodepletion yielded a higher number of
differentially expressed proteins. It is also worthwhile to compare the list of
proteins that was found to be differentially expressed by the three different
sample preparation methods. Some of the proteins appeared to be commonly
detected in all/some of the 3 methods, while others were only detected with
the most sensitive method. In order to compare the agreement of
differentially expressed proteins found by these 3 methods, a Venn diagram
was constructed. It should be noted that only differential proteins with

known identities were employed for the construction of this Venn diagram.
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2D-DIGE with
sample
normalization
after
immunodepletion

2-DE with
silver stain

2D-DIGE with sample
normalization before
immunodepletion

Inter-o-inhibitor H4
heavy chain{

Figure 5.9: Venn diagram showing (A) the number of differential proteins

identified using 3 different sample preparation methods and (B) their

identities.
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In total, 12 proteins with differential expression were identified by
these 3 different methods. Among the 6 proteins detected by 2-DE with
silver stain, 5 of them were also found in the other two 2D-DIGE methods;
and Dboth 2D-DIGE with sample normalization after before
immunodepletion methods identified 6 more proteins. It is not surprising
that the 2D-DIGE method allows more differential proteins to be detected,
as this method has a higher sensitivity and a wider dynamic range than the
2-DE with silver stain. However, some of the protein spots pinpointed by
DIGE could not be identified by MALDI-TOF-TOF MS as the protein
amounts available for MALDI-TOF-TOF MS identification were not
adequate. The proteins detected by the DeCyder cannot be observed on the
gel after silver staining, making identification not practical for most

laboratories with standard proteomic setup.

5.2.5.1dentification  of differentially  expressed proteins by
MALDI-TOF-TOF MS

All the differential proteins (at least 3 folds) from the above three sets of
experiments were subjected to MALDI-TOF-TOF MS analysis. The
identified proteins are summarized in Table 5.6 below. Details of the
sequence coverage and peptide mass fingerprints are attached in Appendix
.
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Protein identity Accession humber Mr (kDa)/pl Function Expression
Albumin gi|19705431 70.67/6.09 Acute phase response, Transport 0
T-kininogen | 0i|60392582 48.828/6.08 Acute phase response 0
a-2-HS glycoprotein 0i[231468 38.757/6.05 Acute phase response 0
a-1-antitrypsin gi|203063 45.978/5.7 Acute phase response 0
Afamin gi|27229290 71.172/5.87 Transport 0
y-actin gi|109507063 42.109/5.31 Cell motility 0
Stress 70 protein 01162664205 73.984/5.87 Protein folding {
Apolipoprotein A-I gi|6978515 30.100/5.52 Transport J
Apolipoprotein A-1V gi|114008 44.429/5.12 Transport J
Transthyretin gi|3212532 13.122/6.04 Transport )
Murinoglobulin 0i|12831225 166.590/5.68 Acute phase response )
Inter-a-inhibitor H4 heavy chain gi|9506819 103.885/6.08 Acute phase response J

Table 5.6: Identities of differential proteins found in rat D&A serum sample of gastric cancer. (T: up-requlated in cancer, {: down-requlated in

cancer)

95



Among these 12 differential proteins, 6 were up-regulated and the
other 6 down-regulated. They were grouped according to their functionality
as shown in Figure 5.10, and most of them are involved in transportation
and acute phase response. Further discussion of individual proteins of

interest will be in the next section.

Protein folding (1Y)
Cell motility (1) Transport (2T, 3V)

Acute phase response (4T, 21)

Figure 5.10: The 12 differential proteins were grouped according to their

functionality.
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5.3. Discussion

Sensitivity, detection dynamic range of different staining methods and
accurate normalization of samples are very crucial in pinpointing
differential proteins. Differential proteins found by 2-DE with silver stain is
often challenged for its limited dynamic range. Its dynamic range is only
one order of magnitude, which is unsuitable for quantitative analysis.
Another concern is the irreproducibility of 2-DE gels. Since no two gels run
identically corresponding spots between two gels have to be matched prior
to quantification. This brings another difficulty to normalization, especially
in the case of silver staining where staining is protein-dependent. These
aforementioned factors all add variability to the system that makes it

unsuitable for accurate quantitation.

Difference gel electrophoresis (DIGE) circumvents many of the
issues associated with traditional 2-DE with silver stain, such as limited
dynamic range and gel-to-gel variation, and allows a more accurate and
sensitive quantitative analysis. This technique involves the labelling of up to
3 different samples with fluorescent cyanine dyes, which have nearly
identical masses and charge. The protein samples are pre-labelled with
fluorescent dyes and then resolved on a single gel. The gel is scanned by
laser scanners and the corresponding protein spot patterns are visualized by
multichannel scanning of the same gel. Since experimental and control
samples are separated on a single gel, the gel-to-gel variation that represents
the major limitation of conventional 2-DE gels is eliminated. In addition,
running repetitive gels that swap the dyes used to label sample will control
for any dye-specific effects that might result from preferential labelling.
Furthermore, the Cy2, Cy3 and Cy5 dyes also have a wide dynamic range

and are more sensitive than the silver stain.

2D-DIGE, however, still has its limitations. They are mainly
associated with the labelling chemistry required for attaching the dye to the
proteins. With the minimal dyes labelling strategy, proteins with a high
percentage of lysine residues could be labelled more efficiently compared
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with proteins containing few or no lysines. Therefore, a high abundance
protein spot in a conventional gel system could be a medium or low
abundance protein spot in the DIGE system because of its low lysine
content. In addition, the technique is not applicable to those proteins without

lysine.

Inaccurate sample normalization often occurs when there is
extensive sample handling during the depletion process. This increases the
chance of sample loss, protein degradation, and modification artifacts,
resulting in substantial sample-to-sample variation. Moreover, when
samples are diluted during the depletion process, making them less suitable
for many downstream analyses, steps must be taken to concentrate the
proteins, which again can result in the loss of certain proteins and introduce

analysis deviation.

In order to solve this problem, pre-labelling of samples individually
prior to immunodepletion was conducted. The normal and dysplasia with
early adenocarcinoma serum samples were pre-labelled individually, mixed
well, and applied to the depletion column. The HAPs of both the normal and
the dysplasia with early adenocarcinoma serum samples will bind to the
column randomly and therefore, being depleted. The sample in the “flow
through” fraction can directly be concentrated and applied to the IEF strip,
without any extra normalization step. This strategy eliminates the defects of

column irreproducibility, and thus inaccurate sample normalization.

When comparing the results of 2-DE with silver stain and those of
2D-DIGE, as expected, the latter showed much more differential proteins,
yet only 11 of them could be successfully identified. The major difficulty
was the incising of gel plug of differential protein. After analysis with the
DeCyder software, the protein spots on the 2D-DIGE gel had to be
visualized by silver stain method. Since the sensitivity of DIGE was much
higher than that of silver stain, most of the differential proteins that could be
observed using the DeCyder were seen after silver staining, thus incising
their gel plugs for identification was not feasible. Even if the incising is a
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possibility, the amount of protein present is not enough for identification
with most MALDI-TOF MS.

For sample normalization before CyDyes labelling, the gel image
was smudge and the spots were not sharp, as the protein spots appeared to
be clumped together. This phenomenon is difficult to explain, since there is
no publication on DIGE labelling before any depletion step has been
reported. One possible guess is the additional manipulation on the CyDyes.
After the labelling of proteins, the labelled sample still has to going through
the depletion column and the Amicon for concentrating the sample. This
probably affects the performance of the CyDyes. Another suggestion is the
difficulty in controlling the amount of protein to be labelled initially, in
order to have sufficient amount when the depleted serum is coming out from
the column and carry on to the conventional 2-DE for detection. Although
the image is not ideal, it happens that the differential spots identified with
this method are the same as those identified with the sample normalization

after immunodepletion method.

All the 12 identified proteins have been reported to be differentially
expressed in different kinds of cancers. However, regarding gastric cancer,
only albumin, o-1-antitrypsin, y-actin and apolipoprotein A-1 have been

reported.

Albumin is a soluble, monomeric protein which comprises about
one-half of the serum protein. It functions primarily as a carrier protein for
steroids, fatty acids, and thyroid hormones and plays a role in regulation of
the colloidal osmotic pressure of blood by stabilizing the extracellular fluid
volume. It is synthesized in the liver as preproalbumin which has an
N-terminal peptide that is removed before the nascent protein is released
from the rough endoplasmic reticulum. Proalbumin, is in turn cleaved in the
Golgi vesicles to produce the secreted aloumin. An up-regulation of albumin
has also been detected by Chen (Chen et al., 2004) in gastric cancer.

However, it should be stressed that albumin, being a member of the HAP,
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have to be studied further before it can be confirmed as a biomarker

candidate of gastric cancer.

T-kininogen (KNG) acts as a precursor of active peptide bradykinin,
and is involved in smooth muscle contraction, induction of hypotension and
vascular permeability. It is an inhibitor of thiol protesase and plays a role in
blood coagulation. A reduced expression of cleaved high-molecular-weight
kininogen (light chain) has been detected in two types of cerviacal cancer,
squmaous cell cervical carcinoma and cervical adenocarcinoma
(Abdul-Rahman et al., 2007). In addition, recent studies have demonstrated
that kininogen was down-regulated in breast cancer patients (Gabrijelcic et
al., 1992). In constrast, research conducted on Nagase analbuminemic rats
bearing intestinal tumors induced by azoxymethane have displayed an
significant higher of a T-kininogen isotype level in serum than normal
controls. Elevation of the serum level of that T-kininogen isotype has also
been observed in Sprague-Dawley rats bearing intestinal tumors, skin
tumors, subcutaneous sarcomas, or mammary tumors and in ACI rats

bearing urinary bladder tumors (Kanda et al., 1990).

a-2-HS glycoprotein (AHSG), a glycoprotein present in the serum,
is synthesized by hepatocytes in liver and osteoblasts, and is concentrated
into the mineralized tissue. It has also been grouped with the fetuins, a
family of proteins that occur in fetal plasma in high concentration owing to
its extensive sequence identity. The AHSG molecule consists of two
polypeptide chains, which are both cleaved from a proprotein encoded from
a single mRNA. It is involved in several functions, such as acute phase
response, regulation of inflammatory response, negative regulation of bone
mineralization and positive regulation of phagocytosis. It also plays a vital
role in blocking transforming growth factor-beta 1 signal transduction,
which is associated with tumor development. The protein is commonly
present in the cortical plate of the immature cerebral cortex and bone
marrow hemopoietic matrix, therefore it has been postulated that it

participates in the development of the tissues. However, its exact
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significance is still obscure. AHSG has been reported as a biomarker in
several cancers. Pawlik et al. utilized isotope-coded affinity tag (ICAT)
tandem mass spectrometry (MS) to identity and quantify differences in
specific protein expression between nipple aspirate fluid (NAF) samples
from tumor-bearing and from disease-free breasts. It was found that in
women with early-stage breast cancer, the amount of AHSG in the nipple
aspirate fluid has been observed to be reduced in terms of ICAT ratio
(Pawlik et al., 2006). Besides breast cancer, in lung squamous cell
carcinoma a decreased level of AHSG compared with normal sera (Dowling
et al., 2007) was also detected. In addition, AHSG has also been observed to
be depleted in acute myeloid leukaemia (AML), compared with normal
tissue. It has been postulated that the down-regulation of AGSH might be
due to the abnormal development of bone marrow in AML patient (Kwak et
al., 2004).

a-1-antitrypsin is an inhibitor of serine protease. Its primary target is
elastase, but it also has a moderate affinity for plasmin and thrombin. It
inhibits trypsin, chymotrypsin and plasminogen activator. The aberrant form
inhibits insulin-induced NO synthesis in platelets, decreases coagulation
time and has proteolytic activity against insulin and plasmin. This protein is
frequently detected to be up-regulated in various kinds of cancers. In the
studies of the serum samples from patients with gastric cancer(Chen et al.,
2004; Lee et al., 2004; Hsu et al., 2007), lung cancer (Patz et al., 2007),
prostate cancer and breast cancer (El-Akawi et al., 2008), up-regulation of
a-1-antitrypsin were observed. Over-expression of a-1-antitrypsin was also
detected in tissue examinations on primary acinar cell carcinoma of liver
(Hervieu et al., 2008) and pancreatic ductal adenocarcinoma (Chung et al.,
2008).

Afamin, which belongs to the albumin family, comprises of albumin,
a-fetoprotein and vitamin D binding protein. It has a predicted mass of ~65
kDa and apparent molecular mass of 87kDa due to N-glycosylation. Afamin

is expressed in the liver and secreted into the bloodstream. Afamin, which
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has been recently identified as a potential biomarker for ovarian cancer due
to its complementarity with CA-125, is currently the most widely used
marker, in longitudinal monitoring of ovarian cancer patients. Studies
confirmed by Western blotting and ELISA have shown that the total afamin
concentration in serum samples of patients with ovarian cancer sharply
decreased when compared with the normal controls and with patients with

benign disease (Jackson et al., 2007).

Actin is the most abundant and one of the most highly conserved
proteins in all eukaryotic cells. It is a globular, roughly 42kDa protein. Actin
microfilaments are involved in many important cellular functions, such as
cell locomotion, signal transduction, contractile ring formation during
cytokinesis, organelle movement, secretion, mMRNA processing and activity
of membrane channels. Of its six isoforms, y-actin mainly exists in stress
fibres, and play an important role in the maintenance of cell shape,
differentiation, and mechanical resistance. The expression of the actin
isoforms can be up- or down-regulated in neoplastic transformation and
other cell pathologies. In a recent study by Zhang, y-actin was found to be
over-expressed. It has been illustrated that there is an increased level of
y-actin in tumor cells measured on western blots in the cytosolic fractions of
human melanoma cell line (Radwanska et al., 2008). The concentration of
y-actin was found to be lower in human salivary gland adenocarcinoma cell
clones, which acquired metastatic capacity, in comparison with its original
clone HSGc lacking metastatic ability. It has been suggested that such a
difference is one of main factors that contribute to a decrease in cell
adhesiveness and an increase in cell motility, which in turn is probably a
major cause for acquisition of metastatic potential (Suzuki et al., 1998). It
has also been reported that cytoskeleton protein y-actin is over-expressed in
hepatocellular carcinoma cell lines with high metastatic potentials (Zhang et
al., 2006).

Stress 70 protein belongs to the heat shock protein 70 family. It is

implicated in the control of cell proliferation and cellular aging. It may also
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act as a chaperone. Stress 70 protein is over-expressed in malignant
melanoma (Kalogeraki et al., 2006) and under-expressed in renal cell cancer
(Ramp et al., 2007).

Apolipoprotein A-l is the major protein component of high density
lipoprotein (HDL) in plasma. It participates in the reverse transport of
cholesterol from tissues to the liver for excretion by promoting cholesterol
efflux from tissues and by acting as a cofactor for the lecithin cholesterol
acyltransferase. Altered plasma/serum levels of it have been reported in
ovarian and prostate cancer. Apolipoprotein-Al levels were found to be
significantly lower in gastric cancer (Ryu et al., 2003; He et al., 2004) and
pancreatic cancer. Furthermore, a down-regulated expression of
apolipoprotein Al is commonly detected in patients of hepatocellular cancer,
where abnormal liver function damages lipoprotein synthesis and
metabolism (Yan et al., 2008).

Apolipoprotein A-1V, a major component of HDL and chylomicrons,
is synthesized by the human intestine and secreted in the plasma. It is
responsible for chylomicrons and VLDL secretion and catabolism, and lipid
transport. In human serum, apolipoprotein A-1V was found to be of higher
abundance in squamous cell carcinoma patients compared to healthy
individuals (Dowling et al., 2007), whereas it has a reduced expression in
hepatocellular carcinoma patients after radiofrequency ablation (Kawakami
et al., 2005). It has also been observed that there is an elevated expression of
apolipoprotein A-1V in the advanced stage neuroblastoma samples as

compared to controls (Sandoval et al., 2007).

Transthyretin (TTR), a thyroid hormone-binding protein, transports
thyroxine from the bloodstream to the brain and is involved in retinol
metabolism. It is synthesized in the liver, choroid plexus and retinal pigment
epithelium and islet A and B cells. It has been reported that the average total
TTR level for lung cancer serum samples is significantly lower than that in
normal individuals, whereas it is higher than in the benign lung diseases
samples. This level difference demonstrates that TTR could also
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discriminate lung cancer patients from benign lung diseases patients and
normal individuals. Changes in the levels of TTR in serum samples are
mainly due to liver activity, which could be converted to the synthesis of
acute-phase response proteins and result in a significant decrease in TTR
(Liu et al., 2007a). In addition, recent studies have shown that the level of
TTR is reduced in the sera of patients with ovarian cancer and advanced
cervical, endometrial carcinomas, pancreatic cancer (Yan et al., 2008) as
well as head and neck squamous cell carcinoma (Dowling et al., 2008).

Murinoglobulin belongs to the protease inhibitor 139 family. It
activates the inhibitor by specific proteolysis in the bait region, which, by an
unknown mechanism leads to reaction at the cysteinyl-glutamyl internal
thiol ester site and to a conformational change, whereby the proteinase is
trapped and/or covalently bound to the inhibitor. While in the tetrameric
preoteinase inhibitors steric inhibition is sufficiently strong, monomeric
forms need a covalent linkage between the activated glutamyl residue of the
original thiol ester and and a terminal amino group of a lysine or another
nucleophilic group on the proteinase for the inhibition to become effective.
Its expression level in the liver as well as the protein level in serum are
down-regulated by up to 70% during acute inflammation or tumor

development (Sugiyama et al., 1989; Regler et al., 1991).

Inter-alpha-inhibitor H4 heavy chain is involved in acute phase
reactions. It was reported that this protein is up-regulated in serum of lung
cancer patients (Heo et al., 2007), while it is down-regulated in the study of
plasma sample of melanoma patients with SELDI-TOF MS analysis
(Caputo et al., 2005).

Most of the 12 differential proteins are involved in acute phase
response. Acute phase proteins are molecules in blood that either increase or
decrease in response to chronic inflammation or cancer. It is envisioned that
when the body is injured, immune cells will flood to the injured area to help
healing and/or fighting off the harmful substances, and causing
inflammation in the body. The acute phase proteins are responsible for
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helping the body to respond to injury by destroying the harmful substances
or helping the blood clot and preventing blood loss. Links between cancer
and inflammation were first discovered in the nineteenth century on the
basis of observations that tumors often appeared at sites of chronic
inflammation and that inflammatory cells were present in biopsied samples
from tumors (Balkwill and Mantovani, 2001). Several epidemiologic
(Caruso et al., 2004) and experimental studies (Dannenberg et al., 2005)
implicated that inflammation is an important factor in neoplastic progression
via production of oxygen and nitrogen radical oxidants, production of
growth-promoting cytokines, tumor suppressor inhibition and stimulation of
signal transduction pathways. There is evidence suggesting that several
cancers are linked to inflammatory origin, such as prostate (Nelson et al.,
2004), colon (Dannenberg et al., 2005), breast (Chang et al., 2005) and lung
(Mao et al., 2005) cancers. The pathways that connect inflammation and
cancer are shown below. Briefly, cancer and inflammation are connected by
two pathways, the intrinsic pathway and extrinsic pathway. The intrinsic
pathway is activated by genetic events that cause neoplasia. These events
include the activation of various types of oncogene by mutation,
chromosomal rearrangement or amplification, and the inactivation of
tumor-suppressor genes. Inflammatory mediators are produced under this
situation, thereby generating an inflammatory microenvironment in tumors.
In contrast, inflammatory or infectious conditions augment the risk of
developing cancer at certain anatomical sites in the extrinsic pathway. When
the two pathways converge, they activate the transcription factors to
coordinate the production of inflammatory mediators, such as cytokines.
Then the cytokines further activate the same key transcription factors in
inflammatory cells, stromal cells and tumor cells, resulting in more
inflammatory mediator being produced and a cancer-related inflammatory
microenvironment being generated (Mantovani et al., 2008). The connection

is diagrammatically shown in Figure 5.11.
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Extrinsic pathway Intrinsic pathway

Inflammation / Infection Oncogene activation

Transcription factors (NF-kB, STAT3, HIF1a)
activated in tumor cells

v

Chemokines, cytokines, prostaglandins
(and COX2) produced by tumor cells

v

Inflammatory cells recruited

Eosinophil
Macrophage
Mast cell
Neutrophil
Myeloid-derived suppressor cell

v

Transcription factors (NF-kB, STAT3, HIF1a) activated
in inflammatory cells, stromal cells and tumor cells

v

Chemokines, cytokines,
prostaglandins (and COX2) produced

v

Cancer-related inflammation ‘

Figure 5.11: Pathways that connect inflammation and cancer (Mantovani et
al., 2008).
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5.4. Conclusion

In the first part of this chapter, it was seen that IPG strip of pH 4-7 was
chosen for the analysis of rat serum proteome. Differential proteins
generated by 3 different sample separation methods were compared.
Obstacles appeared when performing with the third method, sample
normalization with DIGE labelling before immunodepletion. This method
has not been reported previously mainly due to the high cost of CyDyes.
Several experiments had been tried in altering the sample size, but an ideal
image could hardly be obtained and analysis with the DeCyder was difficult.
Therefore, it can be concluded that additional manipulation of sample after
DIGE labelling should be avoided. Labelling process should be executed

after the depletion processes.

After analyzing the data, a total of 12 proteins with at least 3 folds
differential expression were successfully identified by MALDI-TOF-TOF
MS. Among them, 6 proteins were up-regulated (albumin, T-kininogen,
a-2-HS glycoprotein, a-1-antitrypsin, afamin and y-actin), while the other 6
proteins were down-regulated (stress 70 protein, apolipoprotein A-I,
apolipoprotein A-1V, transthyretin, murinoglobulin and inter-a-inhibitor H4
heavy chain). Classification of the proteins according to their functions
shows that most of them are involved in the acute phase response. This
phenomenon can be explained by the connection among acute phase

response, inflammation and cancer.
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Chapter 6: Concluding remarks and the way forward

With the gastric cancer model in rat, 12 proteins were found to be
differentially expressed in serum samples from rats with histologically
confirmed dysplasia and adenocarcinoma. This stage is one of the early
stages of gastric cancer. Most of the 12 proteins were involved in the acute
phase response. Therefore, my results supposed the notion that early stages

of cancer can be related to inflammation.

Results of this project also demonstrated that the feasibility of
applying 2D-DIGE technique to enhance the discovery process by
overcoming some technical bottlenecks associated with classical 2-DE. In
my hands, DIGE labelling of samples before depletion was not practical.
One of the main concerns is the cost of CyDyes. As shown in Table 5.1 in
the previous chapter, the amount of CyDyes needed to label the samples
prior to immunodepletion were 20 times more compared to the alternate
method. Moreover, all the procedures have to be performed in the dark to
prevent photo-bleaching of CyDyes, which increases the complexity of the
experiment. However, an increment of spots was detected with this method,
indicating that it is possible to find more differential proteins as biomarkers.
Therefore, this method may be attainable for other research groups with

more resources.

The establishment of the rat gastric cancer model provides us with a
great advantage as serial serum samples, which have been collected
bi-weekly during the gastric cancer induction process, are available for
further investigation. This availability of serum samples in different stages
of gastric cancer allows a detailed analysis on the expression levels of the
candidate biomarkers throughout the whole process of carcinogenesis. The
inter-relationship between these proteins and the carcinogenic process can
be studied.
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Although a full picture of the protein interactions in the gastric
cancer remains unclear, this panel of biomarkers may be employed in the
early diagnosis and screening of high risk individuals of gastric cancer.
Small (n=100-200) and large (n>1000) scale validation of these protein
biomarkers in patients with gastric cancer, as well as other types of cancers
including that of colorectal, lung, liver and leukaemia, can be carried out.
Further elucidation of their exact roles in the carcinogenesis process may

hold vital keys for development of treatment protocols in the future.
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Appendix I - Details of the sequence coverage and peptide mass finger prints of proteins identified in Chapter 4
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Email H

Search title : datahase search

Datahase : HCBInr 20070216 (4626804 segquences; 1596079197 residues)
T axonomy : Mammalia (mammals) (525125 sequences)

Time st amp : 29 Oct 2008 at 02:57:36 GMT

Top Score : 98 for gi|203063, alpha-l-antitrypsin precursor

Probability Based Mowse Score

Protein score is -10¥Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 70 are significant (p<0.05).

Mumber of Hits
o

T
75 Lo
Prohability Baszed Mowse Score

Concise Protein Summary Report

Format As |Concise Protein Summaryj Help
Significance threshold p< |0.05 IMazx number of hits |5

Fe-Search All | Search Unmatched |
1. gil203063 Ma=ss: 45975 Score: 98 Expect: 5.1=-005 Queries matched: S
alpha-l-antitrypsin precursor
gi| 51036655 Mass: 46264 Score: 9§ Expect: 5.7e-005 Queries matched: S
serine protease inhibitor alpha 1 [Rattus norvegicus]
gil|112589 Mass: 46278 Score: 93 Expect: 5.7e-005 Queries matched: 5

Llpha-l-antiproteinase precursor (Llpha-l-antitrypsin) (Alpha-l-proteinase inhibito

Protein View

Match to: gi|203063 Score: 98 Expect: §.1e-005
alpha-l-antitrypsin precursor

MNominal mass (M ): 45978; Calculated pl valus: 5.70
NCEI BLAST search of gi|Z03063 against nr
Informatted Sequence String for pasting into other applications

Taxonomy: Rattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Varisble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-termn side of KR unless next residue is P
Number of mass walues searched: 13

HNutber of mass values matched: &

Jequence Coverage: 24%

Matched peptides shown in Bold Red

1 SISRGLLLLA ALCCLAPSFL AEDAQETDTS QQDOSPTYRE ISSHLADFAF
51 SLYRELVHQZ NTINIFFIZPM ZITTAFAMLE LGSEGDTREQ ILEGLEFNLT
101 QIPEADIHKA FHHLLOTLNE FDIELQLNTG NGLFVNENLE LVEEFLEEWVE
151 MNYHSEAFSYV NFADSEEAEK VWINDYWEKGT QGEIVDLMEQ LDEDTVEALW
201 HYIFFEGEWE RPFFHPEHTRD ADFHVDESTT VEVPMMNELG MFDMHYCITL
251 I5WVLMMDYL GNATAIFLLP DDGEMQHLEQ TLTEDLIZRF LLMNRQTREAT
301 LYFFELSISG TYNLETLLSS LGITRWFMND ADLIGITEDA PLEL3IQAVHE
351 AVLTLDERGT ERAGATVVEA WPHSLFPOWVE FDHPFIFMIV ESET(QSPLFW
401 GEVIDFTE
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User : Katie
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Search title : database search

MS data file : DATA.TXT

Database : HCBInr 20070216 (4626804 segquences; 1596079197 residues)

T axon omy : Mammalia {mammals) (525125 sequences)

Timestamp : 29 0ct 2008 at 03:01:10 GMT

Protein hits : gi]112889 Alpha-l-antiproteinase precursor [(Alpha-l-antitrypsin)

gi]|40254285% interleukin 28 receptor

alpha [Mus musculus]

gi]119901152 PREDICTED: similar to OTTHUMPOOOOOOD17175 [Bos taurus]

gi]109505146 FPREDICTED: hypothetical
gi]|94407699 FPREDICTED: hypothetical

Probability Based Mowse Score

protein [Rattus norvegicus]
protein [Mus musculus]

Tons score 15 - 10%Log(P), where P is the probability that the observed match 15 a random event.

Indindual 1ons scores = 38 mdicate peptides with sigmificant homeology.

Individual ions scores > 42 indicate identity or extensive homology (p<0.03).
Protein scores are detived from ions scores as a non-probabilistic basis for ranling protein hits.
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Probability Based Mowse Score

Protein View

Match to: gi|203063 ZScore: 62
alpha-l-antitrypsin precursor
Found in search of DATA.TXET

HNominal mass (M ): 45978; Calculated pl walues: 5.70

WNCEI BELAST search of gi|203063 against nr
Unformatted sequence string for pasting into other

Taxonomy: Battus norvegicus

Fixed wodifications: Carbamidomethyl (C)

Variahle modifications: Oxidation (M)

Cleavadge by Trypsin: cuts C-term side of KR unless
Sequence Coverage: 2%

Matched peptides shown in Bold Red

1 SISRGLLLLA ALCCLAPIFL AEDAQETDTS QOQDOIPTTRE
51 SLYRELVHOQE NTIMNIFFIPM SITTAFAMLE LGIEGLTREQ
101 QIPEADTHEAL FHHLLQTLME PDSELQLNTG NGLFVNENLE
151 NNYHIEAF3YV NFADIEEAEK VINDYVEKGT QGEIVDLHMEQ
201 NYIFFEGEWE RPFHPEHTRD ADFHVDESTT VEWVPMMMELG
251 SS5WVLMMDYL GNATAIFLLP DDGEMQHLEQ TLTEDLISRF
301 LYFPEL3ISG TYNLETLL3S LGITEWFNND ADLSGITEDA
351 LVLTLDERGT EALAGATVVEA VPMILFPOVE FDHPFIFMIV
401 GEWILPTR
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Search title : database search

Database : HCBInr 20070216 (4626804 seguences;: 1596079197 residues)

T axonomy : Rattus (39483 segquences)

Timest amp : 6 Feh 2009 at 06:18:13 GMT

Top Score : 107 for gi|§1872093, Alpha-1-macroglobulin precursor (Alpha-1-M) [Contains: Alpha-l1-macrogleobulin 165 kla subunit; Alpha-1-macroglobulin 45 kDa subunit]

Probability Based Mowse Score

Protemn score 15 - 10*Log(F), where P 15 the probability that the observed match 15 a random event
Protein scores greater than 58 are significant (p<0.05).
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Concise Protein Summary Report

FarmatAs | |Concise Protein Summary | Help

Significance threshold p= [0.05 Mz mumber of hits |20

Re-Search All | Search Unmatched |

1. gi| 81872093 Masgs: 168388 Score: 107 Expect: 7.9e-007 (ueries matched: 11
Llpha-l-macroglobulinh precursor [(ARlpha-1-M) [Contains: Alpha-l-macroglobulin 165 kDa subunit: ALlpha-l-wmacroglobulin 45 kDa subunit]
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Protein View

Match to: gi|81872093 Score: 107 Expect: 7.9e-007
Alpha-1-macroglobulin precursor {Alpha-1-M} [Contains: Alpha-1-macroglobulin 165 kDa subunit:

Nominal mass (M ): 168388; Calculated pl value: 6.46

NCEI ELAST search of gi|51572093 against nr
Tnformatted sequence string for pasting into other applications

Taxonomwy: Battus norvegicus

Links to retriewve other entries containing this sequence from NCEI Entrez:
gi| 202857 from Rattus norvegicus

gi| 739596 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variahle mwodifications: Oxidation (M)

Clesvage by Trypsin: cuts C-term side of KR unless next residue is P
Nunber of mass values searched: 12

Number of masz values matched: 11

Sequence Coverage: 8%

Matched peptides shown in Bold Red

1 MEFNOQLPIPY FLLLLLLLPE DATALTGEFE YWVLVPSELY AGVPEEVCVH
51 LNHLNETVTL NWTLEYGVQY 3NLLIDQAVD ED3SYCS3FT ISRPLEPSAL
101 IAVEIEGPFTH HFIEEESHMWI TEAESPVFVQ TDEFPIYEPGQ TVEFEVVIVD
151 ISFRPVNETF PVVYIENPER NRIFQWONWD LPGGLHQLSF PLSVEPALGI
201 YEVVVQEDIG EKIEHSFEVE EYVLPEFEVQ VEMFETMAFL EEELVVTALCG
251 LYTYGEPVPG LVTHMEVCEEY TOIYINCHGO HSESICEEFS KQADEKGCFER
301 OVVETEVFQP ROQEGYDMEIE VEAKIEEDGT GIELTGTGSC EIANTLSELE
351 FTEANTFYRP GLPFFGOVLL VDEKGQPIPN ENLTVOVIIY RIQFTFTTDE
401 HGLANILIDT THFTFSFHGI RVIVEQNNIC FDNWWVDEYH TQADHIAARI
451 FSPIR3YIQL ELVLGTLACG QTQEIRIHFL LNEDALEDAE DLTFYYLIEL
501 RGIIFNAGEH VLPLEQGEVE GVVIFPIRVE PGMAPVAKLI VYTILFNEEL
551 TADVQEFDIE ECFANTVNLS FP3IAQSLPAS DTHLTVEATP LSLCALTAVD
601 OSVLLLEPEL KLSPOSIYNL LPQEAEQGAY LGPLPYEGGE NCIEKAEDITH
651 NGIVYTPEQD LNDNDAYIVF QIIGLEIFTHN TRVHEPRYCP MYQAYPPLPY
701 VGEPQALAMI AIPGAGYRSZ MIRTISMMMM GASEVALQEVE VRETVREYFP
751 ETWIWDMWFPL DL3GDGELPYV EVPDTITEWE ASAFCL3GTT GLGLISTISH
801 EVFQPFFLEL TLPYSVVEGE AFILEATVLMN YMPHCIRIHY SLEMIPDFLA
851 VPVGSHEDSH CICGNERETV SWAVTPESLG EVNFTATAEL LOSPELCGME
901 VAEVPALVQE DTVWEPVIVE PEGIEEEQTY NTLLCPQDALE LOENWTLDLE
951 ANVWVEGSARA TQ3VLGDILG SAMONLONLL QMPYGCGEQN MVLFWVPNIYY
1001 LEYLMETOQQL TEAIESKALIS YLISGYQRQL NYQHSDGSYS TFGDRGMERHS
1051 QGNTWLTAFYV LEAFAQALOIY IVIEKTHITN AFNWLIMEQR ENGCFOQOQ3G3
1101 LLNNAMEGGY DDEVTLSAYI TIALLEMPLF VTH3VVENAL FCLETAWALSI
1151 SNSQESHVYT KALLAYAFAL AGWNRAEKRSEYV LESLMEDAVN EEESVHWOQRP
1201 FMVEENVEREEM RSFSYKPRAP SAEVEMTAYY LLAVLTSASS RPTRDLISSD
1251 LTTASKEIVEW ISEQQHSHGG FSSTQDTVVA LQALSEYGAL TFTESHEEVWS
1301 ¥TIESSGTVS GTLHYHHGHR LLLQEVRLAD LPGNYITEVS GSEGCVYLQTS
1351 LEYNILPELE GEAPFTLEWH TLPLHFDEAE HHREFQIHIN V3YIGERFNSZ
1401 NMVIVDVEMY SGFIPVEPSY EELQDQSHIQ RTEVHTHHVL IYIEKLTNOT
1451 HGFSFAVEQD IPVENLEPAP VEWYDYYETD EFAIEEYSAP F3ISDSEQGMNL
1501
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Top Score : 326 for gi|19705431, albumin [Rattus norvegicus]

Probability Based Mowse Score

Protein score 15 -10%Log(P), where P is the probability that the observed match is a random event.

Protein scores greater than 58 are significant (p<0.03).
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albumin [Rattus norvegicus]
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Serum albumin precursor
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gi] 55391505 Mass: 70710 Score: 308 Expect: 6.3e-027 Queries matched:

Albumin [Rattus norvegicus]

Protein View

Match to: gi|19705431 Score: 326 Expect: 9.9e-029
albumin [Rattus norvegicus]

Nominal mass (M ): 70670; Calculated pI value: 6.09

NCEI BLAST search of gi|l19705431 against nr
Tnformatted sequence string for pasting into other

applications

Links to retriewe other entries containing this sequence from NCEI Entrez:

gi| 55625 from Battus norvegicus

Fixed modifications: Carbamidomethyl ()

Variasble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless
HNurber of mass walues searched: 41

Nurber of mass wvalues matched: 28

Sequence Coverage: 49%

Matched peptides shown in Bold Red

1 MEWWTFLLLL FI3G3AF3RG VFRFEAHESE IAHRFEDLGE

51 FSQYLQECPY EEHIFKLVQEY TDFAKTCVAD ENAENCDEST
101 IFPKLEDHYGE LADCCAKQEF ERHECFLQHE DDNFNLFFFQ
151 FQENPTSFLG HYLHEVARRH PYFYAPELLY YAEKYNEVLT
201 CLTPELDAVE EEALVALVRO RMECZSMORF GERALFEAWLY
251 EFAEITELAT DVTEINEECC HGDLLECADD RAELAKYMCE
301 ACCDEPVLOQE SQCLAETEHD NIPADLPIIA ADFVEDEEVC
351 LGTFLYEYSR RHPDYSVSLL LRLAEKYEAT LEKCCAEGDP
401 FQPLVEEPEN LVETNCELYE KLGEYGFQHA WLVRYTQEAP
451 ARNLGEVGTE CCTLPEAQRL PCVEDYLSAT LHRLCVLHEEK
501 CS5GSLYERRF CFSALTVDET YVPEEFEAET FTFHSDICTL
551 TALAELVEHE PEATEDQLET VMGDFAQFVD KCCEAADEDH
601 ARSKELLL
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next residue i=s P

QHFEGLVLIA
HTLEGDELCA
RPEREANCTS
QCCTESDEAL
AFMSQRFPHA
NQATISSELQ
FINTLE LFDVF
PACYGTVLAE
Q¥STPTLVEL
TPVIEEVNTEC
PFDEEKQIEEQ
CFATEGFHLY

Z8

25

27



MATRIX

SCiivers Vascot Search Results

User : Katie

Email H

Search title : database search

M5 data file : DATA.TXT

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T aHONOmY : Rattus (39483 sequences)

Timestamp : 29 Oct 2008 at 03:58:02 GMT

Protein hits : gi]19705431 albuwnin [Rattus norvegicus]

gi]109506635 PREDICTED: =similar to MEGF10 protein [Rattus norvegicus]

ygi|9845251 rapamycin and FEBP1Z target-1 protein [Rattus norvegicus

gi]115485 Caleitonin gene-related peptide 1 precursor (Caleitonin gene-related
gi]109474014 FREDICTED: similar to cell adhesion molecule with homology to L1ICAM

gi]16128844 conserved protein with nuecleoside triphosphate hydrolase domain [Esc
gi|34860298 PREDICTED: similar to matrix metcalloproteinase la (interstitial coll
gi]34878065 FPREDICTED: similar to Putative pre-wRNA-splicing factor ATP-dependen
ygi]16128551 bacteriophage N4 receptor, outer membrane subunit [Escherichia coli

gi]1710906 coatomer beta subunit [Rattus norvegicus]

Probability Based Mowse Score

Tons score 13 -10*Log(P), where P iz the probability that the observed match 15 a random event.
Indinidual ions scores » 25 indicate identity or extensive homology (p=0.05).
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits.

Humber of Hits

Protein View

T T T T T T T T T
] 7a 100
Probability Based Mowse Score

Match to: gi|l19705431 Score: 94
albumin [Rattus norvegicus]
Found in search of DATL.TET

Nominal mass (M ):

NCEI BLAST search

T0670; Calculated pl value: 6.09
of gi|i197Y05431 against nr

Tnformatted sequence string for pasting into other applications

Links to retrieve

other entries containing this sequence from NCEI Entrez:

gi| 55625 from Rattus norvegicus

Fixed modifications: Carbamidomethyl (C)
Varisble modifications: Oxidation (M)
Cleavage by Trypsin: cuts C-term side of EE unless next residue is P

Sequence Coverage:

2%

Matched peptides shown in Bold Red

1 MEWVTFLLLL
51 F3QVLOKECPY
101 IPELEDNYGE
151 FOENPTSFLG
201 CLTPELDAVE
251 EFAEITELAT
301 ACCDEPWVLOE
351 LGTFLYEYSR
401 FQPLVEEPEN
451 ABRNLGEWVGTE
501 CSGILVERRFP
551 TALAELVEHE
601 ARSKEALL

FISGIAF3IRG VFRREAHESE ITAHRFKDLGE OHFEGLVLIL
EEHIELVQEV TDFAKTCVAD ENAEMNCDESI HTLFGDELCL
LADCCAKQEP ERMECFLOHE DDNPNLPPFQ RPEAELMCTS
HYLHEVARRH PYFYAPELLY YAEEYMEVLT QCCTESDEARL
EEALVAAVEQ RMECIZMOERF GERAFEAWAV ARMIORFPMA
DVTEINKECC HGDLLECADD RAELAKYMCE NQATIZZELQ
SOCLAETEHD NIPADLPSIAL ADFVEDEEVC FNTAELEDWE
RHPDYSVILL LRELAKKEYEAT LEKCCAEGDF PACYGTVLAE
LVETHCELYE ELGEVGFQNL VLVEYTOEAP CVSTPTLVEL
CCTLPEAQRL PCVEDYL3AI LNELCVLHEE TFVIEEVTEC
CFSALTVDET YVPEEFELET FTFHSDICTL PDEEEQIEEQ
PEATEDQLET VMGDFAQFWD KCCEAADEDN CFATEGPNLV
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lscvers Mascot Search Results

User : katie

Email H

Search title : datahase search

Datahase : HCBEInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus ({39483 sequences)

Time st amp : 26 Dec 2008 at 05:29:06 GMT

Top Score : 131 for gi|1703338, Apolipoprotein E precursor {Apo-E)

Probability Based Mowse Score

Protein score is - 10*Log(P), where P is the probabiity that the observed match iz a random event.
Protein scores greater than 58 are significant (p<0.05).

Mumber of Hits

T T T T T T T T F_l

fals] hels]
Probability Based Mowse Score

Concise Protein Suinmary Report

FormatAs | | Concise Protein Summany v | Help
Significance threshold p= |0.05 Mazx mumber of hits [20

Re-Search All | Search Unmatched |
1. gi] 17035335 Mass: 35758 Score: 131 Expect: 3.1e-00% Queries matched:

Apolipoprotein E precursor [(Apo-E)

gi|37a05241 Masgsg: 35798 Score: 131 Expect: 3.1e-002 Queries matched:

Apolipoprotein E [Rattus norvegicus]

Protein View

Match to: gi|1703338 Score: 131 Expect: 3.1e-009
Apolipoprotein E precursor {Apo-E)

Nominal msss (M ): 35788; Calculated pl walue: 5.23

NCEI BLAST search of gi|1703338 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Rattus norvegicus

Links to retrieve other entries containing this sequence from NCEI Entrez:
gi| 202958 fromw Battus norvedicus

gi] 55824759 from Battus norvegicus

Fixed modifications: Carbamidomethyl [C)

Variabhle modifications: Oxidation (M)

Clesvage by Trypsin: cubts C-term side of KR unless next residue is P
Nunmber of mass values searched: 31

Numwber of mwass values mwatched: 15

Sequence Coverage: 29%

Matched peptides shown in Bold Red

1 MEALWALLLY PLLTGCLAEG ELEVTDQLPG QIDQPWEQLL INEFWDYLRWW
51 QTLSDOVQEE LOQSSOVTQEL TVLMEDTHMTE VEAYEKELEE (LGPVAEETR
101 ARLAFEV(QAA QARLGADMED LEHRLGOYRHN EVHTMLG()ST EELR3ELSTH
151 LREMEEELNE DADDLOERLA VYKAGADEGA ERGVILIEER LGPLVEQGRZ
201 RTANLGAGAL QFLRDRAQAL SDRIRGRELEE VGMNQARDELE EVREQMEEVE
251 SEMEEQTQQI RLOAEIFQAR IKGWFEPLVE DMOROWANLMN EEIQAIVATI
301 SIASTTVPLE NQ
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MATRIX
lstivers Mascot Search Results

User : Katie

Email :

Search title : database search

Datahase HCBInr 20070216 (4626804 seiquences; 15396079197 residues)

T axonomy Rodentia {Rodents) (149892 sequences)
Timest amp : 29 Dct 2008 at 04:08:03 GMT
Top Score : 105 for gi| 57528174, apolipoprotein H [Rattus norvegicus]

Probability Based Mowse Score

Protein score 15 - 10*Log(F), where P is the probabdlity that the observed match is a random event.
Protein scores greater than 64 are significant (p<0.05).

Mumber of Hits

T T 'l—ﬂ
iy 78 100

Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | | Concise Protein Summary = | Help
Significance threshold p= |0.05 Max. number of hits |20

Re-Search All | Search Unmatched |
1. gi| 57528174 Mas=s: 39743 Score: 105 Expect: 4.7e-006 Queries matched: S

apolipoprotein H [Rattus norvegicus]

oi| 74351906 Mass: 30401 Score: 98 Expect: Z.Z2e-005 Queries matched: 7

apolipoprotein H [Rattus norvegicus]

Protein View

Match to: gi|57528174 Score: 105 Expect: 4.7e-006
apolipoprotein H [Rattus norvegicus]

Mowinal mass (M) : 39743; Calculated pl wvalue: 8.58

NCEI ELAST search of gi|57525174 against nr
Unformatted sequence string for pasting into other applications

Taxonowy: BEattus norvegicus
Links to retriewve other entries containing this sequence from NCEI Entrez:

gi| 56871279 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C

Variasble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of ER unless next residue is P
Nuwber of wass values searched: 36

Nunber of wass values matched: §

Sequence Coverage: 35%

Matched peptides shown in Bold Red

1 MISPALIFFS AFLCHVAIAG RTCPEPDELP FAVVVPLETF YDFGEQIVYS

51 CEPGYVSRGG MREFTCPLTG MWPINTLECI PEVCPFAGIL EHGYVVRYTTF
101 EYPNTIGFAC NPGYYLNGTS S3KCTEEGEW SPELFYCARI TCFPFFPIFPEF
151 ALALEEYETSY GHSSFY(QDTV VFKCLPHFAM FGNDTVTCTL HGMNWTQLPEC
201 REVECPFPSE PDHGEVHYPA EPVLSYKDEL VFGCHETYEL DGPEEVECTE
251 TGNWIALFSC EKASCELSVEEK ATVLY(GQRV KIQDOFENGH MHGDEVHFYC
301 ENEEEECSYT EEAQCIDGTI EIPECFEEHS SLAFWETDAS DVTPC
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MATRIX /
timvers Wlascot Search Results

User : Katie

Email

Search title : datahase search

MS data file : DATA.TXT

Datahase : HCBInr 20070216 (4626804 segquences;: 1596079197 residues)

T axonomy : Rodentia {Rodents) (149892 sequences)

Timestamp i 29 Dct 2008 at 04:11:00 GMT

Protein hits  gi]1351954 EBeta-Z-glycoprotein 1 precursor [Beta-Z-glycoprotein I) (Apolipoprotein H

giJ119361073 ibhydrolase domain-containing protein 9 precursor
gi|71043724 proteasome (prosome, wacropain) subunit, heta type 10 [Battus norvegicus]

gi]|350611 transaminase,Glu oxaloacetic
gi|930347 dishevelled-1 protein [Mus musculus

gi]15803709 ribosowe-binding factor L [Escherichia coli 0157:H7 EDL933]
gi]26341928 unnamed protein product [Mus musculus

gi]26326891 unnemed protein product [Mus musculus

gi]16130780 predicrted oxidoreductase, Fe-35 subunit [Escherichia coli E12]

Probability Based Mowse Score

Tons score 15 - 10*Log(P), where P 15 the probability that the observed match 15 a random event
Individual ions scores > 29 indicate peptides with significant homology.

Indiwidual tons scores = 31 mdicate identity or extensive homology (p<0.05).

Protein scores are dertved from tons scores as a non-probabiistic basis for ranking protein hits.

Number of Hits

T wI—r—ﬂ
20 30

Probability Based Mowse Score

Protein View

Match to: gi|1351954 Score: 33
Beta-2-glycoprotein 1 precursor {(Beta-2-glycoprotein I} {(Apolipoprotein H} {(Apo-H) (B2GPI)
Found in search of DATA.TET

Nominal mass (M ): 34316; Calculated pl values: 8.59

NCEI BLAST search of gi]l351354 against nr
Tnformatted sequence string for pasting into other applications

Taxonomy: BEattus norvegicus
Links to retriewe other entries containing this sequence from NCEI Entrez:
gi| 57525 from Battus rattus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of EERE unless next residue is P
SJequence Coverage: 4%

Matched peptides shown in Bold Red

1 MISPALIFFI AFLCHWAIAG REREMWPINTLE CTPEVCPFAG ILENGWWRYT
51 TFEYPNTIGF ACNPGYYLIG T3I3SKCTEEG EWIPELPVCA RITCFPFRPIF
101 KFALALEEYET SVGNISFYQD TWVFECLPHF AMFGNDTVTC TAHGHNWTOLE
151 ECREVECFPFP SRPDNGFVNT PAKPVLSYED EAVFGCHETY ELDGPEEVEC
201 TETGNWSALP SCEAICELSWV EELTVLYQGQ RVEIQDQFEN GMMHGDEVHF
251 VCENEEEKCS YTEEAQCIDG TIEIPECFEE H3ISLAFWETD ASDVTPC
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MATRIX
{iivert Mascot Search Results

User : katie

Email H

Search title : datahase search

Databhase : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus {39483 sequences)

Time st amp : 26 Dec 2008 at 05:39:02 GMT

Top Score : 145 for gi|9506391, apolipoprotein M [Rattus norvegicus]

Probability Based Mowse Score

Protein score 15 -10%Log(F), where P is the probabiity that the observed match iz a random event.
Protein scores greater than 58 are significant (p<0.037.

Number of Hits

T
hR) 150
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | |Conciss Protsin Summary v | Help
Significance threshold p< |0.05 ez number of hits |20

Fe-Search all | Search Unmatched |
1. gi|9506391 Mass: 21541 Score: 145 Expect: 1.2Ze-010 Queries matched: 10

apolipoprotein M [Rattus norvegicus]
Protein View

Match to: gi|9506391 Score: 145 Expect: 1.2e-010
apolipoprotein M [Rattus norvegicus]

Nominal mass (M) : 21841; Calculated pl value: 5.73

NCEI BLAST search of gi|95063591 against nr
Tnformactted sSequence string for pasting into other applications

Taxonomy: Rattus horvegicus

Links to retrieve other entries containing this sequence from NCEI Entrez:
gi] 19856159 from Battus norvegicus

gi| 665835949 from RBattus norvegicus

gi|46237618 from Battus norvegicus

gi]| 59808177 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass wvalues searched: 14

HNutnber of wass wvaluess matched: 10

Seqguence Coverage: 36%

Matched peptides shown in Bold Red
1 MFHOWWAALL YLYGLLFNSM NQCPEHSOQOLM TLGHMDDEETP EPHLGLWYFI
51 AGRAPTMEEL ATFDOVDNWNIV FHMNMALAGSAPR QLOLRATIRT EHGVCVPREW

101 TYHLTEGEGH TELRTEGRPD METDLFSISC PGGIMNLEETG QGYQRFLLYH
151 ESPHPFPEECY EEFQSLTSCL DFEAFLVTPR MNOEACPLISE
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MATRIX y
lscivers Mascot Search Results

User : katie

Email :

Search title : database search

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus {39483 =equences)

Timestamp : 26 Dec 2008 at 04:50:37 GMT

Top Score : 75 for gi|l12621076, coagulation factor 2 [Rattus norvegicus]

Probability Based Mowse Score

Protein score 15 - 10*Log(F), where P is the probabiity that the observed match iz a random event.
Protein scores greater than 58 are significant (p<0.05),

Mumber of Hits

T T T T T F_|
50 Fis]
Probahility Based Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Protein Surmary | Help
Significance threshold p= |0.05 Mz, number of hits [20

Fe-Search All | Search Unmatched |
1. gilla2621076 Mass: 71792 Score: 75 Expect: 0.0012 Queries matched: 11

coagulation factor 2 [Rattus norvegicus]
Protein View

Matech to: gi]|12621076 Score: 15 Expect: 0.0012
coagulation factor 2 [Rattus norvegicus]

MNowinal mass (M ): 71792; Calculated pl value: 6.28

NCEI BLAST zearch of gi|liZ62107Y6 against nr

Unformatted sequence string for pasting into other applications

Links to retriewve other entries containing this seguence from MNCEI Entrez:
gi| 135808 from BEattus norvegicus

gi| 56970 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variahle modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term Side of KR unless next residue iz P
MNunber of wass wvalues sSearched: 22

Munber of mass values matched: 11

Sequence Coverage: 17%

Matched peptides shown in Bold Red

1 MLEVRGLGLP GCLALALALLE LVHIOQOHVFLA POOAL3LLOQR WRRAN3IGFLE
51 ELREGNLERE CVEEQCSYTEE AFEALLESPQD TDVFWAEYTY CDEVEEPRET
101 FMDCLEGRCA MDLGLNYTHGN VSVTHTGIEC CLWRIRYPHE FDINZTTHPG
151 ADLEENFCEREN PDSSTSGPWC YTTDPTVRRE ECSIPVCGQE GRTTWVEMTPR
201 SRGIEENLSFP PLGECLLERG RLTQGNLAVT TLGSPCLAWD SLFTETLSEY
251 QWNFDPEVELY QNFCRENFPDRD EEGAWCFVAQ QPGFEYCILN YCDEAVGEEN
301 HDGDEZIAGR TTDAEFHTFF DERTFGLGEL DCGLEPLFEE ESLTLDETEEKE
351 LLD3YIDGRI VEGWDAEEGI APWOQVMLFEE SPQELLCGAS LISDEWVLTA
401 AHCILYPFWD ENFTENDLLY RIGEHZRTEY ERNVEEIZML EEIYIHFREYH
451 WREHLDREDIL LLELEKPVPF IDYIHPVCLP DEQTVTILLQ AGYEGREVTGW
501 GNLEETWTTH INEIQPSVL(] VWHLPIVERP WCEAITRIRI TDNMFCALGFE
551 VNDTERGDALC EGDIGGPFVH ESPYINHFEWY(Q MGIVSWGEGC DRNGEYGEYT
601 HVYFRLEFWMD EVIDQHR
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MATRIX
[&ivers Mascot Search Results

User : katie

Email H

Search title : datahase search

Databhase : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus {39483 sequences)

Timest amp : 17 Dec 2008 at 03:45:38 GMT

Top Score

139 for gi|554423, complement component (3

Probability Based Mowse Score

Protein score is -10%¥Log(P), where P is the probability that the observed match iz a random event.

Protein scores greater than 58 are significant (p<=0.057.

“
)
=
o 154
-]
[
[
=
ERUE
=
5_
0 T ———
fae] 100 150

Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Protein Summary v | Help

Significance threshold p= |0.05 Maz number of hits |20

Fie-Search All | Search Unmatched |
1. oi| 5544235 Mass: 32414 Score: 139 Expect: Se-010 Queries matched:

complement component C3
oi| 3393024 Mass: 157525 Score: 69 Expect: 0.0053
complement component 3 [REattus norvegicus]

Protein View

Match to: gi]554423 Score: 139 Expect: Se-010
complement component C3

Nowinal mass (M) : 32414; Calculated pl wvalue: 5.73
NCEI BLAST search of gi|554423 against nr
Tnformatted sequence string for pasting into other applications

Taxonowy: BEattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleawvage by Trypsin: cuts C-term side of KR unless next residue is P
Number of wass values searched: 19

Number of wass values matched: 11

Segquence Coverage: 39%

Matched peptides shown in Bold Red

1 PGSLLESEET KONEGF3LTAL EGEGQGTLSY VIVYHAERVEG KTTCEEFDLE
51 VTIKFAPETAL EEFPQDAESSM ILDICTRYLG DVDATHMSILD ISMMTGFIFD
101 TNDLELL33G VDREYISEYEM DEAFSNEHTL IIYLEKISHS EEDCLSFEVH
151 QFFHV¥GLIQP GSVEVYSYYN LEESCTRFYH PEEDDGHMLSE LCHHEMCRCA
201 EEHCFMHQS() DQVSLWERLD EALCEPGVDYYV YETELTTIEL SDDFDEYIMT
251 IEQVIESGSD EVQAGQERRF ISHVECENLL K
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Queries matched:

11
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MATRIX f
lscmvers Vlascot Search Results

User : katie

Email

Search title : database search

M5 data file : DATA.TXET

Datahase : HCBInr 20070216 (4626804 sequences:
T axonomy : Rattus {39483 segquences)

Time st amp : 17 Dec 2008 at 03:53:00 GMT

Protein hits : ogi] 554423 comp lement component C3

gi]16131124 serine endoprotease,

1596079197 residues)

periplasmic [Escherichia coli K1Z2]

gi|15803093 ribonuclease III [Escherichia coli O157:H7 EDL933]
gi|16129553 predicted DNA-binding transcriptional regulator [Escher
gi|l09480979 PREDICTED: similar to =lit homolog 1 [Rattus norvegicus]
gi|109475443 PREDICTED: similar to microfilament and actin f£ilament

gi|109464341 PEELICTED: similar to GTP-binding protein ARD-1
gi|l09508663 PREDICTED:
gi|109487537 PREDICTED:
gi|109503443 PEEDICTED:

Probability Based Mowse Score

Tons score 15 - 10%LogiP), where P iz the probability that the observed match 15 a random event.
Individual ions scores = 34 indicate identity or extensive homology (p=0.03),
Protemn scores are denved from ions scores as a non-probabiistic basis for ranking protein hits.

Numbet of Hits

S

T
0

a0

Probability Bazed Mowse Score

Protein View

Match to: gi] 554423 Score: 75
complement component C3
Found in search of DATA.TXT

Hominal mass (M ): 32414; Calculated pl wvalue: 5.73

MCEI BLAST search of gi| 554423 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Fixed modifications: Carbamidometchyl (<)
Variabhle modifications: Oxidatcion (M)

Cleavage by Trypsin: cuts C-t
S3equence Coverage: 3%

erm side of KR unless

Matched peptides shown in Bold Red

1 PGILLREIEET KQNEGFSLTL
51 VTIEPAPETL KEPQDALKSSM
101 THWDLELL3SG VDRYISEYEN
151 QFFNVGLIQF GEVEVYITIN
201 EENCFMHOQSQ DOVSLNERLD
251 IEQVIESGSD EVQAGQERRF

KGEGQGTLEV WIVTHLEVEG
ILDICTRYLG DWDATHIILD
DELFSNENTL IIYTLEEISHS
LEESCTRFYH PEEDDGHLSE
KACEPGVDTV TETELTTIEL
ISHVECENAL K
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next residue is P

ETTCEEFDLER
ISMMTGFIPD
EEDCLSFEVH
LCHNEMCRCA
SDDFDEYIMNT

[ADP-ril

hypothetical protein isoform 1 [Rattus norver
2imilar to ankyrin repeat and MNYND domain ool
similar to deleted in liwver cancer 1 isoform



C-reactive protein
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{icivert Mascot Search Results

User : katie

Email H

Search title : datahase search

Database : HCBInr 20070216 (4626804 segquences; 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Time =t amp : 26 Dec 2008 at 05:21:48 GMT

Top Score : 97 for gi|8393197, C-reactive protein, petaxin related [Rattus norvegicus]

Probability Based Mowse Score

Protein score is -10%¥Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 58 are significant (p=0.03).

Number of Hits

T T T T T T T T T T Il_|_|
50 75 106
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Protein Summary | Help

Significance threshold p= [0.05 Mazx number of hits |20

Fe-Search All | Search Unmatched |
1. gi|8393197 Mass: 25737 Score: 97 Expect: 5.4e-006 Queries matched: 7

C-reactive protein, petaxin related [Rattus norvegicus]
Protein View

Match to: gi]|8393197 Score: 97 Expect: 8.4e-006
C-reactive protein, petaxin related [Rattus norvegicus]

Nominal mass (M ): 25737, Calculated pl value: 4.89

NCEI BLAST search of gi|S53593157 against nr
Tnformatted secquence string for pasting into other applications

Taxonowy: Battus norvegicus

Links to retriewve other entries containing this sequence from NCEI Entrez:
i 13455834 from RBattus norvegicus

gi] 203592 from Battus norvegicus

gi| 805520595 from Rattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by TrypsSin: cuts C-tertn sicde of KR unless next residus i=s P
MNumber of mass wvalues searched: 19

Nurber of mass walues matched: 7

Seqguence Coverage: 41%

Matched peptides shown in Bold Red

1 MEELLWCLLI TISF3IQAFGH EDMIKQAFVE PGVWSATAYVS LEAESEKFLE
51 AFTVCLYAHA DWSRSFSIFS YATKTSFHEI LLFWTRGOQGF SIAVGGREIL
101 F3ASEIPEVP THICATWEZL TGIVELWLDG EPEVREISLQE GYIVGTMASI
151 ILGQEQDSYG GGFDANQSLY GDIGDVNMWD FVLSFEQINL WYVGEVESPH
201 VLHWRALEYE THGDVFIKF(] LWPLTDCCES
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Fetuin beta
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lscvert Mascot Search Results

User : katie

Email H

Search title : database search

Database : HCBInr 20070216 (4626804 =sequences;: 1596079197 residues)
T axoTnomy : Rattus (39483 =eyquences)

Time st amp : 26 Dec 2008 at 04:55:41 GMT

Top Score : 114 for gi|17865327, fetuin beta [Rattus norvegicus]

Probability Based Mowse Score

Protein score is - 10*Log(P), where P iz the probability that the observed match is a randotn event.
Protein scores greater than 58 are significant (p=<0.05).

4]
|

Mumber of Hits

T T T T T T
=] Gl Liny 120

Probability Bazed Mowse Score

Concise Protein Summary Report

FormatAs | | Concise Protein Summary v | Help
Significance threshold p< |0.05 Mazx. number of hits |20

Fe-Search Al | Search Unmatched |
1. gi|17865327 Mass: 42361 Score: 114 Expect: 1.6e-007 Queries matched: 2

fetuin heta [Rattus norvegicus]
gi|47682636 HMass: 44054 Score: 113 Expect: Ze-007 Queries matched: 2
Fetubh protein [RBattus norvegicus]

Protein View

Match to: gi|17865327 Score: 114 Expect: 1.6e-007
fetuin beta [Rattus norvegicus]

Hominal mass (M ): 42361; Calculated pl wvalue: 6.71

NCEBEI BLA3ST search of gi|l1WE65327 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Links to retrieve other entries containing this sequence from NCEI Entrez:
gi]111531967 from RBattus norvegicus

gi| 6562549 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Warisble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of ER unless next residue is P
MNunber of mass values searched: 12

Murber of mwass values mwatched: 9

Sequence Coverage: 17%

Matched peptides shown in Bold Red

1 MGVLELLVLC TLAACCWARS FPAPPLFNAF FAPLEFLGCN DSEVLAVALGF
51 ALQNIMEVQE DGYMLTLHEY HDARVHRQED MGILFYLTLD VLETGCHVLI
101 REALEDCGPR IFYETVHGQC EAMFHVHEPR EVLYLPAYHMC TLRPVSERKI
151 HZMCPDCFHP VDLSAPSWVLE AATESLAKFN SENPSKQYAL VEVTEATTOQW
201 VWGPSYFVEY LIKESPCTOS QD3ICSLOAZD SEPVGLCQGS LIKSPGWEFRQD
251 RFEETVTV3C EFFE3QDOVE GGENFPADTOD AEKELPOQENTL PT3ISPSITAP
301 RG3IIQHLPEQ EEPEDSEGES PEEPFFVOLD LTTNPQGDTL DVIFLYLEPE
351 EFFLYVLPFP GEE(QRSFECF GPEEQRTP
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Haptoglobin
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MATRIX
lscmvert Vascot Search Results

User : katie

Email H

Search title : database search

Database : HCEInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus {39483 sequences)

Times=st amp : 17 Dec 2008 at 04:02:11 GMT

Top Score : 122 for gi|60097941, haptoglobin [Rattus norvegicus]

Probability Based Mowse Score

Protein score is - 10%Log(P), where P i3 the probability that the observed match 15 a random event.
Proteimn scores greater than 58 are significant (p<0.03).

10+

Humber of Hits

T T T T T T T
el el 100 120
Probability Bazed Mowse Score

Concise Protein Summary Report

Format As |Concise Protain Summaryj Help
Significance threshold p< |0.05 Maz number of hits |20

Fe-Search All | Search Linmatched |
1. ogi| 0097941 Mass: 39052 Score: 122 Expect: 2.52-008 Queries matched:

haptoglobin [Rattus norvegicus]

Protein View

Match to: gi|60097941 Score: 122 Expect: 2.5e-008
haptoglobin [Rattus norvegicus]

Nominal mass (M j: 39052; Calculated pl value: 6.10
MNCEI ELALST search of gil| 60097541 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: BEattus norvegicus

Links to retriewve other entries containing this sequence from NCEI Entrez:
gi| 124053462 from Rattus norvegicus

gi| 58805152 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Varisble modifications: Oxidation (M

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Nunber of mass values searched: 22

Number of mass values matched: 11

Sequence Coverage: 27%

Matched peptides shown in Bold Red

1 MRALGAVVTL LLWGQLFAVE LGNDATDIED DICPKPPEIL NGYWVEHLVEY
51 RCRQFYELQT EGDGIYTLNS EKQUVNFPAAG DELPECEAVC GEPEHPVDOWV
101 QRIIGGINDA EGSFPWQAKM ISEHGLTTGA TLISDOWLLT TAOMNLFLNHZ
151 ENATAFDIAP TLTLYVGEH() LVEIEEVVLH PERSWVDIGL IEKLEQEVLVT
201 EEVMPICLPS EDYVAPGRMG YVSGWGRNVN FRFTERLEYW MLPVADQEKC
251 ELHYEKZTVFP EFEGAVSPVG VQPILHEHTF CAGLTEYEED TCYGDAGIAF
301 AVHDTEEDTW YALGILAFDE SCAVAEYGVY VRATDLEDWY QETMAEN
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Seivers Mascot Search Results

User

Email
Search title
M5 data file
Datahase

T axonomy
Timest amp
Protein hits

katie

datahase se
DATA.TXT

arch

HCBInr 20070216 (4626804 sequences; 1596079197 residues)

Rattus {394
17 Dec 2008
gi|204655

83 segquences)
at 04:05:26 GMT
haptoglobin (Hp)

gi|109488177 PREDICTED: similar to zine finger protein 21 isoform 1 [Re

gi|16131445

gi| 62652280
gi|lel2477
gi|20302105

gi|109504605 PREDICTED:

predicted DNA-binding transcriptional repressor [Escherict
gi|l09496224 PREDICTED: similar to putative pheromone receptor (Go-VIN4)
gi|10948§7708 PREDICTED: similar to CTP synthase (UTP--ammonia ligase)]
PREDICTED: similar to NGFI-A-binding protein 2 (EGR-1-binc
short chain dehydrogenase [Escherichia coli K1Z]

a disintegrin and metallopeptidase domain 6 [Rattus norvec
gi|109489297F PREDICTED: similar to ATP-binding cassette, sub-family &L 1

Probability Based Mowse Score

similar to Zinc finger CCHC domain-containing p

Ions score 15 - 10*Log(P), where P is the probabdity that the observed match iz a random event.
Individual ions scores > 32 indicate peptides with significant homology.

Individual ions scores > 33 indicate identity or extensive homology (p=0.03).

Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits.

o
|

Humber of Hits

Protein View

L

T T
it} 75

Probabhility Based Mowse Score

Match to: gi|60097941 Zcore:
haptoglobin [Rattus norvegicus]
Found in search of DATAL.TXT

Nominal mass (M ): 39052; Calculated pl wvalue: 6.10

70

NCEI BLAST search of gi| 60037Y5941 against nr
Unformatted sequence string for pasting into other applications

Taxonowy: Fattus norvegicus
Links to retriewve other entries containing this sequence from NCEI Entrez:
gi| 124053462 from Rattus norvegicus

gi| 5958058182 from Rattus norvegicus

Fixed modifications:
Variable modifications:
Clesvage by Trypsin:

SJequence CoOvVerage

3%

Carbamidomethyl (<)
Oxidation (M)
cuts C-term side of ER unless

Matched peptides shown in Bold Red

1 MEALGAVVTL
51 RCROFYELQT
101 CQRIIGGSMDA
151 ENATAFDIAP
201 EEVMPICLPS
251 ELHYEEITVFE
301 AVHDTEEDTW

LLWGQLFAVE
EGDGIY¥TLNG
EGEFPWOLEN
TLTLYWGENQ
EDYTVAPGREMG
EEEGAVIFVG
TALAGILSFDE

LGNDATDIED D3CPEFPEIL
EEQUVNPALG DELPECELVC
ISRHGLTTGA TLISDQWLLT
LVEIEEVVLH PERSVVDIGL
TWAGWSENVI FRFTERLEYV
VOQPILNEHTF CAGLTEYEED
SCAVAEYGVY VRATDLEDW
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next residues is P

NGTVEHLVRY
GEPEHPVDOV
TAQMNLFLNHS
IELEQEVLVT
HLPVADQEKC
TCYGDAGIAF
QETHAEN



Hemopexin precursor
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lsciivers Mascot Search Results

User : Katie

Email :

Search title : database search

Database : HCBEInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus (39483 sequences)

Timest amp : 29 Oct 2008 at 02:32:13 GMT

Top Score : 151 for gi|122065203, HemopexXin precursor

Probability Based Mowse Score

Protein score 15 -10%Log(F), where P is the probability that the observed match is a random event.
Protein scores greater than 58 are significant (p<0.05).

MNumber of Hits

T T T T T F_|
100 150
Prohability Based Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Protein Summary «| Help

Significance threshold p= [0.05 Mazz mumber of hits |20
Re-Search All | Search Unmatched |

1. gi|122065203 Mass: 52060 Score: 151 Expect: 3.1e-011 Queries matched:

Hemopexin precursor

gi|16758014 Mass: 52000 Score: 135 Expect: 1.2e-009 Queries matched:
hemopexin [Rattus norvegicus]

Protein View

Match to: gil122065203 Score: 151 Expect: 3.1le-011
Hemopexin precursor

MNominal mass (M ): 52060; Calculated pl wvalue: 7.58

MCBI BLAST search of gil|l28065203 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Rattus norvegicus
Links to retriewe other entries containing this sequence from NCEI Entrez:
gi| 60655311 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable wodifications: Oxidation (M)

Cleawvage by Trypsin: cuts C-term side of KR unless next residues i=s P
Number of mass wvalues searched: 31

Nunber of mass values matched: 14

Sequence Coverage: 28%

Matched peptides shown in Bold Red

1 MARTVVALNI LVLLGLCWSL AVANPLPALAH ETVAKGENGT KPDSDVIEHC

51 ZDAWSFDATT MDHNGTHMLFF EGEFVWRGHS GIRELIZERW EHPVTSVDAL
101 FRGPDSVFLI EKEDEVWVYFPF EEKEENGYFPKL FOEEFPFGIFY FPDAAVECHR
151 GECQSEGVLF FQGHREWEWD FATRTQEERS WPAVGNCTALL LEWLERYYCF
201 OGNEFLEFHP YTGEVPPRYF LDARDYFISC PGRGHGELEN GTAHGHNITHP
251 MHSRCHADPG LSALLSDHRG ATYAFSGSHY WRLDISRLGW HIWPILHHWP
301 QGPIAVDLAF SWDEEVYLIQ GTQVYWVFLTE GGNNLVIGYP KRLEEELGIP
351 PGISLDTIDA AFSCPGISKL YVTIGRRLWW LDLEZGLQAT WAELSWPHEE
401 VDGALCLEKZ LGPYIC3S5NG PNLFFIHGPN LYCYISIDEL NAAKSLPOQPOQ
451 EVNIILGCIQ
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MATRIX

et Mascot Search Results

User : Katie

Email :

Search title : database search

MS data file : DATA.TXET

Database : HCEInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Timestamp : 29 Oct 2008 at 02:40:51 GMT

Protein hits : gi|16758014 hewopexin [Rattus norvegicus]
gi]|62656231 PREDICTED: similar to Heparan sulfate glucosamine 3-0-sulfot
gi| 396270 heat shock protein 70 [Rattus norwvegicus]

gi|1l09505027
yi|109510084
gi|16758760
gi|86129582
gi|8170816
gi|206515
gil|109463105

Probability Based Mowse Score

Tons score 15 -10¥Log(P), where P is the

PREDICTED: similar to Zinc finger protein GLIS [Rattus norve
PREDICTED: hypothetical protein [Rattus norwvegicus]

mitogen activated protein kinase kinase kinase 1 [Rattus nor
zine finger, DHHC domain containing 14 [Rattus norvegicus]
integrin beta 5 subunit [Rattus sp.]

quinone reductase (EC 1.6.99.2)

PREDICTED: =imilar to gamma-stninobutyric acid (GABL-EB) recep

probability that the observed match is a random event.

Individual 1ons scores = 31 mdicate identity or extensive homology (p<0.05).
Protein scores are denved from ions scores as a non-probabiistic basts for ranking protein hits.

Mumber of Hits

10 20 30
Probak

Protein View

Match to: gille?758014 Score:
hemopexin [Rattus norvegicus]
Found in search of DATA.TET

T T
40 50
ility Bazed Mowse Score

53

HNominal mwass (M ): 52000; Calculated pI wvalue: 7.58

NCEI BLAST search of gi|l6758014 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Links to retrieve other entries containing this secquence frowm NCEI Entrez:
gi| 204621 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)
Variable modifications: Oxidation (M)
Cleavage by Trypsin: cuts C-term side of ER unless next residus iz P

SJequence Coverage: 2%

Matched peptides shown in Bold Red

1 MARTVVALNI LYVLLGLCW3L
51 SDAWSFDATT MDHMGTHLFF
101 FRGPDIVFLI EEDEWVWVYFP
151 GECQISEGVLF FQGNREWFWD
201 OGNEFLEFHP VTGEWPPRYP
251 MHSRCMADPG L3IALLIDHRG
301 QGP3IAVDALF SWDEEVYLIQ
351 PGISLDTIDA AF3ICPGISEL
401 VDGALCLEES LGPYSCSING
451 EVNIILGCSQ

AVANFLPALH ETVAKGENGT KPDIDVIEHC
KGEFVURGHS GIRELISERW ENPVTSVDAL
EEEENGYPEL FOQEEIPGIFY PPDAAVECHR
FATRTQEERS WPAVGNCTAAL LRULERYYCF
LDARDYFISC PGRGHGELEN GTAHGNITHFR
ATYAFSGSHY WELD3SRDGW HIWPLAHHWE
GTOVYVFLTE GGNNLVIGYP KRLEKELGEP
TVTSGRELWY LDLEIGAQAT WAELIWPHEE
PNLFFIHGPN LYCYISIDEL NAAKSLPOPQ
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Plasma glutathione peroxidase
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MATRIX /
lscimers Mascot Search Results

User i katie

Email :

Search title : database search

Database : HCEInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Time st amp : 26 Dec 2008 at 05:33:46 GMT

Top Score : 88 for gi|6723180, plasma glutathione peroxidase precursor [Rattus norveyg

Probability Based Mowse Score

Protein score 13 - 10¥Log(F), where P is the probability that the observed match is a random event.
Protein scores greater than 58 are significant (p<0.05).

Humber of Hits

50 w0

Probability Based Mowse Score

Concise Protein Summary Report

Format As |Concise Protein Summaryj Help

Significance threshold p= |0.05 Max. number of hits [20

Fe-Search All | Search Unmatched |
1. gi| 6723180 Mass: 25653 Score: 838 Expect: 6.6e-005 Queries matched: §

plasma glutathione peroxidase precursor [Rattus norvegicus]
Protein View

Match to: gi]|6723180 Score: 88 Expect: 6.6e-005
plasma glutathione peroxidase precursor [Rattus norvegicus]

Nowinal mass (M ): 256533 Calculated pl walues: 8.26

NCEI BLA3T search of gi| 67231580 against nr
Tnformatted sequence string for pasting into other applications

Taxonomwy: Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variabhle modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-terwm side of ER unless next residue is P
Nakber of mass wvalues searched: 14

Number of mass walues watched: 8§

Sequence Coverage: 29%

Hatched peptides shown in Bold Red

1 NSRILRASCL L3LLLAGFVF PGRGQEESKET DCHGGMIGTI YEYGALTIDG
51 EEYIPFEQYA GEYILFVNVA IYUGLTDQYL ELMALQEELG PFGLVILGFP
101 CHQFGEQEFPG ENIEILP3LE YVRPGGGEVE HEQLFEKGDV NGEKEQEEYT
151 FLEHSCPPTA ELLGSPGRLF WEPHEIHDIR WWFEFFLVGP DGIPIMRWYH
201 RTTVSHNVEMD ILSYMRRQAA LGARGK
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Retinol-binding protein
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MS/MS spectra of retinol-binding protein 1227.393 peptides (top) and 2080.014 peptides (bottom).




MATRIX 1
Sinvers Vlascot Search Results

User : katie

Email H

Search title : datahase search

MS data file : DATA.TET

Database : HCBInr 20070216 (46268304 sequences; 1596079197 residues)

T axonomy : Rattus (39483 segquences)

Time st amp : 17 Dec 2008 at O04:16:40 GMT

Protein hits pogi]|132407 Flasma retinol-bhinding protein precursor (PREF) [(REP)
gi]203014 nonerythroid alpha-spectrin

gi]75905479
gi|62078635
gil1705855
giJl109475883
gi|62652886
gi]25282449
gill109468356
gi]109496648

Probability Based Mowse Score

Tons score 15 -10%Log(P), where P 15 the

aldehyde dehydrogenase family 9, subfamily L1 [Rattus nor
hypothetical protein LOC300663 [Rattus norvegicus]
Voltage-dependent N-type calciwn channel subunit alpha-1E
PEEDICTED: similar to tumor necrosis factor receptor sSupe
PEEDICTED: similar to tRNA (S-methylaminomethyl-Z-thiouri
high densitcy lipoprotein binding protein [Rattus norvegic
PREDICTED: =imilar to cerasmide kinase-like isoform a [Rat
PEEDICTED: similar to caspase recruitwent dowmain family,

probability that the observed match 15 a random event.

Indiridual ions scores > 28 indicate peptides with significant homology.
Individual ions scores = 34 indicate identity or extensive homeology (p=0.03).
Protein scores are detived from ions scores as a non-probabilistic basis for ranking protein hits.

Number of Hits

T
20 30

4} it}

Probability Based Mowse Score

Protein View

Match to: gi|132407 3Score: 46
Plasma retinol-binding protein
Found in search of DATAL.TET

precursor {(PRBP) (REFP)

Nominal mass (M) : 23547; Calculated pl walue: 5.69

NCEI BLAST search of gi| 132407

against nr

Informatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Links to retrieve other entries containing this sequence from NCEI Entresz:
gi| 206585 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)
Variahle modifications: Oxidation (M)
Cleavage by Trypsin: cuts C-term side of ER unless next residue is P

Sequence Coverage: 4%

Matched peptides shown in Bold

Red

1 MEWVWALVLL AALGGGIAER DCRVISFRVE ENFDEARFSG LUYALIAKKDP
51 EGLFLOQDNII AEF3VDEEGH M3IATAEGREVR LLSNWEVCAD MVGTFTDTED
101 PAKFEMEYWG WASFLQRGND DHWIIDTDYD TFALOYSCRL CQNLDGTCADS
151 Y3FVFSRDPN GLTPETRELY RORQEELCLE ROYRWIEHNG YCOSRPIRNG

201 L
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MATRIX

Scivers Wlascot Search Results

User

Email
Search title
MS data file
Databhase

T axonomy
Timestamp

katie

database search

DATA . TXT

HCBIny 20070216 (4626804 sequences;
Rattus {39483 seguences)

17 Dec 2008 at 04:18:56 GMT

1596079197 residues)

Protein hits gi|132407

gi|109497663
gi| 75195093
gi| 3122037

gi|57164117
gi| 89107043
gi| 25262431

gi|112984212

Plasma retinol-binding protein precursor
PREDICTED:
COG1944:
Dihydropyrimidinase-related protein 4

{PREF) (REP)
similar to pleckstrin homology domain contai
Uncharacterized conserved protein [Escherichia
{DEP-4] (Collapsi
apolipoprotein N [Rattus norvegicus]

INi-binding transcriptionsl regulstor [Escherichis coli
ELL associated factor 2 [Rattus norvegicus]

hypothetical protein LOC503165 [Rattus norvegicus]

gi| 24308494 zinc finger protein 14 (KOX §) [Rattus norvegicus]

Probability Based Mowse Score

Tons score is - 10*Log(F), where P is the probability that the observed match iz a random event.
Individual 1ons scores > 27 mdicate peptides with sigmificant homology.

Indradual ions scores = 31 indicate identity or extensive homolagy (p<0.03).

Protein scores are denved from 1ons scores as a non-probabilistic basis for ranking proteimn hits.

Number of Hits
o

T T T T T T T T T T T
28 el 75 100
Probability Based Mowse Score

MATRIX p
lstiners Mascot Search Results

Protein View

Match to: gi|132407 Score: 92
Plasma retinol-binding protein precursor {(PREP}
Found in search of DATA.TET

(RBP)

Nominal mass (M_): 23547; Calculated pI value: 5.69
NCBI BLAST search of gi|l32407 against nr

Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus
Links to retriewve other entries containing this sequence from NCEI Entresz:
gi| 206585 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Clearvage by Trypsin: cuts C-term side of KR unless
Sequence Coverage: 8%

next residue is P

Matched peptides shown in Bold Red

1 MEWWWALVLL AALGGGZAER DCRVSIFEVE ENFDEARFIG

51 EGLFLQDNII AEFSVDEEGH M2ATAKGEVE LLSNWEWCAD
101 PARKFEMEYWG VAIFLOQRGND DHWIIDTDYD TFALQYICRL
151 ¥SFVFSRDFN GLTPETRELYV RORQEELCLE RQYRWIEHNG
201 L
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LWYAILKEDP
MV GTFTDTED
QHLDGTCADS
TCQERP3RNS



MATRIX F
Seiver? Mascot Search Results

User : katie

Email

Search title : database search

MS data file : DATA.TXT

Database : HCEInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus (39483 segquences})

Timest amp : 17 Dec 2008 at D04:23:06 GMT

Protein hits 1 ogili32407 Flasma retinol-binding protein precursor (PREP) (REP)
gil203014 nonerythroid alpha-spectrin

gi|75905479 aldehvyde dehvdrogenase family 9, subfamily L1 [Rattus nhorv
gi|62078635 hypothetical protein LOC300663 [Fattus norvegicus]
gi|109497883 PREDICTED: similar to pleckstrin homology domain containin
gil1705855 Voltage-dependent N-type caleium channel subunit alpha-1B
gi|109475883 PREDICTED: similar to tumor necrosis factor receptor Super
gi|75195093 COG1944;: Tncharacterized conserved protein [Escherichia co
yi|62652886 PREDICTED: zimilar to tRENA (S-wethylawminomethyl-Z2-thiourid
gi|3122037 Dihydropyrimidinase-related protein 4 (DRP-4) (Collapsin r
gi|25282449 high density lipoprotein binding protein [Rattus norvegicu
gi]| 57164117 apolipoprotein N [Rattus norvegicus]

gi|89107043 DNA-binding transcriptional regulator [Escherichia coli W3
gi|l09468356 PREDICTED: similar to ceramide Kinase-like isoform a [Ratt
gi|25282431 ELL associated factor 2 [Rattuz norvegicus]

gi]112984212 hypothetical protein LOCS03165 [Fattus norvegicus]
gi|109496648 PREDICTED: similar to caspasSe recrulitment domain family, m
yi|24308494 =zine finger protein 14 (KOX 6) [Rattus norvegicus]

Probability Based Mowse Score

Tons score is -10*Log(F), where P is the probability that the observed match is a random event.
Individual ions scores » 30 indicate identity or extensive homology (p<0.05).
Protein scores are dertved from ions scores as a non-probabilistic basts for ranking protein hits.

[y
o
|

Mumber of Hits
[
E=3
1

o L T T T T T T T T T T T
0 jale] 100 150
Probahility Bazed Mowse Score

Protein View

Matceh to: gi|132407 Score: 138
Plasma retinol-binding protein precursor {PRBP} (RBEP)
Found in search of DATA.TET

MNominal mass (M ): 23547; Calculated pI wvalue: 5.69
WNCEI BLAST search of gi|i132407 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus
Links to retriewve other entries containing this sequence from NCEI Entrez:

gi| 206585 from Rattus norvegicus

Fixed mwodifications: Carhamidomethyl (C)

Variable wodifications: Oxidation (M)

Cleswvage by Trypsin: cuts C-term =side of EE unless next residues iz P
Sequence Coverage: 13%

Matched peptides shown in Bold Red

1 MEWWWALVLL AALGGGIAER DCRVIZFREVE ENFDEARFEG LWYATAKEDP
51 EGLFLODNII AEFIVDEKGH M3IATAKGEVE LL3NWEVCAD MWGTFTDTED
101 PAEFEMEYWG WVASFLORGHND DHWIIDTDYD TFALOYICRL QHLDGTCADS
151 YSFVFSRDFN GLTPETRRELY ROQRQEELCLE ROYRWIEHNG YCQOIRFIRNI
201 L
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Transferrin
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MATRIX
liiineis Mascot Search Results

User : Yokibutt

Email H

Search title : datahase search

Database : HCBInr 20070216 (4626804 seguences;
T axonomy : Rattus {39483 sequences)

Timest amp : 29 0Oct 2008 at 03:49:03 GMT

Top Score : 207 for gi|61556986,

Probability Based Mowse Score

1596079197 residues)

transferrin [Rattus norvegicus]

Protein score s -10%¥Log(P), where P 13 the probability that the observed match is a random event
Protein scores greater than 58 are significant (p=0.03).

[ (R ]
E= S -1
Il Il ]

Number of Hits

.
o
L

104

T T T
120

a0 el
Probability Based Mowse Score

Concise Protein Summary Report

Format As |Concise Pratein Summaryj

Help

Significance threshold p= |0.05 Mex. numnber of hits |20

Re-Search All |

Search Unmatched |

gi] 61556986

gi| 1554476

Mass: 7851z Score:
transferrin [Rattus norvegicus]

Mass: 75535

Score: 168

transferrin [Rattus norvegicus]

Protein View

Match to: gi|6l556986 Score:
transferrin [Rattus norrvegicus]

Hominal mass (M ): 78512; Calculated pl value: 7.14

207 Expect:

207 Expect: 7.92-017 Queries matched:

7.9e-017

NCBI BLAST search of gi|©1556986 against nr
Tnformatted sequence string for pasting into other applications

Taxonomy: REattus norvegicus
Link=s to retrieve other entries containing this sequence from NCEI Entrez:

gi| 122066515 from Rattus norvegicus
gi| 331587764 from Rattus norvegicus

gi| 56540994 from FEattus norvegicus

Fixed modifications:
Varishle modifications:
Cleavage by Trypsin:

Carbamidomethyl
Oxidation (M)
cuts C-term side of KR unless

Nurbher of mass wvalues searched: 55
HNuwber of mass values matched: 25

Sequence Coversuge:

35%

Matched peptides shown in Bold Red

1 MRFAVGALLL
51 ADGPRLACVE
101 AEFYGSLEHP
151 IGLLFCHLPE
201 TOPFFGYWGA
251 REFVDQYEDC
301 FQLFGSPLGE
351 PEGSIDSAFV
401 NGEADAMSLD
451 AVVELSDIST
501 F3QGCAPGTE
551 FVEHQTVLEN
601 APHHVVWWSRE
651 BDDTECLTEL

CAALGLCLAW
KTSYQDCIKR
QTHYLAVAVV
PREPLEEAVA
FECLRDGGGD
YLARIPSHAWV
DLLFEDSAFG
KW CALSHOER
GGHAYTAGQC
NUNNLEGEES
FNSTLCDLCT
THGFNTLATA
EELARVITVL
PEGTTYEEYL

PDETVEWC AV
ISGGEADAIT
KKGTDFQLHQ
SFFEGSCVEC
VAFVKHTTIF
VARNGDGKED
LLRVEPPRNDY
AKCDEUSVSS
GLVPVMAENY
CHTGVDRTAG
GPLKCAPNNE
KDLEQEDF QL
TAQKDLF VKG
GAEYLQAVGH

[

SEHEWTECI3
LDGGIWVYDAG
LOGEESCHTG
ADPVAFPQLC
EVLPQEADRD
LIWEILEVAQ
RLYLGHSYVT
NGQIECESALE
DISSCTHNPQS
WHIFMGLLES
EGTHNGYTGALF
LCPDGTEERY
DEDCTGHF CL
IRECSTSRLL

148

Expect: 6.3e-013 Queries matched:

next residue is P

FRDHMETVLE
LTPHNLEFPVL
LGRSAGWIIP
QLCPGCGCSP
QYELLCLDHT
EHF GEGESED
ATRNOQREGYL
ATEDCIDEIV
DVFPEGYYAV
RIMHCEFDEF
QCLVEKGDVL
TEFATCHLAIL]
FRS3TEDLLF
EACTFHES

Z5

Z2



Vitamin-D binding protein

Intens - 1051.683
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PMEF of vitamin-D binding protein (top). MS/MS spectrum of its 1051.683 peptide (bottom).
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MATRIX
lscvers Mascot Search Results

User : Katie

Email :

Search title : datahase search

Datahase : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rodentia {Rodents) (149892 sequences)

Timestamp : 29 Oct 2008 at 04:29:58 GMT

Top Score : 91 for gi|203941, vwitamin D-binding protein precursor

Probability Based Mowse Score

Protein score is -10¥Log(F), whete P is the probability that the observed match is a random event.
Protein scores greater than 64 are significant (p=0.03).

o
1

Number of Hits

T T T lLﬁ
25 Sir 73

Probability Based Mowse Score
Concise Protein Summary Report

Format4s | |Concise Protein Summary « | Help

Significance thresheld p= [0.05 Iaz. mumber of hits [20

Fe-Search All | Search Unmatched |

1. gil|203941 Mass: 55079 Score: 91 Expect: 0.00013 Queries matched:
witamin D-binding protein precursor

Protein View

Match to: gi|203941 Score: 91 Expect: 0.00013
ritamin D-binding protein precursor

Mowinal wass (M ): 55079; Caleoulated pl wvalue: 5.76
NCBI BLAST search of gi|2035941 against nr
Tnformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Fixed modifications: Carbamidomethyl [(C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of ER unless next residues is P
Number of mass wvalues searched: 16

Number of mass wvalues matched: 8

Sequence Coverage: 24%

Matched peptides shown in Bold Bed

1 MERVLVLLLA LAFGHALERG RDYEKDEWC) ELSTLGEDDF RSLSLILYSR
51 KFPSSTFEQV SQLVEEVVSL TEECCAEGAD PHCYDTRTSE L3IKSCESDA
101 PFPVHPGT3E CCTEEGLERE LCMAALIHOP QOFPAYVEPT NDEICELFRE
151 DPEGFADQFL FEV3SNYGQL PLPLLVGYTE SYLSMVGICC TSAKPTVCFL
201 EKERLQMEQLS LLTTMSHRWVC 3QYAAYGEEE SRMSHLIELL QEVPTANLED
251 VLPLAEDLTE ILSRCCKESTS EDCHMARELPE HTLEICGNLI EFNSKFEECC
301 YETTPHGIFM C3YFMPTAEFP LQLPAIELPT SEDLCGQSAT (QAMDOYTFEL
351 SERTOVPEVF LSEVLDTTLE TLRECCDTOD SVICF3ITOQIP LMEROLTIFI
401 EKGQEMCADY SENTFTEYKE KLAERLETEM PNASPEELAD MVAKHIDFLZ
451 ECCIINSPPR YICSSQIDAEM RDILQS
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MATRIX y
{sciners Mascot Search Results

User : Katie

Email :

Search title : database search

HMS data file : DATA.TXT

Database : HCBEInr 20070216 (4626804 sequences;: 1596079197 residues)
T axonomy : Rattus (39483 sequences)

Timest amp : 29 Oct 2008 at 04:25:46 GMT

Protein hits Dogi|203927 vitamin D binding protein prepeptide

gi|89109544 hypothetical protein [Escherichia coli W3110]
gi|109483387 PREDICTED: similar to Casitas B-lineage lymphoma [Rattus
gi|47059110 DOM-3 homolog 2 [Rattus norvegicus]

gi|109477401 PREDICTED: similar to phosphatase and actin regulator 4 [
gi|15804175 phosphopantetheine adenylyvltransferase [Escherichia coli
gi]16129049 235 rBEML pseudouridylate synthase [Escherichia coli Elz]
gi|62664632 PREDICTED: similar to Coiled-coil domain-containing prote
gi|109463356 PREDICTED: hypothetical protein [Rattus norvegicus]
gi|117940025 RAD1S homolog [Rattus norvegicus]

Probability Based Mowse Score
Tons score 15 - 10%*Log(P), where P 15 the probabdlity that the observed match is a random event.

Indwidual ions scores = 23 indicate identity or extensive homology (p<0.03).
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits.

Number of Hits

T T T
25 30
Prohability Bazed Mowse Score

Protein View

Match to: gi|203941 Score: 30
vitamin D-bhinding protein precursor
Found in search of DATA.TET

Nominal mass (M ): 55079; Calculated pl wvalues: 5.76

NCEI BLA3T search of gil|Z035941 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Clegwvage by Trypsin: cuts C-terwn side of KR unless next residue is P
Segquence Coverage: 1%

Matched peptides shown in Bold Red

1 MERVLVLLLA LAFGHALERG RDYEEDEVCQ EL3TLGEDDF RSLELILYSR
51 KFPESTFEQY SQLVEEVVIL TEECCAEGALD PNCYDTRTSE LSIESCESDL
101 PFPVHPGTSE CCTEEGLERE LCHAALSHOP QOFPAYVEPT NDEICEAFRK
151 DPEGFADQFL FEYISNYGQA PLPLLVGYTE SYLSMVGICC TIAKPTVCFL
201 KERLOMEQLS LLTTM3NEVC SQYALYGEEE SRMIHLIKLL QEVPTALNLED
251 VLPLAEDLTE ILSRCCESTS EDCHMARELPE HTLEICGNLS KENIEFEECC
301 YETTPMGIFM CSYFMPTAEP LOLPAIELPT SEDLCGOIAT QAMDOYTFEL
351 SRRTOVPEVF LSEVLDTTLE TLRECCDTOQD IVSCFITOSP LMERCLTSFI
401 EEGQEMCADY SENTFTEYEE ELAERLRETEM FNASPEELAD MVAKHSDF LS
451 KCC3INSFPR YCS3IQIDAEM RDILOQS

*1t matches the protein identified by MS analysis in the previous page.
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Appendix Il - Details of the sequence coverage and peptide mass finger prints of proteins identified in Chapter 5

Albumin
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PMF of albumin (top). MS/MS spectrum of its 1609.732 peptide (bottom).
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litizve Mascot Search Results

User : Katie

Email H

Search title : database search

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus {39483 segquences)

Timest amp : 22 0Oct 2008 at 02:57:30 GMT

Top Score : 326 for gi|19705431, albumin [Rattus norvegicus]

Probability Based Mowse Score

Protemn score 15 -10*Log(P), where P is the probability that the observed match 15 a random event,
Protein scores greater than 58 are significant (p=0.05).

Humber of Hits

T T T T T T T T T
0 100 200 300
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | | Concise Protein Surmary » | Help
Significance threshold p= [0.05 Maz number of hits |20

Re-Search All | Search Unmatched |

1. gil19705431 Mass: 70670 Score: 326 Expect: 9.%=-02Z2 Queries matched: 23
albumin [Rattus norvegicus]
gill1z24028612 Mass: 70632 Score: 326 Expect: 9.9e-02Z9 Queries matched: 25

Serum albumin precursor

Protein View

Match to: gi|19705431 3Score: 326 Expect: 9.9e-029
albumin [Rattus norvegicus]

HNominal mass (M ): 70670 Calculated pl wvalue: 6.09

MNCBEI BLAST search of gil|19705431 against nr

Tnformatted segquence string for pasting into other applications

Links to retriewve other entries containing this seguence from NCEI Entrez:
gi| 556258 from RBattus norvegicus

Fixed wodifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Clegvage by Trypsin: cuts C-term side of ER unless next residue is P
MNurber of mass wvalues searched: 41

MNurber of mass wvalues matched: 28

Sequence Coverage: 49%

Matched peptides shown in Bold Red

1 METVTFLLLL FI3G3AFIRG VFREEAHKSE IAHRFEDLGE (QHFEGLVLIA
51 FEQYLOQECEFY EEHIKLVQEV TDFAKTCVAD ENAEMCDESI HTLFGDELCA
101 IPFLREDHYGE LADCCAKQEF ERHECFLQHE DDNFNLFFFQ RFEAEAMCTS
151 FQENPT3FLG HYLHEVARRH PYFYAPELLY YAEKYWEVLT QCCTESDELL
201 CLTPELDAVE EELLVALVRED RMECSSMORF GERAFEAWAV ARMSQRFPHA
251 EFAEITELAT DVTEINKECC HGDLLECADD RAELAKYMCE NOQATISIELOQ
301 ACCDEPVLOE ZQCLAETEHD NIPADLP3IA ADFVEDEEWVC EINYAEAFDUVF
351 LGTFLYEYSE RHPDYSVSLL LELAEEYEAT LEKCCAEGDF PACYGTVLAE
401 FQPLVEEPEN LVETHNCELYE FLGEYGF(QHA VIVRYTQEAP (VSTPTLVEA
451 ARNLGREVGTE CCTLPEAQRL PCVEDYLSATI LHRLCVLHEE TPVSEEVTEC
501 CSGSLVERRF CFSALTVDET YVPEEFEAET FTFHSDICTL PDEEEQIEEQ
551 TALAELVEHE PELTEDQLET VMGDFAQFVD KCCEAADEDH CFATEGPHLY
601 ARSEELLL
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MATRIX f
Scivers Mascot Search Results

User

Email

Search title
HMS data file
Datahase

T axonomy
Time=t amp
Protein hits

Katie

database
DATA . TXT

search

Rattus (39483 seguences)
22 Oct 2008 at 03:09:19 GMT

gi|19705431
gill09506635

gi|9845251 rapamycin and FEBEP1Z target-1 protein [Rattus norvegicus]
gi|115485 Calocitonin gene-related peptide 1 precursor (Calcitonin gene-
gi|i109474014 PREDICTED: similar to cell adhesion molecule with homology to
gi]16128844 conserved protein with nucleoside triphosphate hydrolase doma
gi|34860298 PREDICTED: similar to matrix metalloproteinase la

gi|34878065 PREDICTED: similar to Putative pre-mPNA-splicing factor ATP-de

gi]16128551
gi|i710906

Probability Based Mowse Score

bacteriophage N4 receptor,

HCBInr 20070216 (4626804 sequences: 1596079197 residues)

albumin [Rattus norvegicus]

PREEDICTED: similar to MEGF10 protein [Rattus norvegicus]

coatomer heta subunit [Rattus norvegicus]

Tons score 15 - 10*LogiP), where T iz the probability that the observed match 12 a random event.
Individual 1ons scores > 25 ndicate identity or extensive homology (p=0.057.
Protein scores are denved from 1ons scores as a non-probabilistic basis for ranking protein hits.

Number of Hits

Protein View

Match to: gi|19705431 Score:
albumin [Rattus norvegicus]
Found in search of DATL.TET

HNominal mass (M ): 70670:; Calculated pI value: 6.09

T
)

94

NCEI BLAST search of gi|19705431 against nr
Unformatted sequence string for pasting into other applications

Links to retriewve other entries containing this seguence from NCEI Entrez:
gi] 55628 from Rattus norvegicus

Fixed modifications:
Variable modifications:
Clesvage by Trypsin:

Sequence COVeraye:

2%

Carbamidomethyl
Oxidation (M
cutz C-term =ide of KR unless

Matched peptides shown in Bold Red

1 MEWVTFLLLL

51 FSQYLOECPY
101 IFELRDNYGE
151 FQENPTSFLG
201 CLTPELDAVE
251 EFAEITELAT
301 ACCDEPVLOQE
351 LGTFLYEYSR
401 FQPLVEEPEN
451 ALRMLGRVGTE
a01 C3GILVEREP
551 TALAELVEHE
601 ARSKEALL

FISGIAF3RG
EEHIELWVOQEW
LADCCAKQEP
HYLHEVARRH
EKALVAAVRQ
DVTEINKECC
SQCLAETEHD
RHPDYSVSLL
LVETNCELYE
CCTLPELORL
CFSALTVDET
PEATEDOQLET

VFRRELHESE
TDFAKTCVAD
ERNECFLOQHE
PYFYALPELLY
EMEC3SHMORF
HGDLLECADD
NIPADLFPSIA
LRELAKEYELT
ELGETGFONA
PCYEDYLIAT
TVPEEFEAET
WHGDF LOFVD

()

IALHRFEDLGE
ENAENCDESI
DDNFNLFFPFQ
YAEKYNEVLT
GERAF KAWLV
RAELALKYMCE
ADFVEDEEWVC
LEKCCAEGDP
VLVEYTQELP
LNRLCVLHEE
FTFHSDICTL
KCCELADEDN

hR)
Probability Based Mowse Score

next residue is P

QHFEGLVLIA
HTLFGDELCA
RPELEANCTS
QCCTESDELL
ARNSQRFPINA
NOATISSELQ
ENTLELKDVF
PLCYGTVLAE
QVSTPTLVEA
TPVSEEVTEC
PDEEEKQIEEQ
CFATEGPNLY
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outer membrane subunit [Escherichis



T-kininogen
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PMF of T-kininogen (top). MS/MS spectrum of its 1802.825 peptide (bottom).
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MATRIX
lsciivers Mascot Search Results

User : Katie

Email H

Search title : database search

Databhase : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus (39483 segquences)

Timestamp : 22 0Oct 2008 at 03:22:25 GMT

Top Score 93 for gi|60392582, T-Kininogen 1 precursor (T-Kininogen I) {Major acute pl

Probability Based Mowse Score

Protein score 15 - 10*LoglP), where P iz the probability that the observed match is a random event.
Protein scores greater than 58 are significant (p<0.03).

Number of Hits

100
Probability Bazed Mowse Score

Concise Protein Summary Report

FarmatAs | | Concise Protein Summary ~ | Help
Significance threshold p< |0.05 Mazx. number of hits |5

Re-Search All | Search Unmatched |
1. gi| 603925582 Mass: 45525 Score: 93 Expect: Ze-005 Queries matched: 7
T-kininogen 1 precursor (T-kininogen I} (Major acute phase protein) (Llpha-1-MAP) (Thi
gi|s0561401 Mass: 45517 Score: 93 Expect: Ze-005 Queries matched: 7

kininogen 1 [Rattus norvegicus]

Protein View

Match to: gi]|60392582 Score: 93 Expect: 2e-005
T-kininogen 1 precursor {T-kininogen I} {Major acute phase protein) (Alpha-1-MAP) {(Thiostatin}

Nominal mass (M ): 48828; Calculated pl values: 6.08

NCEI BLAST search of gi] 60392588 against nr
Unformatted secquence string for pasting into other applications

Taxonomy: Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Varisble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of wass values searched: 25

Nurber of mass values matched: 7

Segquence Coverage: 19%

Matched peptides shown in Bold Red

[

MELITILLLC 3RLLP3LAQE EGAQELNCHND ETVFQAVDTA LEEKYHAELES

51 GHQEFVLYRVT EGTEEDGAET LYSFEYQIKE GNCSVQIGLT WQDCDFEDLE
101 EAATGECTTT LGEEENEFSV ATQICNITPG KGPEKTEEDL CVGCFQFIPH
151 DSSDLEFVLE HAVEHFNNNT FHTHLFALRE VESAHIOVWVL GMNYEIIVSI
201 VQTNCSEEDF P3LEEDCVPL PYGDHGECTG HTHWDIHMNTI AGFSQSCDLY
251 PGDDLFELLF ENCEGCPREI PVDSPELEEA LGHSIAQLHA QHHHIFYFEI
301 DTVEEATS(QV VAGVIYVIEF IARETNCSEQ SKTELTADCE TEHLGQILNC
351 NANVYMEPWE NEVWVPTVRC) ALDMMISEPF GFSPFRLVEYV QETEEGTTEL
401 LNSCEYEGEL SEALRAGPAPD HOQALELITVTF
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MATRIX
SCIENCE.

User
Email

Search title
MS data file
Datahase
T axon omy
Timest amp
Protein hits

Katie

database search

DATA . TXT

HCEInr 20070216 (4626804 segquences;

Rattus {39483 sequences)
22 0Oct 2008 at 03:29:42 GMT
LMW T-kininogen I precursor

gi|205085

gi|71043668
gi|109499578
gi|l09459321
gi]23397411

Probability Based Mowse Score

family 4,

/ Mascot Search Results

transcription elongation factor A
PRELICTELD:
PREDICTED:
cytochrome P450,

(SII)

1596079197 residues)

1 [Rattus norvegic

similar to UDP glucuronosyltransferase Z farnils
hypothetical protein [Rattus norvegicus]

subfamwily b, polypeptide 1 [Rat

Ions score is -10*Log(P), where P iz the probability that the observed match iz a random event.
Individual ions scores = 30 indicate identity or extensive homology (p<0.05).

Protein scores are derived from lons scores as a non-probabilistic basis for ranking protein hits.

Number of Hits

Protein View

Hatch to:

Probability Bazed Mowse Score

gi|60392582 Score:

T T T T
73

94

100

T-kininogen 1 precursor {T-Kininogen I} {Major acute phase protein}) (Alpha-1-MAP) {Thiosta
Found in search of DATL.TXET

Nominal mass

(M_): 48828; Calculated pl valus: 6.08

NCEI BLAST search of gi| 603592582 against nr
Unformatted secquence string for pasting into other

Taxonomy: Rattus norvegicus

Fixed modifications:
Variable modifications:
Cleasswage by Trypsin:

Sequence Coverage:

3%

Carbamidomethyl
COxidation (M
cuts C-term side of KR unless

Matched peptides shown in Bold Red

1
51
101
151
201
251
301
351
401

MELITILLLC
GHOFVLYRVT
EAATGECTTT
DSSDLEPVLE
VQTNCSEEDF
PGDDLFELLF
DTVEKATIOV
NANVYMRFPUE
LN3CEYEGEL

SELLPSLACE
EGTEEDGLET
LGEEENEFSV
HAVEHFNNMNT
PSLEEDCVPL
FNCRGCFREI
VAGVITVIEF
NEWVPTVRCQ
SELRLGFALPD

EGLQELNCHND
LYIFEYQIEKE
ATQICHITRG
EHTHLFALERE
PYGDHGECTG
PVDSPELEEL
TARETHNCIEQ
LLDHMMISEFP
HOLELSTVTP

L]

ETWVFQAVDTA
GNCSVOSGLT
EGPEETEEDL
VESLHIOWVVA
HTHVDIHNTI
LGHZTAQLNL
SKTELTADCE
GFSPFRELVEYV
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applications

next residue i=s P

LEEYHAELES
WODCDFEDAE
CVGCFOPIPHN
GHMNYEIITSI
AGFSQ3CDLY
QHNHIFYFEI
TEHLGOILNC
QETEEGTTEL
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a-2-HS glycoprotein

1Gh{Ono_I12v

92515 |

CA0BELE- —

BERSEGL- [

LOOEDGEL- 1}

OEE'9FE |-

GiEToel- A}

9949261~

L8YITEL- —

OE90ilL-

492801

CFEELE- —

LEFTEE- [

80G048- Z05 98- |

BFFE08- |

2400

2300

1600

1400

1200

1000

R

Intens

wiod
125

o) Lo [ Ly c
=) = ') (] [y
-— L) L) o= =

[au]

2000

1800

800

PMF of a-2-HS glycoprotein.

158



lsciinces Mascot Search Results

User : Katie

Email H

Search title : database search

Database : HCBInr 20070216 (46265804 segquences; 1596079197 residues)

T axonomy : Rattus (39483 segquences)

Timest amp : 16 Dec 2008 at 09:45:35 GMT

Top Score : 73 for gi|231466, Alpha-2-HS-glycoprotein precursor (Fetuin-A) (Glycoprotein PP63)

Probability Based Mowse Score

Protein score 15 - 10¥Log(P), where P 15 the probability that the observed match 12 a random event
Protein scores greater than 58 are significant (p<0.05).

=
=3

Number of Hits

i

a0 0] 70 &0
Probability Based Mowse Score

Concise Protein Summary Report

Format As |CDncise Frotein Summaryﬂ Help

Sigrificance threshold p< |0.05 Mazx mumber of hits |500

Re-Search All | Search Unmatched |
1. gi|231468 Mass: 35757 Score: 73 Expect: 0.0021 OQueries matched: ©
Alpha-2-H3-glycoprotein precursor (Fetuin-A) (Glycoprotein PPE3) (59 kDa bone sialic acid-cont
gi] 6975477 Mass: 33778 Score: 56 Expect: 0.11 Queries matched: &

alpha-2-HS-glycoprotein [Rattus norvegicus]

Protein View

Match to: gi]|231468 Score: 73 Expect: 0.0021
Alpha-2-HS-glycoprotein precursor {(Fetuin-A} {(Glycoprotein PP63) {59 kDa bone =ialic acid-cont

Nowinal mass (M ): 38757; Calculated pl wvalue: 6.05
NCEI BLAST search of gi|231468 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Links to retriewve other entries containing this secquence from NCEI Entrez:
gi| 56140 from Rattus norvegicus

i 220676 from Rattus norvegicus

gi| 60552658 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 21

Number of mass values matched: 6

Segquence Coverage: 26%

Matched peptides shown in Bold Red

1 MESLVLLLCF AQLW3CQSAF QGAGLGFREL ACDDPETEHY ALIAVDYLHE
51 HLLQGFRQIL NQIDEVEWWS RRPFGEVYEL EIDTLETTCH ALDPTPLANC
101 SVRQQAEHAYV EGDCDFHILE QDGOFREVLHA QCHITPDSAE DVREEFCPRCP
151 ILIRFNDTHV VHTVETALLL FNAQNNGTYF ELVEISRAQN VPFPVSTLVE
201 FVIAATDCTG QEVTDFAECHN LLAEKQYGFC KATLIHRLGG EEVIVACELF
251 QTQPQPANAN PAGPAPTVGQ ALPVAPPAGFP PESVWVGPVL VPLGLPDHET
301 HHDLFHAFSP VASVESASGE VLHSPEVG(P GDAGAAGPVA PLCPGRVRYF
351 KI

159



a-l-antitrypsin
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PMEF spectrum of a-1-antitrypsin (top). MS/MS spectrum of its 1153.659 peptide (bottom).
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{iiivers Mascot Search Results

User : Katie

Email :

Search title : database search

Database : HCBInr 20070216 (4626804 seyuences: 1596079197 residues)
T ax0TnOmy : Rattus {39483 sequences)

Timestamp : 22 Oct 2008 at 03:54:33 GMT

Top Score : 98 for gi|203063, alpha-l1-antitrypsin precursor

Probability Based Mowse Score

Protein score 15 -10%Log(F), where P iz the probability that the observed match 15 a random event.
Protein scores greater than 58 are significant (p<0.05).

Humber of Hits
i
L=
|

L]
|

il %

T
a0 Fi] els]
Probability Based Mowse Score

Concise Protein Summary Report

FarmatAs | |Concise Protein Summary » | Help
Significance threshold p= |0.05 Mazx number of hits |5

Re-Search All | Search Unmatched |

1. gil203063 Mass: 45978 Score: 98 Expect: 6.1e-006 Queries matched: 2
alpha-l-antitrypsin precursor

Protein View

Mateh to: gi|203063 Score: 98 Expect: 6.1e-006
alpha-l-antitrypsin precursor

Nominal mass (M ): 45978 Calculated pl wvalue: 5.70

MCBI BLAST search of gi|203063F against nr
Unformatted sequence string for pasting into other applications

Taxonowy: Battus norvegicus

Fixed wmodifications: Carbamidomethyl (<)

Varisble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term =ide of KR unless next residus i= F
Nurnber of mass wvalues searched: 13

Nunber of mass values matched: &

Sequence Coverage: 24%

Matched peptides shown in Bold Red

1 SISRGLLLLA ALCCLAPSFL AEDAQETDTS QOQDQIPTYRE ISSHLADFAF
51 SLYRELVHOQS NTSNIFFSPHM SITTAFAMLS LGSEGDTREQ ILEGLEFHNLT
101 QIFEADIHEL FHHLLOTLNR PDIELQLNTG NGLFVNENLE LVEEFLEEVE
151 NNYHSEAFSV NFADSEEAKE VINDYVEKGT QGEIVDLME(Q LDEDTVFALYV
201 HYIFFEGKEUE RPFHNPEHTRD ADFHVDESTT VEVPMMWRLG MFDMHYCSTL
251 SSWWLHMDYL GNATAIFLLF DDGEMQHLED TLTEDLISEF LLNRQTRSAT
301 LYFPELSISG TYHLETLLSS LGITRVFNND ADLSGITEDA FLELZQAVHE
351 AVLTLDERGT EALGATVVEA VPM3ILPPOIVE FDHPFIFMIV ESETQSPLFYV
401 GEVIDPTE

*This is due to the sequence homology, however, the MS/MS shown on the

next page further confirms its identity.
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MATRIX f
vt Mascot Search Results

User : Katie

Email H

Search title : datahase search

MS data file : DATA.TXT

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Time=st amp : 22 Dct 2008 at 03:53:57 GMT

Protein hits : gi]i112889 Llpha-l1-antiproteinase precursor [(Alpha-l-antitrypsin)

gi]109505146 PREDICTED: hypothetical protein [Rattus norvegicus]
gi]109505115 PREDICTED: similar to MAP/wicrotubule affinity-regulati
gi] 53850602 hypothetical protein LOCEZS3343 [Rattus norvegicus]
gi]62955040 potassium channel modulatory factor 1 [Rattus norvegict

Probability Based Mowse Score
Tons score 15 - 10*Log(P), where P is the probability that the observed match 15 a random event.

Indiwidual ions scores = 32 indicate identity or extensive homology (p<0.03).
Protein scores are dertved from ions scores as a non-probabilistic basis for ranking protein hits.

w
|

Number of Hits

Probability Based Mowse Score

Protein View

Match to: gi|203063 Score: 62
alpha-l-antitrypsin precursor
Found in search of DATA.TET

Nominal wass (M ): 459787 Caleoulated pI value: 5.70

NCEI BLAST search of gi|203063 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Rattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable wodifications: Oxidation (M)

Cleavage by Teypsin: cutz C-term side of KR unless next residue iz P
Sequence Coverage: 2%

Matched peptides shown in Bold Red

1 SISRGLLLLA ALCCLAPSFL AEDAQETDTS QOQDOIFTYRE ISSNLADFAF

51 SLYRELVHOS NTSNIFFSPM SITTAFAMLS LGSKEGDTREQ ILEGLEFMLT
101 QIPEADIHEA FHHLLOTLNE PDSELQLNTG NGLFVNENLE LVEEKFLEEVE
151 NNYHIEAF3V NFADZEEALEE VINDYVEEGT QGEIVDLMEQ LDEDTVFALW
201 NYIFFEGEWE RPFHPEHTRD ADFHVDESTT VEVFMMNELG MFDMHYCSTL
251 3SWVLMMDYL GNATAIFLLF DDGEMOHLEQ TLTEDLISEF LLNRQTRSAI
301 LYFPEL3I3G TYNLETLL3IS LGITEVFNND ADLSGITEDA PLELIQAVHE
351 AVLTLDERGT EAAGATVVEL VPM3ILFPOVE FDHPFIFMIV ESETOSPLFYV
401 GEVIDFTR
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PMEF of afamin (top). MS/MS spectrum of its 1834.933 peptide (bottom).
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lscivers Mascot Search Results

User : Katie

Email :

Search title : database search

Database : HCBInr 20070216 (4626804 segquences; 1596079197 residues)
T axonomy : Rattus (39483 sequences)

Time =t amp : 26 Hovr 2008 at 10:49:31 GMT

Top Score : 213 for gi|27229290, afamin [Rattus norvegicus]

Probability Based Mowse Score

Protein score 12 - 10%LogiF), where T iz the probabaity that the obzerved match 15 a random event.
Protein scores greater than 58 are significant (p<0.057.

25
20—

154

Number of Hits

10

T T T = T 1
120 160 200 240
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | | Concise Protein Summary v | Help
Significance threshold p< |0.05 Maz. number of hits |20

Re-Search All | Search Unmatched |
1. gi|a72292390 Mass: 71172 Score: 213 Expect: Ze-017 Queries matched: 19
afamin [Rattus norvegicus]
gi| 60655254 Mass: 54205 Score: 185 Expect: 1.2e-014 Queries matched: 16

Afm protein [Rattus norvegicus]

Protein View

Match to: gil27229290 Score: 213 Expect: 2e-017
afamin [Rattus norvegicus]

Mowinal wass (M ): 71172; Calculated pl walue: 5.87

NCEI ELAST search of gi|27229290 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Rattus norvegicus

Links to retriewe other entries containing this sequence from NCEBEI Entrez:
gi| 543793 from Rattus norvegicus

gil|456359 from Rattus norvegicus

Fixed mwodifications: Carbamidomethvl (C

Variable modifications: Oxidation (M

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Murber of mass wvalues searched: 26

Nuber of mass valuss matched: 19

Sequence Coverage: 30%

Matched peptides shown in Bold Red

=

MEHLELTGFI FFLLSLTESL ALPTEPQDVD HFNATQEFIN ENVAYLTIIA

51 SAQVVQEASF EEVEMLVEVM LDYEDRCLAD STLPECSKIA HDAI(QDMLCD
101 MEGLPOEHNF SHCCRQAGFQ FRLCFFYWEE ANVGFLPPFP TLDPEEECOQOL
151 YEMNNSESFLN LYMYEVAFRRN PFAFAPVLLH VAARFEEALLT TCCEQQQELT
201 YFQDEAAPIT QYLEKALSSY(Q RNVCGALLEF GPETLHSINI AWFSKEFPEI
251 GFEDLTSLLE DW3SMYDGCC EGDVVOQCIRS QIQVMHHICS KOQDIISIEIE
301 ACCEKELFER ADCIINANED DEFEDLSLET PEFTDSENVC QERDSEQDEF
351 FAEFLYDYSRE RHTELSTPEL LRITEVYEDL LEDCCHNREWNP LSCYRHAEDE
401 FNETTERSLL MVOQOECEQF(Q ELGEDALQRH FLVEFTEALLP QLPMEELVSL
451 SEKEMVAALLAT CCTLSDEFAC VDNLADLVLG ELCGMNENRET INFTVDHCCR
501 ADFAFRFRPCF EHLEADTTYA LPSVSALWSA LRALDWCQPLE EDLONEFHRE
551 LVHLVEWMFE ITDEERLCLF TEFTLALAGEEC GNIQEPELCF SPEISKETGDV
601 SODAEEQE

*This is due to the sequence homology, however, the MS/MS shown on the
next page further confirms its identity.
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MATRIX
SCIENCE.

User
Email

Search title

M5 data file

Databhase

T ax onomy
Timestamp
Protein hits

Katie

datahase search

DATA . TXT

HCEInr 20070216 (4626804 seguences:

Rattus {39483 sequences)
26 Hov 2008 at 10:37:26 GMT

gi| 27229290
gi|121308631
gill6128640
gil16130533
gi]| 51948390
gi|81866683
gi| 57012428
gi|11024672
gi|19424166
gi| 57527530

Probability Based Mowse Score

Usherin precursor

! Mascot Search Results

afamin [Rattus norwvegicus]
hypothetical protein [REattus norvegicus]
HCP oxidoreductase,

1596079197 residues)

NAiDH-dependent [Escherichia coli K1Z]

heat shock protein [Escherichia coli K1Z]
dehydrogenase/reductase (3DR family)
[Usher syndrome type-ZA protein homolog)
type I hair keratin EA36 [Rattus norvegicus]

mewber 5§ [Rattus nors

kynurenine 3-monooxygenase [Rattus norvegicus]
f-box only protein 32 [REattus norvegicus]
signal-induced proliferation-associated 1 like 2 [Rattus t

Tons score 15 -10%Log(P), where P is the probability that the observed match 15 a random event.
Indradual ions scores > 32 mdicate identity or extensive homeology (p<0.05).
Protein scores are derived from 1ons scores as a non-probabilistic basis for ranking protemn hits.

Mumber of Hits
o
]

| .

Protein View

Match to:

150

Probability Based Mowse Score

gi| 27229290 Score:

afamin [Rattus norvegicus]
Found in search of DATL.TXET

Nominal mass

144

(M_1: 71172; Calculated pI value: 5.87

NCEI BLAST search of gi|=27229290 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Rattus norvegicus
Links to retrieve other entries containing this sequence from NCEI Entrez:
gi]| 543793 from Battus norvegicus

gi| 456359 from Battus norvegicus

Fixed modifications:
Variabhle modifications:
Cleavage by Trypsin:

Sequence Coverage: 2%

Carbamidomethyl
Oxidation (M)
cuts C-term side of KR unless

Matched peptides shown in Bold Red

1
A1
101
151
201
251
301
351
401
451
501
551
601

MEHLELTGF I
SAQTVQELSF
MEGLPQEHNF
YENNIEIFLN
YFODELAFIT
GFEDLTSLLE
ACCEEELFER
FAEFLYDYSR
FNETTER3ILAL
SEEMVAALAT
ADFAFRRFCF
LVNLVEWHFE
SQDAEEQR

FFLLSLTESL
EEVEMLVEVH
SHCCROAGFQ
LYMYEVAREN
QYLEALSSTQ
IVISMYDGCC
ADCIINANED
RHTELATFEL
MVQQECKQFQ
CCTLSDEFLC
EHLEADTTYA
ITDEERLCLF

ALPTEPQDVD
LDYEDRCLAD
RELCFFYNEE
PFAFAPVLLN
RNWVCGALLEF
EGDVWVQCIRS
DEPEDLILET
LRITEVYEDL
ELGEDALQRH
VDNLADLVLG
LPSVSALVSA
TEFTALGEEC

<y

HFMATQEFIN
ATLPECEEIA
ANVGFLPFPFP
VALRFEEALLT
GPETLNSINI
QEOVMHHICS
PEFTDSENVC
LEDCCHRENP
FLVEFTEALP
ELCGMNENET
LEADWCOPLE
GMIQEPELCF
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next rezidue iz P

ENVAYLTIIL
MNDAIQDHLCD
TLDPEEECQL
TCCEQOOKELT
AVFSEKFFPEI
KQDSISSKIE
QERDIEQDEF
L3CYRHAEDE
QLFMEELVSL
INPTVDHCCER
EDLONERHRF
SPESSKTGDV
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PME of y-actin (top). MS/MS spectrum of its1298.432 peptide (bottom).
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MATRIX
l&ivers Mascot Search Results

User : Katie

Email :

Search title : database search

Database : HCBInr 20070216 (4626804 seguences; 1596079197 residues)
T ax 0T oMy : Rattus {39483 sequences)

Times t amp : 26 Hov 2008 at 10:05:33 GMT

Top Score : 147 for gi|4501885, beta actin [Homo =sapiens]

Probability Based Mowse Score

Protein score 15 - 10*Log(P), where P 1z the probability that the observed match 15 a random event.
Protein scores greater than 58 are significant (p=0.05).

Number of Hits
w

T
Gir 100 150
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | | Concise Protein Surmmary =) Help
Significance threshold p= |0.05 Mlaz mumber of hits |20

Fe-Search All | Search Unmatched |
1. gi|4501885 Mass: 42052 Score: 147 Expect: 7.%92-011 Queries matched: 13
heta actin [Homo sapiens]
gi|4501887 Mass: 42108 Score: 147 Expect: 7.%9e-011 Queries matched: 13

actin, garama 1 propeptide [Homo sapiens]
gil 109507063 Mass: 42109 Score: 147 Expect: 7.22-011 Queries matched: 13
PREDICTED: similar to Actin, cvtoplasiic 2 (Gamra-actin) [Rattus norvegicus]

Protein View

Match to: gi]l09507063 Score: 147 Expect: 7.9e-011
PREDICTED: similar to Actin, cytoplasmic 2?2 {Gamma-actin) [Rattus norvegicus]

Nominal mass (M ): 42109; Calculated pl wvalue: 5.31

NCEI BELAST search of gil|l09507063 against nr
Unformatted sequence string for pasting into other applications

Taxonomwy: Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variasble modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 35

Number of mass values watched: 13

Segquence Coverage: 46%

Matched peptides shown in Bold Red

1 MEEEIALLVI DNGIGMCEAG FALGDDAPRAY FPSIVGRPRH QGVMVGHMGOE

51 DSYVGDEAQS ERGILTLEYF NEHGIVTNWD DHEKIWHHTF YNELEWAPEE
101 HEVLLTEAFL HPELNEEENT QIMFETFNTP AMYVAIQALVL SLYASGRITG
151 IVMDSGDGVT HIVPIYEGYA LPHATILELDL AGRDLTDYLM KILTERGYSF
201 TTTAEREIVR DIEKEKLCYVA LDFEQEMATA ASISSLEESY ELFDGOVITI
251 GHERFRCFPEL LFQPIFLGHME SCGIHETTFN SIMECDVDIER EDLYAHNTVLS
301 GGTTMYPGIA DEMOEEITAL AP3ITHEIKII APPEREYSVW IGGSILASLS
351 TFQOMWISKE(Q EYDESGPSIV HRECF
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MATRIX
SCIENCE.

User
Email

Search title
HMS data file
Database
T axonomy
Timest amp
Protein hits

: Katie

: database search
: DATA.TXT
: HCBInr 20070216 (4626804 sequences;

: Rattus (39483 =segquences)

: gi|4501881
gi|68163565
gil16130922
gi|1705907
gi]129894
gi|47575951
gi|109458945
gi|11120710
gi]21930125
gil118763771

Probability Based Mowse Score

PREDICTED:
collagen,

Unknown

26 Hor 2008 at 10:18:12 GMT
alpha 1 actin precursor [Howo sapiens]
secernin 1 [Rattus norvegicus]

sensory histidine kinase in two-component regulatory system with
Chloride channel protein 4

/ Mascot Search Results

1596079197 residues)

[clc-4j

Alpha platelet-derived growth factor receptor precursor
olfactory receptor Olrl1493 [Rattus norvegicus

similar to RIEEN cDNA 5730590319-1like [Rattus norvegic
type W, alpha 3
osteoclast stimulating factor [Rattus norvegicus]
[protein for MGC:156700)

[Rattus norvegicus]

Tons score is -10%Log(P), where P is the probability that the observed match is a random event.
Individual ions scores = 32 indicate identity or extensive homology (p<0.05).
Protein scores are dertved from ions scores as a non-probabilistic basiz for ranking protein hits

Number of Hits

Protein View

Mateh to:
PREDPICTED:

T
[

T T
G hR)

L

120

Probability Based Mowse Score

gi|109507063 Score:
gimilar to Actin,

Found in search of DATA.TET

Nominal mass

107

cytoplasmic 2 {Gamma-actin} [Rattus norvegicus]

(M_): 42109; Calculated pI value: 5.31

NCBI BLAST search of gi|l09507063 against nr
Unformatted secquence string for pasting into other applications

Taxonomy: Battus norvegicus

Fixed modifications:
Variable modifications:
Cleavage by Trypsin:
SJequence Coverage:

4%

Carbamidomethyl
Oxidation (M)
cuts C-term side of KR unless

Matched peptides shown in Bold Red

1
51
101
151
201
251
301
351

HEEETAALVI
DSTVGDELQS
HPVLLTEAFL
IVHDEGDGVT
TTTAEREIVE
GHERFRCFEL
GGTTHMYPGIA
TFOOMWIZKQ

DNGSGHCEAG
KRGILTLEYP
NPEANREENT
HTVPIYEGYA
DIKEELCYVA
LFQP3EFLGHE
DEMOEEITAL
EYDEIGPIIV

FAGDDAPRAV
NEHGIVTHNWD
QINFETFNTP
LPHAILRLDL
LDFEQEMATA
SCGIHETTFN
APSTHEIEII
HRECF

(<)

FPSIVGRPRH
DHEEIWHHTF
AMTVAIQAVL
AGRDLTDYLH
AZSISLEESY
SIMECDVDIR
APPEREYTIVU

168

next residue is P

QGEVHVGHGOK
THNELEVAPEE
SLTASGRTTG
EILTERGYSF
ELPDGOVITI
EDLYLNTVLS
IGGIILASLS

[Rattus norvegicus]

{PDGF-R-a



9ETEETT-
BFTLITE-

SLTI9LE —=

ZLaisl- =

OF0GESL- -

68l —
B06'F5Y |-

EZ28LGE L

BTLLTTL —=

—

0490711 ——=2
1

Stress 70 protein

6:270001- -3
LYELLE-
JR—
800°888- ——2
£85°048-
Y85 TRE-

JR—

1
258 = = B & =
L9 S — (=1 (=1 = [

=

m

1200 1400 1600 1800 2000 2200
169

1000

800

PMEF of stress 70 protein.




lscivers Mascot Search Results

User : Katie

Email H

Search title : database search

Datahase : HCBInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus (39483 =zegquences)

Timestamp : 16 Dec 2008 at 09:24:10 GMT

Top S5core : 61 for gi|62664205, PREDICTED: similar to 5tress-70 protein, mitochondrial precursor

Probability Based Mowse Score

Protein score 15 - 10*Log(F), where P is the probability that the observed match is a random event.
Protem scores greater than 58 are sigmficant (p<0.05).

[
=

o

Number of Hits

20 30 i ) &0
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | [Concise Protein Summary v | Help
Significance threshold p= |0.05 Ilam. rumber of hits |50

Fe-Search All | Search Unmatched |
1. gi| 62664205 Mas=ss: 73954 Score: 61 Expect: 0.029 Queriesz matched: 7

PREDICTED: =imilar to Stress-70 protein, mitochondrial precurs=or (75 kDa glucose regulated prote

Protein View

Match to: gi]62664205 Zcore: 61 Expect: 0.029
PREDICTED: similar to Stress-70 protein, mitochondrial precursor {75 kDa glucose regulated protein)

Nominal mass (M j: 73984; Calculated pl value: 5.87

NCEI BLAST search of gi| 62664205 against nr

Unformatted secuence string for pasting into other applications

Links to retrieve other entries containing this sequence from NCEI Entrez:
gil108507099 (no taxonowmy information for this entry)

gil1000433 from Rattus sp

Fixed modifications: Carbamidomethyl (C)

Variable mwodifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Nuwber of mass values searched: 24

Nurber of mass wvalues matched: 7

Sequence Coverage: 13%

Matched peptides shown in Bold Red

1 MISASRAAALA BLVGTTASRS PAARARHODGW HGLSHEAFRF VSREDYTASEL

51 TEGAVWGIDL GTTHSCVAVH EGEQAKVLEN AEGLARTTPSY WAFTPDGERL
101 VGHPALERQALYV THWPNNTFYAT ERLIGERYDD PEVQKDTENV PFEIVRELASNG
151 DAWVEAHNGEL Y3IP3IQIGAFV LMEMEETAEN YLGHTAEWAV ITVPATFHNDS
201 QRQATEDAGO ISGLNVLEVI WEPTALLLAY GLDESEDENI AVYDLGGGTE
251 DISILEIQKG VFEVESTNGD TFLGGEDFDQ ALLRHIVEEF KRETGVDLTE
301 DNMALQEVEE AAEKAKCELS 33VQTDINLP YLTMDASGPE HLINMELTRAQ
351 FEGIVTDLIE RTIAPCOQEAN QDAEVSESDI GEVILVGGHT BMPEVOQTVO
401 DLFGRAPSEA VNPDEAVAIG AATIQGGVLAG DVTDVLLLDV TPLSLGIETL
451 GGVFTELINE HTTIPTEKSC WFSITAADGOQT QVEIKVCOQGE REMAGDNELL
501 GOFTLIGIPP APRGVPQIEV TFDIDANGIV HVSALAKDEGTG REQOIVIQIS
551 GGLIEDDIEN MVENALEEYAE EDRRKKERVE AVNMAEGIIH DTETEMEEFE
601 DOLPADECNE LEEEISEMRE LLARKDSETG EHIRQAASSL. (QQASLELFEM
651 AVEFKMASERE G3GSI3TGEQ EKEDQKEEEQ
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Apolipoprotein A-I
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PMF of apolipoprotiein A-1 (top). MS/MS spectrum of its 1454.943 peptide (bottom).
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MATRIX
lsciners Mascot Search Results

User : Katie

Email H

Search title : database search

Database : HCBInr 20070216 (4626804 segquences: 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Timestamp : 26 Hor 2008 at 10:41:26 GMT

Top Score : 185 for gi|6978515, apolipoprotein A-T [Rattus norvegicus]

Probability Based Mowse Score

Protein score 15 - 10%Log(P), where P is the probability that the observed match 15 a random event.
Protein scores greater than 58 are significant (p<0.05).

Humbet of Hits

T T T T T T T T T T T T T T
50 100 150 200
Prokability Based Mowse Score

Concise Protein Summary Report

FormatéAs | |Concise Protein Summary | Help
Significance threshold p< [0.05 Iax. number of hits [20

Fe-Search All | Search Unmatched |
1. gi| 6878515 Mass: 30100 Score: 185 Expect: 1.2e-014 Queries matched:

apolipoprotein A-I [Rattus norvegicus]
Protein View

Match to: gi]|6978515 Score: 185 Expect: 1.2e-014
apolipoprotein A-I [Rattus norvegicus]

Hominal wass (M ): 30100; Calculated pl walue: 5.52

NCBI BLAST search of gi] 6878515 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Links to retriewve other entries containing this seguence from MNCEI Entre=z:
gi| 202938 frowm Rattus norvegicus

gi] 2025945 from Rattus norvegicus

gi]| 5980585358 from BEattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term =side of ER unless next residus is P
MNumber of mass wvalues searched: 26

MNumber of mass wvalues matched: 17

Jequence Coverage: 50%

Matched peptides shown in Bold Red

1 MELAVLAVAL VFLTGCQAWE FWQODEPQSQ WDEWEDFATY YWDAVEDSGR
51 DYVSQFESST LGEOQLHLHNLL DHWDTLGSTYV GRLOQEQLGFY TQEFWANLEE
101 ETDWLENEMN EDLENVEQFM (PHLDEFQEK WHEEVEAYR() KLEFPLGTELH
151 KENAKEMOQRHL EVVAEEFRDR MRVHADAIRA KFGLYSD(QMR ENLAQRLTEI
201 KHHPTLIEYH TEASDHLETL GEKAEFALLDD LGQGLMPVLE AWEAKIMIMI
251 DEALEEFKLNA

172



MATRIX y
vt Mascot Search Results

User

Email
Search title
MS data file
Datahase

T axonomy
Time st amp
Protein hits

pogi|113997

: Katie

datahase search

: DATA.TXT
: HCBInr 20070216 (4626804 sequences; 1596079197 residues)
: Rattus (39483 sequences)

26 Hor 2008 at 11:00:47 GMT

Apolipoprotein L-I precursor (Apo-4I) (Apolk-TI)

gi|18426862
gi|62079021
gi|109501906
gi|31542447
gi| 75188767
gi|47577843
gi|l09497906
gil16130617

proteasome 263 non-ATPase subunit 9 [Rattus norvegicus]
hypothetical protein LOC361301 [Rattus norvegicus]
PREDICTELD:
cysteine rich protein 61 [Rattus norvegicus]

COGE2937: Glycerol-3-phosphate O-acyltransferase [Escherichia
olfactory receptor ©lrll9 [Rattus norvegicus]

PREDICTED: alpha-1, 3-D-ma
anaerobhic nitric oxide reductase flavorubredoxin [Escherichia

similar to F11C1l.5a [Rattus norvegicus]

similar to UDP-N-acetylglucosamine:

gi|16128297 betaine aldehyde dehvdrogenase, NAD-dependent [Escherichia co

Probability Based Mowse Score
Tons score 15 - 10%Log(F), where P iz the probabiity that the obzerved match 15 a random event.

Individual ions scores > 33 indicate identity or extensive homology (p<0.05).
Protein scores are dertwed from ions scores as a non-probabilistic basts for ranking protein hits.

Mumber of Hits

T T T T T T T T T
a4 160
Probability Based Mowse Score

Protein View

Match to: gil|6978515 Score: 123
apolipoprotein A-T [Rattus norvegicus]
Found in search of DATA.TET

Nominal mwass

(M ): 30100; Calculated pl value: 5.52

MNCEI BLAST search of gi]| 6975515 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Battus norvegicus

Links to retrieve other entries containing this sequence frow NCEI Entrez:
gi| 202939 from Fattus norvegicus

gi|202945 from Fattus norvegicus

gi| 5950835858 from Rattus norvegicus

Fixed modificatrions: Carbamidomethyl
Variahle modifications: Oxidation (M)
Cleavadge by Trypsin: cuts C-termn side of KR unless
Sequence Coverage: 5%

cl

next residue is P

Matched peptides shown in Bold Red

1
a1
101
151
201
251

HEALMVLAVAL VFLTGCQAWE
DYVSQFESST LGEQLNLNLL
ETOULEMEMN EDLENVEQEN
ENAEEMQRHL EWVVAEEFRDR
FNHPTLIEYH TEASDHLETL
LEAKKELMNA

FUWQODEP Q30
DHWDTLGSTV
QPHLDEFQEK
HEVHADALEL
GEKAKPALDD

WDEVEDEATV
GRLOEQLGFV
WHEEVEALYRO
KFGLYSDONR
LGQGLMPVLE
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YVDAVEDZGR
TQEFWANLEK
ELEPLGTELH
ENLAQRLTEI
AWKAKIMINI



Apolipoprotein A-1V
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PMFof apolipoprotiein A-1V (top). MS/MS spectrum of its 1509.956 peptide (bottom).
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MATRIX
{scnecis Wlascot Search Results

User : Katie

Email :

Search title : database search

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)

T axoTO0my : Rattus {39483 =equences)

Timest amp : 26 Hov 2008 at 11:29:31 GMT

Top Score : 71 for gi|114008, Apolipoprotein A-IV precursor (Apo-ATV) (Apol-IV)

Probability Based Mowse Score

Protein score i3 - 10¥Log(P), where P is the probability that the observed match is a randotm event.
Protein scores greater than 58 are significant (p<0.05).

Humber of Hits

T T T T ._|
a0 & T
Probahility Based Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Protein Summary v | Help

Significance threshold p= |0.05 Mlax. number of hits 500

Fe-Search All | Search Unmatched |
1. il 114008 Mass: 44420 Score: 71 Expect: 0.0022 Queries matched: 7
Apolipoprotein A-IV precursor (Lpo-AIV) (Apold-IWV)
gi|8392909 Mass: 44433 Score: 71 Expect: 0.0029 Queries matched: 7

apolipoprotein A-IV [Rattus norvegicus]

Protein View

Matech to: gi|l114008 Score: 71 Expect: 0,0029
Apolipoprotein A-IV precursor (Apo-ATIV) {ApolA-TV)

Nowinal mass (M ): 44429; Calculated pl valus: 5.12

NCEI BLAST search of gi|l114005 against nr
Tnformatted sSecquence string for pasting into other applications

Taxonowy: Fattus norvegicus

Links to retriewve other entries containing this sequence from NCEI Entrez:
gi| 202941 from Battus norvegicus

gi| 202945 from BEattus norvegicus

gi| 60552712 from RBattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residues is P
Number of mass values searched: 17

Nunber of mass values matched: 7

Sequence Coverage: 24%

HMatched peptides showvn in Bold Red

1 MNFLEAVVLTV ALVAITGTOQA EVTIDOVANY MUDYFTOLIN NAKEAVEQLO
51 KIDVIQQLHT LFQDELGNIN TYADDLONEL VPEAVQLSGH LTEETERVRE
101 EIQEKELEDLER ANMMPHANEY SQMFGDNVQE LOQEHLRPYAT DLQAQIHAQT
151 (QDMERQLTPY IQEMOTTIOD NVENLOISMV PFANELEEEF NONMEGLEGD
201 LTPRANELEA TIDQHLEDLE SELAPLAEGY QEELNHOMEG LAFQHMEKNALE
251 ELQTEVSTNI DQLOENLAPL VEDVQIELEG NTEGLOESLE DLNEQLDQOV
301 EVFRRAVEFL GDEFNMALYVQ COMEKFRQQLG SDSGDWESHL SFLEEMLEEK
351 VISFM3ITLCK EGSPDOPLAL PLPEQVOECY QECVOFEFLE 3
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MATRIX |
et Mascot Search Results

User : Katie

Email :

Search title : database search

MS data file : DATA.TXT

Datahase : HCEInr 20070216 (4626804 seyuences;: 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Timestamp : 26 Hor 2008 at 11:33:14 GMT

Protein hits : gi]114008 Apolipoprotein A-IV precursor (Apo-ALIV) [(Apolk-IV)

gi]416805 Choline O-acetyltransferase (CHOACTase) (Choline acetylase)
gi]16131295 hypothetical protein h3i421 [Escherichia coli K12]
gi|61557082 telomeric repeat binding factor 2, interacting protein [Rattus norvegicus]

Probability Based Mowse Score

Tons score 15 -10%Log(P), where P is the probabiity that the observed match iz a random event.
Indiwidual 1ons scores > 20 indicate peptides with significant homology.

Indiwidual ions scores > 33 indicate identity or extensive homology (p=0.03).

Protemn scores are derived from 1ons scores as a non-probabilistic basis for ranking protem hits,

Number of Hits

T T T T T T T T T
25 5
Probability Based Mowse Score

Protein View

Match to: gi]114008 ZScore: 62
Apolipoprotein A-TV precursor {(Apo-ATV) (Apol-TIV)
Found in search of DATL.TET

Nowinal wass (M ): 44429; Calculated pl valus: 5.12

MCBI BLAST search of gi|l1il4008 against nr
Unformatted sequence sString for pasting into other applications

Taxonomy: BRattus norvegicus

Links to retriewe other entries containing this sequence fromw NCEI Entrez:

gi|20294]1 from Battus norvegicus

gi| 202943 from Battus norvegicus
gi] 60552712 from Rattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of ER unless next residus is P
Sequence Coverage: 3%

Matched peptides shown in Bold Red

1 MFLEAVVLTV ALVAITGTQA EVTIDOVANY MUDYFTOLSN NAKEAVEQLQ

51 ETDWTQOLNT LFQLELGHMIN TYADDLCHNEL VPFAWQLSGH LTEETERVERE
101 EIQEELEDLE ANMMPHANEYV SQNFGDNVOK LOQEHLRFYAT DLOQAQIMADT
151 QDMERQLTFY IQRMQTTIQD NVENLQISZMV FFANELKEKF MNONMEGLEGQ
201 LTFRAWNELEL TIDOQNLEDLE SRLAPLAEGY QEFLNHOMEG LAFQHEFITAE
251 ELQTEVSTNI DQLOFWNLAPL WEDWVQIKLEG NTEGLOQESLE DLINEQLDOQOW
301 EVFRRAVEFL GDEFNMALLWVQ QHEKFROQLG SD3IGDVESHL SFLEFNLEREE
351 W3ISFM3TLOQK EGIPDOPLAL FLPEQWOQEQV QECWVOFKFPLE 3
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Transthyretin
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PMEF of transthyretin (top). MS/MS spectrum of its 2517.009 peptide (bottom).
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MATRIX
lscivers Mascot Search Results

User : Katie

Email H

Search title : database search

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)
T axonomy : Rattus (39483 segquences)

Times t amp : 22 0Oct 2008 at 04:25:10 GMT

Top Score : 92 for gi|3212532, Chain A, Rat Transthyretin

Probability Based Mowse Score

Protein score 15 - 10*Log(P), where P 1s the probability that the observed match 15 a random event.
Protein scores greater than 58 are significant (p<0.05).

iy
[x]
]

Mumber of Hits
e
E=3
1

T T T T T T T T T T T T
fals] 75 hels]
Probability Bazed Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Protein Summary v | Help
Significance threshold p= |0.05 Wlax. mumber of hits |5

Re-Search All | Search Unmatched |

1. gi|3212532 Mass: 13122 Score: 92 Expect: 2.2e-005 Queries matched:
Chain L, Rat Transthyretin

Protein View

Match to: gi]|3212532 Score: 92 Expect: 2.2Ze-005
Chain A, Rat Transthyretin

Mominal mass (M ): 13122; Calculated pl wvalue: 6.04

NCBI ELAST search of gi|3212532 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Hattus norvegicus
Links to retriewe other entries containing this sequence from NCEI Entrez:

gi| 3212555 from Battus norvegicus
gi| 3212554 from Battus norvegicus
gi| 3212555 from Battus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term =ide of KR unless next residues is F
Numwber of mass values searched: 30

Number of mass values matched: @

ZJegquence Coverage: 73%

Matched peptides shown in Bold Red
1 SECPLMVEVL DAVRGSPAVD VAVEVFEETA DGSWEPFASG KTAESGELHG

51 LTTDEEFTEG WYRVELDTE: YWEALGISPF HEYAFEVVFTA HDSGHRHYTI
101 AALLSPYSYS TTAVVSHPQH
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MATRIX /
lscivers Mascot Search Results

User : Katie

Email

Search title : databhase search

HMS data file : DATA.TXT

Database : HCBInr 20070216 (4626804 segquences; 1596079197 residues)
T axonomy : Rattus (39483 =sequences)

Timest amp : 22 0ct 2008 at 04:28:30 GMT

Protein hits D ogi|136467 Transthyretin precursor (Prealbwnin) (TEPA)

gi|47169510 TPLi: mast cell protease 1-like 2 [Rattus norvegicus]
gi]109503443 PREDICTED: similar to deleted in liver cancer 1 isoform

Probability Based Mowse Score

Tons score 15 -10%LogiP), where P 15 the probability that the observed match 1z a random event.
Individual ions scores » 16 indicate peptides with significant homology.

Individual ions scores > 31 indicate identity or extensive homeology (p=0.05).

Protein scores are derived fromm ions scores as a non-probabiistic basis for ranling protein hits.

Mumber of Hits

T T T T T T T T T T T T T T T T T T
10 0 30 40
Probability Based Mowse Score

Protein View

Match to: gi|3212532 Score: 37
Chain A, Rat Transthyretin
Found in search of DATL.TIT

HNowinal wass (M ): 13122; Calculated pl value: 6.04

NCEI BLAST search of gi|3212538 against nr
Unformatted secquence string for pasting into other applications

Taxonomy: Eactus norvedgicus

Links to retriewve other entries containing this sequence from NCEI Entrez:
gi]| 3212555 from RBattus norvegicus

gi]| 3212554 from Rattus norvegicus

gi| 3212555 from Rattus norvegicus

Fixed modifications: Carbamidomethyl [(C)

Variskble modifications: Oxidation (M)

Clesvadge by Trypsin: cuts C-term side of KR unless next residus is P
Sedquence Coveradge: 19%

Matched peptides shown in Bold Red
1 SECPLMVEVL DAVRGIPAVD VAVEVFEKETL DGSWEPFASG KTALESGELHG

51 LTTDEKFTEG VYRVELDTES YTWEALGISPF HEYAEVVFTA HDSGHRHYTI
101 AALLIPYIYI TTAVVINFPQN
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Murinoglobulin
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MATRIX A
lsciinvers VMascot Search Results

User : Katie

Email H

Search title : database search

Database : HCBInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus (39483 sequences)

Timestamp : 26 Hovr 2008 at 11:06:37 GMT

Top Score : 96 for gi|12831225, Murinoglobulin 1 homoloyg [Rattus norvegicus]

Probability Based Mowse Score

Protein score is - 10¥Log(F), where P is the probability that the observed match is a random event.
Protein scores greater than 58 are significant (p=0.05).

Number of Hits
o

50 73 100
Probability Based Mowse Score

Concise Protein Summary Report

FormatAs | |Concise Pratein Summary = | Help
Significance threshold p= |0.05 Max mumber of hits |500

Re-Search All | Search Unmatched |
1. gi|i128312285 Mass: 166550 Score: 96 Expect: 1=-005 Queries matched: 14

Murinoglobulin 1 howology [Rattus norvegicus]

Protein View

Match to: gi|12831225 Score: 96 Expect: 1e-005
Murinoglobulin 1 homoloyg [Rattus norvegicus]

Mominal mass (M ): 166590; Calculated pI value: 5.68

MNCET BLAST search of gi|12531225 againat nr
Unformatted sequence String for pasting into other applications

Taxonomy: Battus norvegicus

Links to retrieve other entries containing this secquence from NCEI Entrez:
gi|51870614 from Rattus norvegicus

gi| 55562 from Ratbus norvegicus

Fixed modifications: Carbamidowmethyl (C)

Variable modificacions: Oxidation (M)

Cleavacge by Trypsin: cuts C-term side of KR unless next residus is P
MNumber of mass values searched: 18

Nurber of wass walues matched: 14

Sequence Coverage: 9%

Matched peptides shown in Bold Red

1 MEFKNREAQLC LFSALLAFLP FASLLNGW3K YMWLVPIQLY TETPEKICLH
51 LYHLMETVTW TALSLISQRGT RELFDELVVWD KDLFHCLSFT IFRELPSSEEE
101 ESLDINIEGA KHEFSEREVV LVENEESVVF VQTDEPVYEFP GQIVEFRVVS
151 MDEHLHPLHE LFFPLAYIEDP KMWRIMQWOD IKTENGLEQL SESLSAEPIQ
201 GPYEIVILK(] SGVKEEHSFT VMEFVLPRFG VDVEVPNAIS VYDEIINVTA
251 CAIYTYGKPV PGHVKISLCH GNPSFISETE SACKEEDSEL DNNGCSTOEV
WNITEFQLKEN YLEMHQAFHV MNATVTEEGTG SEF3GSGRIE VERTEMEFLE
351 LEADSHFRHG IPFFVEIRLYV DIKGDPIPNE CQVFIKEAQEAG ¥TMATTTDOQH
GLAEFSIDTS STISGYSLNIK VYHEEESSCI HSSCTAERHAL EEHHTAYAVY
SLIESYIYLD TEAGVLPCNQ IHTWQAHFIL KGOVLGYVLPQ IVFHYLWHMAQ
GIILOTGNHT HQUVEPGWIQV QGNFALEIPY EFSMWPVAEM LIYTTILPDGE
WVIADSWTFOW EECLRNEWHL SESPSQSLPA SOQTHMRWTALS PQSLCGLEAV
DQ3VLLLEPE AELSPSLIYD LPGMQDINFI PSSYHPFEDE YDCLMYQPRD
651 TEELTYSVPY GREKDVYRYV RDMGLTAFTMN LKIKHPTYCY EMNMWVLIAP
F01 AVESELSFRG GEFEMMPLGV NKSFLFPEEPF RKDPFPKDFV IETIRMNYFFE
751 TUIWDLYTWVN S3GVTEVENT VPDTITEWEL GALCLSNDTG LGLS3VATLQ
801 AFQPFFVELT MPYSVIRGEL FMLEATVMNY LPTSLPMAVQ LEASPDFTAV
851 PVGNDOQDSYC LGANGRHTSS WLVTPESLGN VNFSWSVEAQ QSPELCGSOQW
901 ATVPETGRED TWVEVLIVEF EGIKEEHTFS SLLCASDAEL SETLSLLLFP
951 TVVEDSARAN FIVMGDILSS AIENTQNLIQ MPYGCGEQNM VLFAFMNITVL
1001 KYLNETOQOLT ERIKSKALGY LEAGYQRELN YKHEDGIVIL FGDHNGQGOG
1051 NTWLTAFVLE SFAQARAFIF IDESHITDAF TWLSRQOKDS GCFRISGILE
1101 NMANKGGVDD EITLSAYITH ALLE3SLPDT DPVVSKALGC LEASWETIEQ
1151 GRMGSFVYTK TLMAYAFALL GNQEERNEIL KSLDEEAIRE DNSTHWERPQ
1201 KPTESEGYLY TPQASSAEVE M3AVVVLARL TAQPAPSPED LALSMGTIEW
1251 LTEQONSHGG FISTODTVVA LDALSEYGLL TFSESQETPL VTIQSSGSFS
1301 QEFQVDNSNE LLLOQOWILFD IPGNTTVSVS GEGCWYAQTT LRYWMFLEEQ
1351 QPAFALEVQT VPLTCNNFEG QNSFQISLEI SYTGIRPASH NVIADVEMLS
1401 GFIPLKPTVK KLERLEHVIR TEVTTNNVLL YLDQVTNOQTL SIFIFIIQODI
1451 FVENLOQPAIV EVYDYYETDE VAFAEYSSPC S3DECHV
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*This identity was chosen as its molecular weight matches the gel.
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Inter-a-inhibitor H4 heavy chain
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PMEF of inter-a-inhibitor H4 heavy chain.

182



MATRIX

Scinvers Mascot Search Results

User : Katie

Email :

Search title : database search

Datahase : HCBInr 20070216 (4626804 sequences; 1596079197 residues)

T axonomy : Rattus {39483 sequences)

Timestamp : 22 Oct 2008 at 04:15:25 GHMT

Top Score : 61 for gi|9506819, inter-alpha-inhibitor H4 heavy chain [Rattus norvegicus]

Probability Based Mowse Score

Protein score 1z -10*Log(F), where P is the probability that the observed match is a random event.
Protein scores greater than 58 are significant (p<=0.03).

Number of Hits

o T T T T T T T T T
fata] g7.5 1]
Probability Based Mowse Score

Concise Protein Suminary Report

Format As |Concise Protein Summaryj Help

Significance threshold p= |0.05 Max. number of hits |5

Fe-Search All | Search Unmatched |

1. gi|59506819 Mass: 103555 Score: 61 Expect: 0.03 Queries matched: 5
inter-alpha-inhibitor H4 heawvy chain [Rattus norvegicus]

Protein View

Match to: gi|9506819 Score: 61 Expect: 0.03
inter-alpha-inhibitor H4 heavry chain [Rattus norvegicus]

Mominal mass (M ): 103885; Calculated pl wvalue: 6.08

NCBI BLAST search of gi|395068159 against nr

Tnformatted sequence string for pasting into other applications

Links to retrieve other entries containing this sequence from WNCEI Entrez:
gi| 2292955 from Rattus norvegicus

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residues is P
MNurber of mass values searched: 6

MNumber of mass values matched: 5

Sequence Coverage: 3%

Matched peptides shown in Bold Red

1 MESPALAPAHMW NIVLVLLSLL AVLPITTTEE NGIDIYSLTV DIRVISRFLH
51 TVWTSEVWHER ADTVQEATF(Q VELPREAFIT NFIMIIDGVT ¥YPGLSKRRLE
101 PEATHCCCGR GESAGLVETT GRETEQFEVI VNVAPGSKTT FELIYQELLQ
151 RELGMYELLL EVRFEQLVEH LOMTSTSLSF QGISTLETES TFMTQELAML
201 LTTSONETEA HIQFEPTLS(Q QREICNEQDT VLDGDFTVRY DVDRISSTGGY
251 LOIENGYFVH HFAFPEDLPTHM AFNVLFVIDE 3GSMAGKEIQ QOTREALIKIL
301 EDLITQDOQFN IIVFIGEANG WEQLLVQATE ENLMNRAVDYA JKIPAQGGTN
351 INKAVLZAVE LLDEZNOQAEL LP3ESVSLII LLTDGEPTVG ETHNPEITIQEN
401 TQEAINGRYS LFCLGFGFDV NYPFLEELAL DNGGLARRIY EDZDIALOLO
451 DFYQEVANFPL L3SVTFEYPS NAVEDVTRYN FQHHFEGIEM WVAGELRDQG
501 PDVLLAKWVIG QMHLQNITFQ TEAZITAQOEK EFQGPEYIFH NFMERLWALLL
551 TIQQOLEQRI ZASGAELEAL EAQVLNLSLE YNFUVTPLTHM WWTEPEDQEQ
601 FOVAEEPTEV DGGVWIILIL VORHFETPTT G3IKLLT3ELE GNREFOTLSRL
631 GDGLVGIRQY MPPPGLPGPF GLPGPPGPPG HPHFASSIDY GRQPILGREVL
701 DLPSLS3QDP AGPSLAMLPE VWEQEGTTPE ESFMNPDHPRAL PTIILPLPGS
751 GVDQLCVDIL HIEEPMELFV DINQGLEVWG EYEEMIGFSW IEVTILEFPHL
801 QOVHATFERLV WTRGEENSEY EWEETLF3VL PGLEMTMDET GLLQLSGPDE
851 VTISLL3LDD PQRGLMLLLM DTHHFSNDIT GELGQFYQDI IWDDTEQTVE
901 VLGIDYPATR ELELZYQDGF PGTEISCUTV KI
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Gastric cancer has significant morbidity and mortality worldwide and locally. Good prognosis
relies on an early diagnosis. However, this remains a challenge due to the lack of specific and
sensitive serum biomarkers for early detection. Hence, there is a constant search for these bio-
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markers for screening purposes. Proteomic profiling enables a new approach to the discovery of
biomarkers in disease. This review presents recent attempts in search of gastric cancer serum
biomarker using proteomics. Different methodologies and different types of samples were
employed by different groups of researchers. Major difficulties were encountered in the discovery
processes, including interference from abundant proteins and continuous changing serum pro-

teomes from different individuals.

Keywords:
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1 Introduction

Gastric cancer is the fourth most common cancer and the
second most cause of cancer-related death worldwide. Gas-
tric cancer accounts for nearly 1000 000 new cases and over
850000 deaths annually [1]. In Hong Kong, stomach cancer
ranks as the sixth most common cancer (Figs. 1 and 2).
According to the official statistics in the year 2003, there were
1005 new stomach cancer cases and 680 deaths in that year.
Among them, there were 635 new cases in men and 416
deaths in men, and 370 new cases in women and 264 deaths
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in women. The mortality: incidence ratio of stomach cancer
of men and women were 0.66 and 0.71, respectively. This
ratio is higher than the overall mortality: incidence ratio of all
cancers, which were 0.61 and 0.45 for men and women,
respectively. Therefore, in the context of Hong Kong, these
figures show patients with stomach cancer have a poor
prognosis and thus a higher chance to die from it as com-
pared to the other kinds of cancers [2].

In the United States, it is estimated that there were
22 280 new cases of stomach cancer and 11 430 stomach
cancer related deaths in 2006 (American Cancer Society.
Cancer Facts and Figures 2006. Atlanta, Ga: American Can-
cer Society 2006. Available online (http://www.cancer.org/
docroot/PRO/content/PRO_1_1_Cancer_Statistics_2006_
presentation.asp. Last accessed 3rd July 2007)). It ranks 14th
in incidence among major types of cancer malignancies.
According to the American Cancer Society, the overall survi-
val rate in these patients at 5 years ranges from almost no
survival for patients with disseminated disease to almost
50% survival for patients with localized distal gastric cancers
confined to respectable regional diseases. However, even
with the apparent localized disease, the 5 years survival
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Figure 1. Leading cancer cases in Hong Kong 2003.
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Figure 2. The ten major causes of cancer deaths in Hong Kong
2003.

rate of patients with proximal gastric cancer is only 10-15%.
Although the treatment of patients with disseminated gastric
cancer may result in palliation of symptoms and some pro-
longation of survival, long remissions are uncommon
{American Cancer Society. Cancer Facts and Figures 2006.
Atlanta, GA: American Cancer Society 2006. Available online
(http://www.cancer.org/docroot/PRO/content/PRO_1_1_-
Cancer_Statistics_2006_presentation.asp. Last accessed 3rd
July 2007)).

Gastric carcinogenesis is a continuous process leading
from nonatrophic gastritis to glandular atrophy, to meta-
plasia and dysplasia, and finally to adenocarcinoma [3].
There are a number of factors that are acknowledged to
increase the risk of having gastric cancer [4-6]: helicobacter
pylori gastric infection; advanced age; male gender; diet
low in fruits and vegetables; diet high in salted, smoked, or
preserved foods; chronic atrophic gastritis; intestinal meta-
plasia; pernicious anemia; gastric adenomatous polyps;

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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family history of gastric cancer; cigarette smoking; Mene-
trier's disease (giant hypertrophic gastritis); and familial
adenomatous polyposis. Gastric cancer is often asympto-
matic or causes only nonspecific symptoms in its early
stages. By the time when more severe symptoms occur, the
cancer has usually metastasized to other parts of the body,
which counters for its poor prognosis. Early detection and
accurate preoperative staging of an early gastric cancer
offer the best prognosis and are essential for planning
optimal therapy. However, there is currently no specific
and sensitive biomarker for its early detection. Thus, there
is a need for finding specific biomarkers for diagnostic
screening purposes.

Nowadays, endoscopic evaluation is frequently used
and is the golden standard for diagnosis of gastro-
intestinal neoplasm. However, endoscopy is an invasive
procedure. The cost effectiveness of this aggressive
approach remains questionable. Further, this invasive
method is time-consuming and is not suitable for large-
scale screening purposes. These catalyze the need for
finding suitable gastric cancer biomarkers and preferably
in blood samples.

Studies using genomics approach to screen for cancer-
related biomarkers have been launched for decades. How-
ever, there are still questions about the correlation between
the expression levels of mRNA and the corresponding
changes in expression levels of proteins expressed. One
gene may express multiple proteins, with multiple biologi-
cal functions. The proteins expressed from the genes may
have different isoforms and may undergo a variety of
PTMs which may be important in the carcinogenic pro-
cesses. That is why only a handful of genes were approved
by FDA for cancer diagnosis purposes. In USA and Hong
Kong, there is no gene that had been approved for diag-
nosis of stomach cancer. Currently in our hospital systems
in Hong Kong, there is no specific biomarker available for
large-scale screening of gastric cancer either. The obvious
alternative is the proteome approach. Being the final form
of gene products, proteins are most directly related to bio-
logical functions, and more responsive to physiological and
disease states.

2 Proteomics approach in finding disease
biomarkers

The most frequently used gastric tumor markers are carci-
noembryonic antigen (CEA), CA 19-9, and a-fetoprotein anti-
gen (AFP). However, they are not sensitive biomarkers as only
a modest proportion of patients with gastric cancer have ele-
vated levels of these proteins. As elaborated earlier, there is a
strong need to find specific biomarkers for gastric cancer for
large-scale screening purposes. (The proteomic approach in
finding biomarkers have some success in cancers of the blad-
der [7], prostate (7, 8], ovary [9], breast [10], and liver malig-
nancies [11]). However, it is slow in the gastric cancer front.
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3 Perspectives of proteomic approach in
the discovery of serum biomarkers of
gastric cancer

Serum, being the best protein sample representative of the
whole body condition, is a favorite sample for investigation.
It is easily accessible with low degree of invasiveness. The
possible presence of serum biomarkers rest on the hypothe-
sis that blood/plasma/serum contains tens of thousands of
different proteins, along with their cleaved or modified
forms, is a reflection of ongoing physiological and patholog-
ical events in the body. Specifically, when blood and/or
lymph perfuse the carcinogenic tissues, it will carry “neo-
plasm-related” proteins and protein fragments, passively or
actively, into the systemic circulation. The complex chem-
istry of the tumor-host microenvironment and/or reactions
of the body to the neoplasm should generate unique sig-
natures in the blood microenvironment. Therefore, dis-
covery of these specific patterns — specific serum biomarkers,
can be used to screen patients with early gastric cancers.

Some researchers compared serum proteomes from
patients having cancers with those from controls. Any dif-
ferentially expressed proteins will be taken as possible can-
didates of gastric cancer serum biomarkers. Some other
researchers compared proteomes from gastric tumor tissues
with those from matching samples either taken from the
same patients or with sex- and age-matched controls, Quan-
tities of differentially expressed proteins identified in the
gastric tumor samples will then be measured in the patients’
sera. It is usually hoped that these proteins will also be
increased in blood/serum. Generally, in this comparative
proteomic approach, it is hoped that the proteins found are
either secretory proteins from the tumor so that they will go
out into blood, or the proteins are specific surface proteins in
the tumor which will leak out into blood. However, most of
these studies were retrospective in nature and the patient
samples were from those who have already been diagnosed
of having gastric cancers. Therefore, the diagnostic values of
these serum biomarkers found had to be validated.

4 Serum sample analysis

Because of historical reasons, the classical approach for ana-
lyzing serum proteomes is 2-DE followed by MALDI-TOF
MS. Ebert et al. [12] used this combination to screen for
potential biomarkers for gastric cancer. They screened gast-
rectomy specimens obtained from ten consecutive patients
with gastric cancer. After enriching an epithelial cell fraction
of these samples, these cells were resolved by 2-DE. They
compared the cancer-proteome to that obtained from
matched normal nonmalignant mucesal preparation. One
hundred ninety-one differentially expressed protein spots
were found by 2-DE and identified by MALDI-TOF MS.
Among the 191 differentially expressed protein spots that
were identified, cathepsin B was found to be overexpressed
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in 60% of cancer patients (The other proteins that were listed
in the publication are shown in Table 1). Western blotting
confirmed that the active form of cathepsin B was over-
expressed, while immunohistochemistry showed strong
cytoplasmic staining in cancer tissues of 98% patients. The
serum level of cathepsin B was then determined. Among 149
patients tested, 148 patients had cathepsin B in their serum.
Further, the serum levels of cathepsin B were significantly
higher in gastric cancer patients (mean concentration
129.41 * 79.55 pmol/L) compared with control patients
without evidence of a malignant disease (mean
56.92 * 67.4 pmol/L; p = 0.0026). Besides, there was also a
significant association with the size of the primary tumor
and the presence of distant metastases. Furthermore, high
cathepsin B serum levels were also associated with a poor
survival in patients undergoing cancer surgery (8]. However,
as this study is retrospective in nature, upregulated proteins
such as cathepsin B are not early diagnostic biomarkers.
They are rather prognosis biomarkers. Further, cathepsin B
is also overexpressed in other cancer patients, eg., with
prostate cancer [13], colon cancer [14], breast cancer [15], etc.
Its potential as a specific biomarker for gastric cancer is yet to
be confirmed.

Because of limitations over availability of human sam-
ples (e.g., date and time of collection, drugs administered,
heterogeneity due to difference in diet, race, age, etc.), some
researchers resorted to use animal models. Juan et al. [16]
used the cancer-cell.nude mice injection model. They
screened sera samples of nude mice that had received xeno-
transplants of human gastric cancer cell line SC-M1. One
month after inoculation of tumor cells, plasma was collected
for proteomic analysis using 2-DE and MALDI-TOF MS, The
plasma proteomes were compared with those obtained using
plasma from the untreated mice. Various acute phase pro-
teins such as haptoglobin and serum amyloid A (SAA) were
found to be differentially upregulated in tumor-bearing
mice. Furthermore, by using immunohistochemistry, SAA
and haptoglobin were found to originate from the mouse
hosts and not from the human cancer cell line donors.
Upregulation of SAA was further confirmed in the serum
samples obtained from patients with gastric cancer. One of
the concerns of this study, however, is the fact that injection
of PBS into these nude mice was taken as controls to those
nude mice receiving the human cancer cells. Instead of
using PBS, injection of some noncancerous cell lines should
have been used as control. SAA is a known acute phase pro-
tein that is related to inflammation. Whether SAA produc-
tion in the SC-M1-injected nude mice is due to rudiment ac-
tivities of their much impaired immune system is currently
unknown. Further, there was no absorption procedure to
remove abundant serum proteins such as albumin. There.
fore, major abundant proteins including SAA, were seen
overexpressed in the 2-DE gels of these patients. Despite of
the above concerns, in a follow-up study by the same group,
Chan et al. [17] attempted to reiterate that SAA level is really
increased in gastric cancer patients by measuring serum
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Table 1. Proteins found to have an altered expression level in patients with gastric cancers

Reference Protein Expression®

Ebert et al. [12] Cathepsin B
Myosin light chain alkali, nonmuscle isoform/myosin light chain alkali, smooth-muscle
Proteasome activator hPA28 B-subunit
Enhancer of rudimentary homolog
PDZ and LIM domain protein 1
Transitional ER ATPase
Gastricsin precursor
CA11 protein
Peroxiredoxin 2
Cathepsin E precursor
BC007716) unknown/{AF058954) GTPspecific succinyl-CoA synthetase f-subunit
ATP synthase D chain
Complement component1, Q subcomponent binding protein
Dihydrolipoamide dehydrogenase, mitochondrial precursor
Electron transfer flavoprotein-ubiquinone oxidoreductase
Fumarate hydratase, mitochondrial precursor
NADH-ubiquinone oxidoreductase 42 kDa subunit
Succinate dehydrogenase (ubiguinone) flavoprotein
150 kDa oxygen-regulated protein precursor

Juan et al. [16] Haptoglobin
SAA
Chan et al.[17] SAA
Liu et al. [19] Complement C4-B precursor
CFI
Haptoglobin
Ryu et al. [20] NPS3
Transgelin
Prohibitin

HSP27 and variant

Protein disulfide isomerase A3
Glucose-regulated protein
Apolipoprotein A-1

P20

Nucleoside diphophate isomerase A
a-1-Antitrypsin

Desmin

Serum albumin

Serotransferrin

He et al. [21] Cytokeratin 8
Tropomyosin isoform
Enolase 1
Trisoephosphate isomerase
Phosphoglycerate mutase 1
Pyruvate kinase
Chaperonin containing TCP1
HSP60
Heat shock cognate 71 protein
Protein disulfide isomerase
Translation elongation factor EF-Tu
Prohibitin
Cytokeratin 20
x-1-Antitrypsin
Apolipoprotein A-1
GMP reductase 2

— e = =% —h —F —h —F —F —h —F —F —F —F —F e — f— — — — — —F —h = —h = —F e e —h —h  —h b e e e b A — — — = — — — — —F —F —F — —F —F
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Table 1. Continued
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Reference

Protein

Expression®

Oien et al. [22]
Yoshihara et al. [23]

Chen et al. [24]

Nishigaki et al. [32]

Melle et al. [33]
Takikawa et al. [35]

Creatine kinase B
Selenium binding protein 1
Carbonic anhydrase |
Carbonic anhydrase l|
AMP-18 (Gastrokine 1)

Gastrokine 1

Manganese superoxide dismutase
Nonhistone chromosomal protein HMG-1
Carbonic anhydrase |

Carbonic anhydrase |l

Gastrokine 1

Aspartate aminotransferase 2 precursor
GST

Catecholamine-O-methyltransferase
Protein disulfide isomerase
2-1-Antitrypsin precursor

Heat shock 27 kDa protein
Haptoglobin precursor

Desmin

Albumin

3-mercaptopyruvate sulfurtransferase
Calreticulin

ATP synthase -subunit

Annexin 5

Bisphosphate 3-nucleotidase

Microtubule-associated protein, RP/EB family, member 1
GST

Heat shock 27 kDa protein 1

MADS box transcription enhancer factor 2, polypeptide C
Nicotinamide N-methyltransferase
UDP-glucuronosyltransferase

ApoA-| binding protein

Serum amyloid P component precursor

CA11 protein

ATP-dependent proteolytic subunit Escherichia coli homolog
Cytochrome ¢ oxidase subunit Va

Tumor RMS cell line RD specific product

Enoyl Coenzyme A hydratase 1, mitochondrial and peroxisomal
Serine proteinase inhibitor, clade B (ovalbumin), member 1
Ferritin, heavy chain

Cytosolic inorganic pyrophosphatase

Mitotic checkpoint protein isoform MAD1a
Mannose-6-phosphate isomerase

Pepsinogen C

Interferon-induced Mx protein
Glycyl-tRNA synthetase
Flavoprotein unbunit of complex Il
Ts11 cell cycle protein
Tyrosyl-tRNAsynthetase

Keratin 5

Transfer RNA-Trp synthetase
Adenylate kinase 2

Pyruvate kinase

Cytokeratin 8

e e o —p —p — —p = = A A e e e e e e e e e = = —p —p —p —p = = — — = —F —F —F —F — = = e = b o = —F —F b = e — — —
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Table 1. Continued
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Reference Protein

Expression®

Dihydrodiol dehydrogenase isoform DD1
Annexin |

Annexin A2, isoform 2

Carbonic anhydrase Il

Lee et al. [39] z-1-Antitrypsin

— o

a) 1 overexpression, | underexpression.

levels of SAA in these patients using an ELISA assay. Two
groups of patients: (a) ninety-six gastric cancer patients
before and after curative gastrectomy and (b) 32 patients with
gastric ulcers and 52 healthy subjects as controls, were test-
ed. These authors found that the mean SAA concentration
was higher in gastric cancer patients (88.54 * 50.44 mg/L)
than in healthy subjects (3.36 * 2.29 mg/L) and gastric ulcer
patients (10.48 * 8.97 mg/L) (p<0.05). The SAA concentra-
tion was associated with tumor stage (p = 0.0244) and loca-
tion (p=0.0016) but not with Lauren’s histological type
(p=0.839). With 2-DE and subsequent MALDI-TOF MS,
they also found that SAA is overexpressed in serum samples.
During patient follow-up studies, the mean SAA concentra-
tion was found to increase significantly in 24 patients with
tumor recurrence (p<<0.05) but did not change in 77 patients
without recurrence. In the survival analysis, patients with
SAA levels >97 mg/L had a nearly four-fold increase in risk
of death. Validation of the upregulation of SAA was done by
immunohistochemical staining which showed visible
immunoreactivity on resected tumor specimens from
patients with gastric cancer. They demonstrated that SAA
was useful in predicting survival of patients with gastric
cancer, and was a valuable tool for postoperative follow-up
[17). They also recommended that as the sensitivity of SAA
was higher than that reported using conventional tumor
markers for gastric cancer, SAA might be a useful new bio-
marker for detecting gastric cancer [17).

Another group, Liang et al. [18] implemented the use of
SELDI on serum samples aiming to discriminate between
gastric cancer patients and healthy controls with peptide
mass fingerprints. They found three peak masses that were
differentially expressed in patients with gastric cancer. The
intensities of peaks at 5084 and 5910 Da were significantly
higher in sera from patients with gastric cancer. Conversely,
the peak at 8691 Da in sera from patients with gastric cancer
was markedly reduced in intensity when compared with that
of controls. Although the findings are interesting, applica-
tion value of these data is limited unless identities of these
peak masses can be found.

Back to the criticism that only abundant proteins in the
plasma proteome were found, Liu et al. [19] employed an
immunoaffinity removal method to clear most of the
highly abundant proteins from serum samples from gas-
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tric cancer patients. Subsequently, three proteins including
complement C,-B precursor, complement factor I (CFI)
precursor, and haptoglobin precursor were found to be
differentially expressed in sera from gastric cancer patients
when compared with that of healthy controls, Further vali-
dation by Western blotting showed that CFI precursor was
underexpressed in gastric cancer sera when compared to
normal sera. The diagnostic value of these protein bio-
markers have to be validated from large-scale longitudinal
studies.

5 Tissue sample and fluid analysis

Human gastric tissues are also widely used in the search for
differential protein expression. As mentioned earlier, it is
generally envisioned that some gastric cancer specific pro-
teins that were found in tissue samples may also leak into
blood. These proteins or fragments of these proteins can
then be used as serum biomarkers for gastric cancer. With-
out any abundant proteins removal methodology in place,
Ryu et al. [20] used 2-DE to analyze human cancer tissues and
140 protein spots were identified. A comparison of stomach
cancer tissue with normal tissue from the same patients
showed that seven upregulated proteins, namely: NPS3,
transgelin, prohibitin, heat shock protein (HSP) 27 and var-
iant, protein disulfide isomerase A3, an unnamed protein
product, and glucose-regulated protein were overexpressed.
In addition, another seven proteins were underexpressed,
namely: apolipoprotein A-1, p20, nucleoside diphophate
isomerase A, a-1-antitrypsin, desmin, serum albumin, and
serotransferrin. It is uncertain why levels of serum albumin
detected were also decreased. Further, the authors neither
discuss the possible reasons why specific proteins are up- or
downregulated nor suggesting the use of any of the differ-
entially expressed proteins as specific biomarkers. However,
it should be stressed among the proteins found to be differ-
entially expressed, increased expression of HSP27 is also
found by others (see below).

Another group, He et al. [21] also employed 2-DE to ana-
lyze primary gastric cancer tissues. Compared to nontumor
tissues, multiple protein alterations were observed in tumor
tissues. These included variations in the expression of cyto-
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skeleton proteins, including an increase in cytokeratin 8, and
a tropomyosin isoform as well as a decrease in cytokeratin
20. Co-upregulations of HSPs and glycolytic enzymes were
also observed in tumor tissues. According to the authors,
these upregulation indicate self-protective efforts of cells and
the growing energy requirement during malignant transfor-
mation. Downregulations were also seen with proteins
involved in cell proliferation and differentiation, such as
GMP reductase 2, creatine kinase B, and proteins bearing
potential tumor suppressor activities, including prohibitin
and selenium binding protein 1. More interestingly, a hu-
man stomach-specific protein, 18 kDa antrum mucosal pro-
tein (AMP-18 with NCBI Accession number = 26000208,
AAN75447 and experimental M,/pl=20kDa/6.0), was
found to be dramatically underexpressed in cancer tissues.
According to the authors, the decreased AMP-18 production
implicates a possible special pathological role for this protein
in gastric carcinogenesis [21]. In the same year, Oien et al.
[22] reported that this AMP-18 was also downregulated in
their cohort of gastric cancer patients. According to these
authors, the protein was renamed as gastrokine 1 by the
Human Gene Nomenclature Committee in 2003. The
authors found that gastrokine 1 was highly expressed in
normal stomach, where it was located in the superficial/
foveolar gastric epithelium, but was absent from gastric car-
cinomas. Further, gastrokine 1 was found only in epithelia
showing gastric metaplasia, e.g., Barrett's oesophagus, the
ulcer-associated cell lineage and ovarian mucinous neo-
plasms. Although there is no solid proof, these authors
speculated that gastrokine 1 (also called CA11, AMP-18, or
foveolin (FOV)) has a role in mucosal protection. Further re-
search is required to see if gastrokine 1 could be used as a
specific cancer biomarker.

Yoshihara et al. (23] also tried to minimize individual
variations by studying protein alternations between tumor
and nontumor tissues from the same gastric cancer patients.
It was found that a nonhistone chromosomal protein called
high-mobility group-1 protein (HMG-1) was elevated in
tumor tissue, HMG-1 is a DNA-binding protein that reg-
ulates the transcription of various genes and the structural
stabilization of chromosomes, It was reported to be asso-
ciated with carcinogenesis and metastasis in colorectal and
breast cancer. On the other hand, these authors reported a
remarkable decrease in the level of FOV precursor (FOV,
Accession number = 38488935; AAR21211 with M,/
pl=20kDa/5.7). This is the same protein that was called
gastrokine 1 in the report by Oien et al. [22]. RT-PCR was
performed and the results revealed significant down-
regulation of FOV mRNA expression in tumor tissues [23].
Hence, results of Yoshihara et al. reinforced observations
made by He et al. [21] as well as Oien et al. [22]. Therefore, a
decrease in gastrokine 1/FOV may be used as a specific phe-
nomenon for the occurrence of gastric cancer. However, how
is gastrokine 1 compared to pepsinogen C (see below) in
terms of being better gastric cancer specific biomarker is
currently unknown.
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Chen et al, [24] used a well described N-methyl-N'-Nitro-
N-Nitrosoguanidine (MNNG) intoxicated Wistar rat gastric
cancer model to investigate the protein profiling of carcino-
genesis and metastasis in the induced gastric cancer tissues.
After 2-DE and MALDI-TOF MS analysis of the cancer tis-
sues and matching normal tissues, they found that 11 pro-
teins were upregulated and two proteins were downregulated
(Table 1). In particular, the overexpression of HSP27 in gas-
tric cancer was confirmed by immunohistochemical analysis
of human gastric cancer specimens, HSP27 is a known mo-
lecular chaperone with an ability to interact with a large
number of proteins [24, 25]. It was said that its production is
accelerated in nonphysiological conditions and it will aid cell
survival. Thus, it was speculated that overproduction of
HSPs could protect malignantly transformed cells from
apoptotic cell death and fosters resistance to chemother-
apeutic agents and irradiation [26, 27]. Its expression is
associated with poor prognosis [28]. However, higher
expression of HSP27 protein had been previously reported in
liver, breast, colon, and gastric cancer [20, 28-31]. Therefore,
HSP27 may not be a specific biomarker for the occurrence of
gastric cancer.

After proteomic analysis of 14 paired samples of gastric
carcinomas and corresponding noncancerous gastric muco-
sae, Nishigaki et al. [32] found nine proteins with an
increased expression and thirteen with a decreased expres-
sion in gastric cancer. The two most notable groups included
proteins involved in mitotic checkpoint (MAD1L1 and EB1)
and mitochondrial functions (CLPP, COX5A, and ECHI).
These results suggested that there were links between dys-
functions in these processes and gastric carcinogenesis.
More importantly, immunohistochemical analyses con-
firmed that the levels of expression of MAD1L1 and CYR61
were decreased in gastric carcinoma tissues while HSP27
was increased in gastric carcinoma tissues. On the other
hand, Melle et al. [33] applied laser capture microdissection
and SELDI-TOF/MS on tissue samples. They analyzed 74
cryostat sections of central gastric tumor, tumor margin, and
normal gastric epithelium. Pepsinogen C was the one peak
that was found to be significantly downregulated in tumor
tissue. It should be stressed that although it is generally
accepted that pepsinogen A and C reflect the functional and
morphological status of the gastric mucosa and serum pep-
sinogen test had been used for screening of the occurrence of
gastric cancer; pepsinogen C level is normally constant. After
an extensive review of the data in (Japan, Miki [34]) con-
cluded that the pepsinogen test method can be used as a
screening test for identifying high-risk subjects, rather than
as a tool for screening for cancer itself!

Given the retrospective nature of most gastric cancer
biomarkers studies discussed above, researchers had tried to
improve quality of the data with samples from gastric cancer
cell lines. Takikawa et al. [35] used 2-D-DIGE coupled with
MALDI-TOF MS to identify specific proteins differentially
expressed between a highly metastatic stomach cancer cell
line MKN-45-P and its parental cell line MKN-45. It was
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hoped that the results could be informative and be applied in
large-scale validation studies. Their results revealed upregu-
lation of eight proteins (IFN-induced Mx protein, Gly-, Tyr-,
Trp-tRNA synthetase, the flavoprotein subunit of complex II,
the ts11 cell cycle protein, keratin 5, and adenylate kinase)
and downregulation of five proteins (pyruvate kinase, cyto-
keratin 8, didydrodiol dehydrogenase, annexin I, and car-
bonic anhydrase II). It was found that these 13 proteins were
mainly involved in protein synthesis, metabolism, receptor
and signal transduction, the cytoskeleton and cell cycling.
On the other hand, Lee et al. [36] tried to identify the target
antigen of a reportedly stomach cancer specific antibody - the
MG7 mADb using KATO III and MKN-45 gastric carcinoma
cell lines. MG7 antigen was found to be decreased in gastric
cancer patients who underwent gastrectomy. This allowed
MG?7 detection to be used in diagnosis of the presence of
gastrointestinal cancer as well as to evaluate the effectiveness
and treatment outcome after cancer therapy. With the 2-DE
and Western blotting, two proteins of 35 kDa were con-
sistently detected by the MG7 antibody. Followed by MALDI-
TOF MS, these MG7 immunoreactive proteins were identi-
fied as the herterogeneous nuclear ribonucleoprotein A2/B1
(hnRNP A2/B1). Four out of the five gastrectomy samples
from patients with gastric cancer showed positive results in
Western blotting with commercially available hnRNAP A2/
B1 antibodies. However, hnRNAP upregulation is also found
in other types of cancer (37, 38].

Lastly, Lee et al. [39] utilized gastric juice to perform 2-
DE aiming to obtain disease-specific protein expression
patterns. In healthy subjects, pepsin A, pepsin B, and gas-
tric lipase were the major proteins, but were not detected
in 60% of gastric cancer cases. Conversely, an extraordinary
amount of -1-Antitrypsin was observed in gastric cancer
patients, while it is only detected in 5% of the healthy
group [39].

In the studies discussed above, several proteins were
repeatedly found to be differentially expressed in serum or
tissue samples from patients with gastric cancer compared
to nonneoplastic serum/tissue samples. They are apolipo-
protein A-1, o-l-antitrypsin, and HSP27. However, we
knew that apolipoprotein A-1 and o-1-antitrypsin are
abundant proteins that present in human blood. Therefore,
their roles as specific biomarkers for gastric cancer have to
be verified. However, minor proteins such as HSP27 and
hnRNP A2/B1 are not specifically related to gastric cancer.
Taken overall, we are yet to have a specific (set of) early
diagnostic protein biomarker for large-scale screening of
gastric cancer.

6 Difficulties in proteomics in the
discovery of biomarkers
Although researchers are working hard on biomarker

discovery, finding sensitive and specific serum bio-
markers for early diagnosis of gastric cancer still remains
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a daunting challenge. The biggest problem is the pres-
ence of the high abundant proteins which interfere with
the exhibition of some low abundant proteins that may
be very important. It is customary to believe that most of
the clinically important biomarkers are rarely exceeding
in amount. A few proteins such as albumin, immu-
noglobulins, haptoglobin, antitrypsin, and transferrin
constitute around 90% of all protein masses present in
serum samples [40]. Serum samples should therefore be
treated to concentrate these relatively rare biomarkers for
the discovery process. Multiple approaches for simplify-
ing the serum proteome have been done and compared.
The serum fractionation schemes include N-linked gly-
copeptide enrichment, cysteinyl-peptide enrichment,
magnetic bead separation (C3, C8, and WCKX), size frac-
tionation, protein A/G depletion, and immunoaffinity
column depletion of abundant serum proteins. After
comparing with the results obtained from the unfractio-
nated human serum, it was found that the immunoaffi-
nity subtraction is the most effective means for simplify-
ing the serum proteome while maintaining reasonable
sample throughput [41].

Another difficulty for biomarker discovery will be the
intrinsic variation of serum samples within individuals [16].
The proteome pattern of serum depends on a number of
factors, including the genetic background, sex, age, nutri-
tional status, lifestyle, medical treatment, bed rest, etc. The
methods of samples collection, protocols for preparation,
and storage of samples are also extremely sensitive to the
proteome patterns.

Lastly, given the significant research efforts that are in
place worldwide aiming to discover useful cancer bio-
markers, the process is slow and most of the time it is diffi-
cult for biomarkers to translate from discovery to viable clin-
ical screening tools. This is because the validation of a bio-
marker is more difficult and time-consuming than its
discovery.

7 Conclusion

Conventional serum tumor markers are not suitable for the
early diagnosis of gastric cancers. Modern proteomic tech-
nologies have been applied as a powerful tool for discovery of
biomarkers for early diagnosis of gastric cancer. Yet daunting
challenges still have to be overcome before these biomarkers
can be found.
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Introduction

Gastric cancer has significant morbidity and mortality worldwide. According
to the World Health Organization, stomach cancer is the second most cause
of cancer—related death world-wide in 2007, which accounts for 866.000
deaths (1).

No. of deaths (millions)
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Cancer type

Good prognosis relies on early diagnosis. The most frequently used gastric
tumor markers are carcinoembryonic antigen (CEA), cancer antigen 19-9
(CA 198), alpha-fotoprotein antigen (AFP) and human chorionic
gonadotropin (hCG). However, they are not sensitive biomarkers as only a
modest proportion of patients with gastric cancer have elevated levels of
these proteins. Therefore, there is an urgent need for specific biomarkers
indicative of early gastric cancer (2). Major hindrances of biomarker
discovery are the presence of high abundance proteins and the availability
of the early stage gastric cancer samples. Here we attempted to remove the
high abundance proteins in serial serum samples of a well established
experimental gastric cancer model in rats by a customized affinity column.
Differentially expressed proteins were pinpointed by 2DE with subsequent
image analysis. These proteins were than identified by MALDI-TOF-TOF
mass spectrometry.

Methods

The project consisted of three stages: establishment of animal model,
depletion of high abundance proteins, and identification of differential

expressed proteins.
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Gastric cancer had occurred in rats. The X-ay photos were taken and
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The affinity column successfully depletes 99.8% of the high abundance
proteins and therefore, generates a new serum proteome for better
visualization of the low abundance proteins.

Depleted serum

From the results obtained by DIGE, several proteins were found to express
differently between normal and cancer stages. Among the differental
proteins, most of them were up-regulated, while a few were down-regulated.
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Conclusion

Novel protein biomarkers can be used to detect gastric cancer at the early
stage for screening purpose.

(2)K.W.K Lam, S.C.L Lo, Discovery of diagnostic serum biomarkers of gastric cancer using proteomics; Proteomics Clin. Appl. 2008, 2, 219-228
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Abstract

Gastric cancer is the second most common causes of cancer-related death world-wide
in 2007. Good prognosis relies on early diagnosis. Clinical diagnosis is by endoscopy
and biopsy, which are not suitable for large-scale screening. There is a lack of specific
and sensitive serum biomarkers indicative of gastric cancer. Major hindrances of
biomarker discovery are the availability of the early stage gastric cancer samples and
the presence of high abundance proteins (HAPSs) in the serum samples. In this project,
gastric dysplasia, an early stage of gastric carcinogenesis, was induced in Wistar rats
using a chemical carcinogen, MNNG. Possible occurrence of gastric lesion was
examined by high resolution X-ray mammographic unit with double contrast
enhancement, and confirmed by histopathological examinations on the gastric tissues.
Serial rat serum samples were collected during the induction process. On another front,
antibodies to normal rat serum were raised in chickens before being purified by
established technologies. An affinity column was generated using these antibodies.
Subsequently, serial rat serum samples of interest were loaded on to the customized
affinity column in order to deplete HAP in the serum samples. DIGE labeling was
performed on the depleted serum samples. Differentially protein expressions were
compared using serum samples from rats with dysplasia and adenocarcinoma as well
as normal control. A total of 16 proteins were found to be differentially expressed
(differed at least by 5 folds). Identification of these differentially expressed proteins
by MALDI-TOF mass spectrometry is currently in progress.



