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Abstract

The use of synthetic hydroxyapatite as bone substitute calls for the knowledge of the
influence on adjacent cells. The aim of this study was to investigate the proteins with differential
protein expression levels in the proteome of human osteoblast cell line incubated separately with
various nano sized hydroxyapatite powders with different shapes and chemical compositions using
ITRAQ coupled 2D LC MS/MS approach. In the present study, we investigated several intracellular
signaling molecules involved in calcium regulation to analyze how osteoblast cells respond to
dissimilar HA nanoparticles. It was found there was a significant decrease in cell population after
adding the HA nanoparticles to the osteoblasts. Our results combining proteomics analysis and RT-
PCR validation on targeted genes involved in calcium regulation confirmed the differences in the
cellular response to dissimilar HA nanoparticles.
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1. Introduction

The majority of bone consists of extracellular matrix proteins and the mineral hydroxyapatite
(HA). HA has been well characterized chemically and mechanically as its benefits are demonstrated
in both short- and long-term clinical results [1-5]. It does not induce local or systemic toxicity,
inflammation, or foreign body response, or intervening fibrous tissue between implant and bone. The
biocompatibility of HA have evaluated with the use of simple immersion tests in simulated body
fluids with ionic concentration, showing that formation of apatite deposition on the surface of the
material immersed in the fluid. The precipitated apatite layer is desirable to result in the formation
bond between bone and materials. However, it also should consider carefully about the loosening HA
particles production and accumulation from the prosthetic implants which limits the longevity of
prosthesis [6, 7]. Aseptic loosening after total joint arthroplasty is a major problem in orthopedic
surgery. It is due to an osteolysis resulting from oasteoclast activation by the cytokines and growth
factors synthesized by the macrophages which phagocytosed the wear debris [1, 8]. It has been also
documented numerously that the use of synthetic HA as bone substitute has called for the influence
on the adjacent cells in vitro [8-11]. Interactions of bone cells with HA surfaces are mediated by
adhesion receptors belonging to the integrin family. Many papers dealt with the synthesis of nano-
structured HA, currently one of the most demanding challenges for producing new biomaterials [2-5].
Calcium ions and phosphate ions are essential materials for cell mineralization and suitable
concentrations of calcium and inorganic phosphates in culture media would maintain and/or enhance
cell growth and proliferation. However, the release of particles during the resorption of HA based
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materials has been a cause of concern. The interactions between HA particles and human monocytes
leads to the release of inflammatory mediators [1]. The present report aims to use proteomics
analysis to establish protein profile in osteoblast cells in response to HA, which in turn should
provide helpful information on the possible injurious effects of nano sized HA powder to osteoblasts.
To validate our findings, the expression of several marker genes was analyzed further by RT-PCR.
The potential implications on future design of bone substitutes were also discussed.

2. Experimental
2.1 Nanoparticles preparation

The HA nanoparticles used in this study were prepared according to a previous study [12]. Briefly,
the needle shape HA nanoparticles with phase pure HA was obtained by a precipitation methods
using the chemical reaction of Ca(OH), and H3PO, by adjusting the pH to 9. The spherical HA based
nanoparticles (spherical HA nanoparticles) was synthesized using a radio frequency plasma at the
working power level of 20 kW. The powder morphologies were characterized with a field emission
scanning electron microscope (FE SEM, JEOL 6340F).

2.2 Cell culture

Osteoblasts from a cell line of hFOB 1.19 (ATCC, CRL-11372) were seeded with an initial cell
density of 5x10* /cm? with dissimilar HA nanoparticles at a concentration of 10 mg/ml and incubated
at 37 °C in a 5% CO, atmosphere. The culture medium used for each sample was 10 ml of
Dulbecco’s modified Eagle’s medium/F12 supplemented with 10 volume% of fetal bone bovine
serum and 5 volume % of antibiotics. To determine the cell densities after culturing, the osteoblasts
were detached by trypsinization and counted in a haemocytometer under an optical microscope.

2.3 Cell Lysis, Protein Digestion, and Labeling with iTRAQ Reagents

100 ug of protein samples were collected from the cells after exposure to nanoparticles for 4 days
according to the previous study [9]. After denatured and cysteins blocked as described in the ITRAQ
protocol (Applied Biosystems), each sample was then digested with 20 ul of 0.25 pg/ ul sequence
grade modified trypsin (Promega, USA) solution at 37 °C overnight. The samples were labeled with
the iITRAQ tags as follows: control group, iTRAQ 114; needle shape phase pure HA nanoparticles,
ITRAQ 115; RF plasma prepared spherical nanoparticles, iTRAQ 116. All experiments were carried
out in three independent runs.

2.4 Data Analysis and Interpretation

Peptide identifications were performed using ProlD software packages (Applied Biosystems). The
analysis for the iTRAQ experiments was performed with ProQUANT 1.0. The cut off for the
confidence settings was 75 and the tolerance setting for peptide identification in ProQUANT
searches were 0.15 Da for MS and 0.1 Da for MS/MS. ProQUANT pooled data from all the series of
runs of increasing concentration of KCI in one experiment. All identifications were manually
inspected for correctness. Relative quantification of proteins in the case of iTRAQ is performed on
the MS/MS scans and is the ratio of the areas under the peaks at 114, 115, and 116 Da which are the
masses of the tags that correspond to the iTRAQ reagents. The relative amount of a peptide in each
sample was calculated by dividing the peak areas observed at 115.1, and 116.1 m/z by that observed
at 114.1 m/z.



2.5 Real-time reverse transcriptase-polymerase chain reaction (RT-PCR)

Total RNA was extracted from osteoblast cells in the presence of soluble nano HA powders at the
initial culturing stage of 4 days using RNeasy mini kit (Qiagen) as described [13]. The flow-out
RNA sample after centrifuged was added DNase to remove genomic DNA contamination. The
quantization of RNA was determined by measuring the absorbance at 260 nm (Azs) In a
spectrophotometer. To accurately quantify the original amount of target mMRNAs in samples, Real-
time RT-PCR was applied using iISCRIPT one-step RT-PCR kit (Bio-Rad) as described [13]. The
real-time PCR was carried out in an 1Q 5 multicolor Real-time PCR detection system (Bio-Rad). The
cycling program was: 50°C for 10 min, 95 °C 5min; repeat 40 times the following: 95 °C 10 sec, 60
°C 30 sec. The disassociation analysis was routinely carried out by acquiring fluorescent reading for
one degree increase from 55 °C to 95 °C. Microsoft Excel formatted data including amplification
analysis, experimental report, melting curve analysis and threshold cycle number were provided
automatically by 1Q5 optical system software version 2.0 (Bio-Rad). The fold changes were
calculated as following formula:

Sample ACt=Ct sample-Ct p-actin ;
AACt= Sample ACt-control ACt;
the fold of sample V'S control = 244",

PCR primers were carefully designed to give a product around 150-200 base pairs to reduce the
nonspecific binding of SYBR Green. Actin primers were used as internal controls along with the
primers of gene being analyzed. The primers sequences were shown below:

5-ACTCGTCCCTGATTGCTGTTA-3'(the sense primer for calgizzarin);
5-ACTGGGGTCTGGTTCCTTGTG-3' (the anti sense primer for calgizzarin);
5-AATCTGACCCGGTCGTCTCGT-3' (the sense primer for elongation factor 2);
5-GCGGACACCTCGCCTTTATCG-3' (the anti sense primer for elongation factor 2);
5- AGCCACCGAGACACCATGAGA-3' (the sense primer for osteocalcin);
5-GCAAAGGGACTGCCAGCCAAA-3' (the anti sense for osteocalcin);
5-CTGGTGGAAGGAGGCAGAATT-3' (the sense primer for alkaline phosphatase, AKP);
5-ATGTGAAGACGTGGGAATGGT-3' (the anti sense primer for alkaline phosphatase);
5'-GGTCCAGTCTAGACACTCTTCG-3' (the sense primer for thioredoxin);
5'-CCCACAAGCTTGTCGACTTCC-3’ (the anti sense primer for thioredoxin);
5-CTTAGTTGCGTTACACCCTTTC-3' (the sense primer for human beta-actin);
5-ACCTTCACCGTTCCAGTTTT-3' (the anti sense primer for human beta-actin).

2.6 Intracellular Ca?* Concentration Measurements

A Fluo-4 NW Calcium Assay kit (Invitrogen) was used to measure intracellular Ca** concentration
on a fluorometer (Tecan) following the manufacturer's protocols. Briefly, each of the cells in the
presence of dissimilar HA nanoparticles was cultured separately in a 96-well plate. The growth
medium was replaced with 100 pL/well Fluo-4 dye solution containing probenecid to prevent
extrusion of the dye out of cells. The plate was maintained at 37 °C for 30 min and then at room
temperature for an additional 30 min. The assay was done at 494 nm for excitation and at 516 nm for
emission.



2.7 Statistics

The data shown are representative of three to four separate experiments performed in duplicate, and
values are expressed as means + SD (standard deviation). The differences between various HA
nanoparticles were evaluated by ANOVA. The level of statistical significance was defined as p<0.05.

3. Results and Discussion

To investigate possible injurious effects of nano sized HA powder to osteoblasts, two types of
nano sized HA particles (needle shape and spherical shape) were prepared. Figure 1 showed the
distinct FE SEM morphologies of the nano HA particles prepared for this study. While needle shaped
nano HA particles showed a width of 10-15 nm and length of 80-100nm, the spherical nano HA
particles displayed a wide particle size distribution in the range of 10-100 nm including amorphous
phase, HA, alpha tricalcium phosphate and CaO [12].

Nano-sized HA may lead to higher Ca®* concentration of culture media compared with its
conventional counterpart [14]. An elevated concentration of calcium, resulting from direct addition
of Ca?" ion sources or dissolution of HA nanoparticles, has been shown to lead to decreased
proliferation and/or osteogenic differentiation of mesenchymal stem cells [14]. Cell density
measurement in the presence of the two types of nano HA particles was carried out. Results shown in
Figure 2 indicated that direct addition of HA nanoparticles to osteoblast cultures significantly
affected the cell counts compared to the possible positive effect of Ca®* ions in the media. The cell
populations in the presence of HA particles were significantly lower than those of control groups at
both of 2 and 4 culturing days. The cell counts on the culturing for 4 days between the needle shaped
HA nanoparticles and spherical HA nanoparticles showed some significant difference. This could be
due to the high dissolution possibility of secondary calcium phosphates in spherical nanoparticles
which resulted in the decreased cell exposure to the surfaces of nanoparticles thus leading to
moderate toxicity. Our findings suggested that the decrease in cell number after exposure to the test
material may be used as a marker for the toxicity of the tested materials.

Proteome analysis has proven to be an effective approach to comprehensive analysis of the
regulatory network of differentiation. The information generated from such an analysis could in turn
help in the design of better biomaterials in term of improved biocompatibility. To establish a global
protein profile in osteoblasts in response to a particular type of nano HA particles, the 2D iTRAQ-
coupled LC-MS/MS analysis was used in this study. Results from three independent runs revealed 37
proteins with unused protein score more than 99% confidence with unique peptide contribution
value >2.0 and the fold difference is greater than 1.20 or less than 0.80. According to their cellular
functions, these proteins were subsequently categorized into three groups: cytoskeletal proteins
(Table 1), metabolic enzymes (Table 2) and cell growth proteins (Table 3). In addition, peptide
sequences of these identified proteins was included in Table 4.

As listed in Table 1, the osteoblasts in response to HA nanoparticles showed obvious different
regulations in the cytoskeletal proteins expression levels. Generally, most of cytoskeletal proteins in
the osteoblasts exposed to the needle shaped HA particles showed protein expression levels similar
to those cultured on the polystyrene with the fold difference less than 0.2. However, the proteins
which are major structural proteins of cytoskeleton (actin, vimentin and tubulin) in cells exposed to
the spherical nanoparticles showed a fold changes (either up- or down-regulation) greater than 0.2.
Proteins found to be up-regulated in cells exposed to spherical nano HA particles included vimentin,
actin, tubulin, ezrin, myosin and transgelin. On the other hand, proteins found to be down-regulated
in cells exposed to spherical nano HA particles included filamin-A, filamin-B and talin (Table 1). As
these proteins play a critical role in cell architecture/mobility, the changes in the level of these
cytoskeletal modulations may suggest cellular response to mechanical strain within osteoblasts [15].



Interestingly, an increased talin binding to integrin has been shown to lead to stronger cell adhesion,
thus less cell migration [16]. Similarly, increased filamin binding to integrin receptor has been
associated with an inhibition of cell migration [21]. Since the decreased level in both talin and
filamin was observed in osteoblasts exposed to spherical nano HA particles, our data suggested an
increase in cell migration in these cells as compared with those exposed to needle shaped nano HA
particles. Our result may indicate that the signal transduction from the external environment into the
intracellular domain has brought about structural changes to cells. This transduction may occur
through different biochemical pathways including the activation of a wide variety of intracellular
second messages such as calcium-mediated cell signaling pathways. Another cytoskeletal protein,
transgelin, also showed significant up-regulation in cells exposed to spherical nano HA particles
(Table 1). Transgelin has been shown to bind to actin in vitro and modulate a variety of
physiological processes including motility of cells by interacting differently with the actin
cytoskeleton. Similarly to a recent report, the upregulation of transgelin in our study may point to the
increased motility of osteoblasts exposed to spherical nano HA particles [22]. Taken together, the
changes of protein levels in osteoblasts exposed to spherical nano HA particles suggested an increase
in the migration of these cells.

As shown in Table 2, most of the metabolic enzymes involved in the pathways of glycolysis and
oxidative phosphorylation (except the glycolytic enzyme Glucose-6-phosphate isomerase) showed
relatively higher up-regulation levels in cells exposed to either needle shape or spherical HA
nanoparticles as compared to those in control group. The assessment of glycolytic activity of
osteoblasts is not a standard tool in most of the reports, but might be of value by providing a direct
indicator of cellular metabolism. Enzymes involved in glycolysis and adenosine triphosphate (ATP)
biosysnthesis were generally reported as markers of the energy-demanding differentiation. Their
over-expression was associated to an accelerated glycolysis rate which is expected to affect the
cellular energy metabolism and consequently influences the oxidative phosphorylation rates,
increasing ATP levels.

In addition, as shown in Table 2, the levels of thioredoxin (Trx) acting as antioxidants in the cells
response to HA nanoparticles showed significant up-regulation as compared to those in control group
(over 2 fold for osteoblasts exposed to either the needle-shaped or spherical HA nanoparticles).
Thiroredoxins are low molecular weight (10-12 Kda) proteins with oxidoreductase activity. One of
Trx functions is regulation of apoptosis which is a form of programmed cell death. It is clear that the
antioxidant Trx system is regarded as a tumor-preventing system. This applies not only to the
detoxification of reactive oxygen metabolites but also to signaling processes. Our result indicated the
presence of high content of oxidative stresses in the cells exposure to HA nanoparticles. The
oxidative stress is considered as a key factor for DNA damage, which particularly explains that the
decrease in cell population after exposure to the test nanoparticles through a series of biochemical
events leading to a characteristic cell death [17]. In addition, considering the relatively higher
expressions in the metabolic enzymes, the complexity of chemical components in the spherical
nanoparticles may be more potentially hazardous to the osteoblasts when compared to such exposure
to the needle shape particles.

Table 3 listed the differentially expressed signaling and cell growth proteins in the osteoblasts.
Interactions of bone cells with HA surfaces are mediated by adhesion receptors belonging to the
integrin superfamily that recognize binding domains within proteins of the extracellular matrix.
Integrin-mediated adhesion to extracellular proteins activates multiple cytoskeletal-associated and
intracellular signaling proteins. In the present study, we investigated several intracellular signaling
molecules involved in calcium regulation to analyze how osteoblast cells respond to dissimilar
shaped HA nanoparticles. Two S100 calcium binding proteins, calpactin and calgizarrin, showed
obvious up-regulation in expression. S100 proteins are involved in regulation of protein
phosphorylation, transcription factors, Ca®* homeostasis, the dynamics of cytoskeleton constituents,



enzyme activities, cell growth and differentiation, and the inflammatory response. Calpactin is a
protein providing a link between membrane lipids and the cytoskeleton. Calgizarrin is localized in
the cytoplasm in resting cells and moves to the cell periphery in culture epidermal keratinocytes
following calcium challenge. This movement requires the presence of intact microtubules. Ca*
binding to calgizarrin induces a conformational change that exposes a hydrophobic surface for
interaction with target proteins [18]. Elongation factor-2 is absolutely dependent on the concentration
of Ca®* for activity. In addition, another Ras-related GTP-binding protein which was identified as
HA-inducible gene [19] also showed an obvious upregulation with 1.5 fold expression change in
response to spherical HA nanoparticles. Taken together, these observations suggest that the signals
from HA may modulate several proteins involved with Ca**. The addition of HA nanoparticles with
a concentration of 10 mg/ml (~0.1mM) could not greatly affect the culture media ion concentrations
but microenvironment around the nanoparticles. This could influence the intracellular calcium ions
in the cells live with nanoparticles. Quantification of the ratio of intracellular Ca** concentration in
the osteoblast cells after culturing for 4 days in respond to HA nanoparticles showed about 90.6% in
HA nanoparticles and 84.8% in spherical HA nanoparticles as compared to the readings of control
group (data not shown). Calcium itself is a modulator of intracellular events. The various chemical
components inclusive of HA, amorphous calcium phosphate tricalcium phosphate from spherical
particles may modify several signaling pathways related with Ca** and therefore have significantly
influenced the osteoblast cells activities. The local fluctuations in Ca** may regulate osteoblast
activity during both Ca®* load buffering by bone, where the cells are exposed to large increases in
Ca?*, and remodeling, when the local elevations in Ca?* are more moderate. The changes of calcium
ion concentrations of the microenvironment in which the osteoblasts live can affect the biological
behavior of the seeded in many ways [14]. The mechanisms involved are still unknown.

Analysis of steady-state mMRNA levels for calgizzarin, elongation factor-2 and thioredoxin as well
as the classical markers of osteoblast differentiation, such as osteocalcin and alkaline phosphatase,
was carried out to determine whether changes that were observed in the synthetic and accumulated
levels of the various proteins were regulated at a transcriptional level. The levels of the cytoskeletal
actin mRNA expression were assessed as a control because these proteins did not change in response
to the various exposures to nanoparticles. In this study, we did not expect any obvious side effects
resulting from the various shaped HA nanoparticles but keep the normal osteoblasts behaviors as
those cultured on the Petri dish. As shown in Figure 3, the analysis demonstrated that the calgizzarin
MRNA that encoded for protein showing changes in its accumulation and synthesis also changed in
its mMRNA expression level. In contrast, the expression of cytoskeletal actin mRNA remained
constant. The discrepancy between proteomics and PCR might be sensitivity between two analysis
methods. Actually, there is no quantitative correlation between mRNA and corresponding protein
levels [20]. As shown in Figure 3, the mRNA levels of elongation factor-2 and thioredoxin from the
cells exposure to needle shaped HA nanoparticles showed the gene expression changes were more
than 2-fold. The elongation factor-2 kinase is a negative regulator of eukaryotic mMRNA translation.
This result showed that the rate of peptide chain elongation was increased in the cells exposure to the
needle shape nanoparticles but reduced in those osteoblasts exposure to spherical particles, indicating
that the different solubility of various calcium phosphates phases in the spherical particles may
influence the signal transduction pathways related with calcium regulation.

Osteocalcin is one of the major non-collagenous proteins incorporated in bone matrix during bone
formation. On the other hand, the alkaline phosphatase (AKP) also plays an important role in the
early stage of cell proliferation. The mRNA levels for osteocalcin and AKP increased relatively high
in the cells cultured with the presence of phase pure needle-shaped HA nanoparticles, suggesting that
HA enhances osteoblast differentiation, a useful characteristics for developing an optimum bone-
implant scaffold. However, the spherical particles showed a relatively decrease in the expression of
these differentiation markers. As suggested by Liu et al [14], the variation phosphate concentration



from the nanoparticles may have no effect on the cell differentiation. However, the complexity of
chemical composition (inclusive of HA, TCP, CaO and even amorphous phase) in the spherical
nanoparticles resulting in the greater degree of Ca®* ion release should have significantly influenced
affected the cellular responses by possibly inhibiting the mRNA expression levels as compared to
those cells cultured in the presence of needle shaped HA nanoparticles. In addition, the particle shape
can also contribute modulation of osteoblast gene expression. The potentially interesting hypothesis
is that differences in particle shape, leads to altered surface characteristics that are sensed by
osteoblasts.

4, Summary

This study demonstrated that HA based nanoparticles showed inhibitory effects on osteoblasts by
decreasing the cell populations at the initial culturing stage. The various profiled proteins and genes
expression levels in the osteoblasts were detected in response to the different HA nanoparticles,
suggesting that the chemical components may greatly affect the osteoblast cell activities. Thus
special consideration should be noted to the potential hazards of smaller HA particles degraded from
the HA based materials supplied for clinical use.
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Proteins name Cellular function 115/114 +SD 116/114 +SD
Vimentin Cytoskeleton and internal cell motility 1.08+0.08 1.25+0.09
?‘ég%;g_%@?ﬁ?ic 2 Cytoskeleton and internal cell motility 1.13+0.12 1.37+0.06
Tubulin alpha-6 chain Cytoskeleton and internal cell motility 1.07+0.09 1.29+0.10
Filamin-A Cytoskeleton and internal cell motility 0.96+0.45 0.73+0.17
Talin-1 Cytoskeleton and internal cell motility 0.97+0.32 0.72+0.26
Ezrin (p81) (Cytovillin) Cytoskeleton and internal cell motility 1.08+0.10 1.30£0.11
Ubiquitin Cytoskeleton and internal cell motility 1.13+0.17 1.29+0.08
Myosin light polypeptide 6 Cytoskeleton and internal cell motility 0.97£0.15 1.25+0.13
Filamin-B Cytoskeleton and internal cell motility 0.88+0.25 0.72+0.19
Transgelin Cytoskeleton and internal cell motility 0.92+0.32 1.34+0.53

Table 1
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Proteins names Cellular function 11158/1D14 11168/1[)14
Glyceraldehyde-3-phosphate dehydrogenase Glycolysis 1.04+0.05 1.22+0.03
Pyruvate kinase isozymes Glycolysis 1.13+0.02 1.23+0.03
Peptidyl-prolyl cis-trans isomerase A Dephosphorylation 1.02+0.20 1.28+0.18
Fructose-bisphosphate aldolase A Glycolysis 1.06+0.14 1.30+0.14
ADP/ATP translocase 1 Energy transfer 1.24+0.13 1.28+0.12
Glucose-6-phosphate isomerase Glycolysis 0.92+0.02 0.75+0.01
Protein disulfide-isomerase precursor Protein folding and chaperone 1.03+0.46 0.69+0.19
Thioredoxin Oxidoreductase 2.18+0.15 2.99+0.14

Table 2
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Proteins names Cellular function 115/114 +SD | 116/114 £SD

Annexin A2 (Annexin Il) (Lipocortin Il) (Calpactin I | ooy 1 oriy interaction | 1.08+0.02 1.2040.01
heavy chain)

Histone H2B type F-S (H2B.s) (H2B/s) Chromatin assembly 1.05+0.06 1.22+0.03
Histone H3.1 Chromatin assembly 1.01+0.15 0.63+0.18
Heterogeneous nuclear ribonucleoproteins A2/B1 Protein translation 1.11+0.17 1.53+0.18
Eukaryotic translation initiation factor 5A-1 Protein translation 1.18+0.10 1.28+0.10
Calgizzarin Cell-matrix interaction 1.50+0.18 1.49+0.21
Eukaryotic translation initiation factor 2C 4 Protein translation 0.93+0.30 0.51+0.31
Elongation factor 2 Protein translation 1.55+0.12 1.23+0.09
Chloride intracellular channel protein 1 Cell-matrix interaction 1.12+0.12 1.45+0.12
rl:lllj_'cfeza;:il;?o?;?:le;nh%)r%Hoi%Z T)O bility group-like protein biosynthesis 1.4620.24 1.28+0.15
40S ribosomal protein S12 Protein translation 1.19+0.19 1.28+0.30
Ras-related protein Rap-1b precursor (GTP- Hydrolysis 114+0.23 1.53+0.22

binding protein smg p21B)

Table 3




ProtSc Accession Contrib Conf Sequence

Vimentin

37.23 P08670 2 99 DNLAEDIMR

37.23 P08670 2 99 EEAENTLQSFR

37.23 P08670 2 99 EMEENFAVEAANYQDTIGR
37.23 P08670 2 99 ETNLDSLPLVDTHSK

37.23 P08670 2 99 FADLSEAANR

37.23 P08670 2 99 ILLAELEQLK

37.23 P08670 2 99 ILLAELEQLKGQGK

37.23 P08670 2 99 ISLPLPNFSSLNLR

37.23 P08670 2 99 KVESLQEEIAFLK

37.23 P08670 2 99 QVQSLTCEVDALK

37.23 P08670 2 99 SLGSALRPSTSR

37.23 P08670 2 99 SLYASSPGGVYATR

37.23 P08670 2 99 TYSLGSALRPSTSR

37.23 P08670 2 99 VELQELNDR

Actin, cytoplasmic 2 (y-actin)

27.52 P60709 2 99 AVFPSIVGR

27.52 P60709 2 99 AVFPSIVGRPR

27.52 P60709 2 99 DLYANTVLSGGTTMYPGIADR
27.52 P60709 2 99 EITALAPSTMK

27.52 P60709 2 99 GYSFTTTAER

27.52 P60709 2 99 LCYVALDFEQEMATAASSSSLEK
27.52 P60709 2 99 MTQIMFETFNTPAMYVAIQAVLSLYASGR
27.52 P60709 2 99 QEYDESGPSIVHR

27.52 P60709 2 99 SYELPDGQVITIGNER

27.52 P60709 2 99 TTGIVMDSGDGVTHTVPIYEGYALPH
27.52 P60709 2 99 TTGIVMDSGDGVTHTVPIYEGYALPHAILR
27.52 P60709 2 99 VAPEEHPVLLTEAPLNPK
27.52 P60709 2 99 YPIEHGIVTNWDDMEK
Tubulin a-6 chain

12.16 P68363 2 99 IHFPLATYAPVISAEK

12.16 P68363 2 99 LISQIVSSITASLR

12.16 P68363 2 99 NLDIERPTYTNLNR

12.16 P68363 2 99 QLFHPEQLITGK

12.16 P68363 2 99 VGINYQPPTVVPGGDLAK
Filamin-A

2.69 P21333 2 99 ALTQTGGPHVK

Ubiquitin

6.28 P62988 2 99 TITLEVEPSDTIENVK

6.28 P62988 2 99 TLSDYNIQK

Myosin light polypeptide 6

51 P60660 2 99 VLDFEHFLPMLQTVAK

51 P60660 1.7 98 HVLVTLGEK

Glyceraldehyde-3-phosphate
dehydrogenase

15.64 P04406 2 99 GALQNIIPASTGAAK
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15.64 P04406 2 99 LISWYDNEFGYSNR
15.64 P04406 2 99 LVINGNPITIFQER

15.64 P04406 2 99 VIHDNFGIVEGLMTTVHAITATQK
15.64 P04406 2 99 VIISAPSADAPMFVMGVNHEK
15.64 P04406 2 99 VPTANVSVVDLTCR
15.64 P04406 2 99 VVDLMAHMASK
Pyruvate kinase isozymes

8.62 P14618 2 99 APIIAVTR

8.62 P14618 2 99 GVNLPGAAVDLPAVSEK
8.62 P14618 1.7 98 GDYPLEAVR

8.62 P14618 1.7 98 KGVNLPGAAVDLPAVSEK
Peptidyl-prolyl cis-trans isomerase A

6 P62937 2 99 IIPGFMCQGGDFTR

6 P62937 2 99 SIYGEKFEDENFILK

6 P62937 2 99 VNPTVFFDIAVDGEPLGR
Fructose-bisphosphate aldolase A

2.53 P04075 2 99 LQSIGTENTEENRR
Annexin A2

9.33 P07355 2 99 GDLENAFLNLVQCIQNKPLYFADR
9.33 P07355 2 99 GLGTDEDSLIEICSR
9.33 P07355 2 99 SALSGHLETVILGLLK
Heterogeneous nuclear

ribonucleoproteins A2/B1

7.7 P22626 2 99 EESGKPGAHVTVK

7.7 P22626 2 99 IDTIEITDR

7.7 P22626 2 99 YHTINGHNAEVR
Eukaryotic translation initiation factor

5A-1

2 P63241 2 99 VHLVGIDIFTGK
Elongation factor 2

3.34 P13639 2 99 NMSVIAHVDHGK
Chloride intracellular channel protein 1

2.3 000299 2 99 LAALNPESNTAGLDIFAK
40S ribosomal protein S12

2 P25398 2 99 TALIHDGLAR

ADP/ATP translocase 1

2.51 P12235 2 99 GNLANVIR
Glucose-6-phosphate isomerase

2.01 P06744 2 99 ILLANFLAQTEALMR
Protein disulfide-isomerase precursor

2.26 P07237 1.7 98 SNFAEALAAHK
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Thioredoxin (Trx)

2 P10599 99 VGEFSGANK

Talin-1

6.94 Q9Y490 99 ALEATTEHIR

6.94 Q9Y490 99 GVGAAATAVTQALNELLQHVK
6.94 Q9Y490 99 MVGGIAQIIAAQEEMLR
Ezrin (p81) (Cytovillin)

6.44 P15311 99 FYPEDVAEELIQDITQK
6.44 P15311 99 IGFPWSEIR

Filamin-B

4.53 075369 99 VNIGQGSHPQK

4.53 075369 99 VVASGPGLEHGK
Transgelin

2.06 Q01995 99 KYDEELEER

Histone H2B type F-S

9.08 P57053 99 AMGIMNSFVNDIFER
9.08 P57053 99 QVHPDTGISSK
Histone H3.1

5.58 P68431 99 FQSSAVMALQEACEAYLVGLFEDTNLCAIHAK
Eukaryotic translation initiation

factor 2C 4

2.22 Q9HCK5 98 EVVDTMVRHFK
NHP2-like protein 1

2 P55769 99 AYPLADAHLTK
Ras-related protein Rap-1b

2 P61224 99 INVNEIFYDLVR
Calgizarrin

3.1 P31949 99 TEFLSFMNTELAAFTK

Table 4
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