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Abbreviation

stands for:

two-dimensional sodium dodecylsulfate polyacrylamide gel-

2D-SDS-PAGE electrophoresis

APPJ atmospheric pressure plasma jet

BSA bovine serum albumin

CHAPS 3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate
CTFR cystic fibrosis conductance regulator

DBD dielectric barrier discharge

DIGE difference in-gel electrophoresis

DNA deoxyribonucleic acid

ENTplas treatment | epithelial cell non-thermal plasma treatment
FGF-2 fibroblast-growth-factor 2

h hour(s)

HRP horseradish peroxidase

KEGG Kyoto Encyclopedia of Genes and Genomes

MALDI-TOF-MS

matrix-assisted laser desorption/ionisation time-of-flight mass-
spectrometry

min minute(s)

mRNA messenger ribonucleic acid

MRSA methicillin-resistant Staphylococcus aureus
NO nitric oxide

PVDF polyvinylidene fluoride

RNA ribonucleic acid

RNS reactive nitrogen species

ROS reactive oxygen species




sec second(s)

TBS-T tris-buffered saline Tween-20
Uuv ultraviolet (light)

w watt(s)
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4. Abstract

4. Abstract

Non-thermal atmospheric pressure plasma has recently been shown to have broad
application potential for medical as well as industrial purposes. Improved wound
healing and tissue decontamination have been described as consequences of non-
thermal plasma treatment. However, thus far the underlying molecular mechanisms in

human tissues have only been partially characterized.

In this work a two-dimensional difference in-gel electrophoresis (2D-DIGE) approach
was used and an analysis-workflow to study the response of human cells to atmospheric
pressure non-thermal plasma was established. Human S9 bronchial epithelial cells were
used as a model for airway epithelial cells. They were treated with atmospheric pressure
plasma jet (APPJ) for different periods of time. Subsequently, time-resolved
comparative proteome analysis was used to study the complex cellular adaptation
reactions after a 120 sec plasma treatment, which accelerated wound healing in a
clinically relevant model. The results indicate, that intracellular oxidative stress due to
the non-thermal plasma treatment either leads to cell death or to proliferation. The
oxidative stress response, mediated by Nrf2, appears to play a pivotal role in molecular
signalling and might be a key pathway determining the fate of stressed cells. This thesis
demonstrates changes in Nrf2-expression after non-thermal plasma treatment.
Furthermore, potential protein biomarker candidates for evaluation of oxidative stress

after non-thermal plasma treatment were identified.

Finally, it is shown, that the cytosolic concentrations of IL-lbeta and IL-33 were
decreased following non-thermal plasma treatment. Thus, modulation of innate immune
response by non-thermal plasma treatment of epithelial cells (ENTplas treatment) is

concluded.
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5. Introduction

5. Introduction

5.1. Non-thermal atmospheric plasma

Plasma is a specific gaseous state usually considered the fourth state of matter. By
applying energy to gases, electrons may be liberated to yield a fully or partially ionized
gas, which is referred to as plasma. In nature plasmas are found in lightning and in the
magnetosphere [1]. About 99 % of all known visible matter in the universe is in the
plasma state. Plasma is normally generated at temperatures far above 1000°C and is
therefore dangerous for life. However, it is also possible to create low-temperature
artificial plasmas (“non-thermal” or “cold plasma”). Non-thermal plasma of this sort is

used for example in TV- plasma screens or in energy-saving lamps [2].

These low-temperature plasmas can be created either under low or atmospheric pressure
conditions. A distinction is made primarily between so-called “jet”-sources and the
“dielectric-discharge barrier” (DBD)-sources. Both make use of a high-frequency
alternating voltage, which are able to excite the surrounding gases and to convert it into
the plasma state. Both technical approaches can be used in pulsed and unpulsed modes.
Interrupting the voltage source creates pulsed plasmas with decreased output
temperatures. DBD-sources are primarily using the surrounding air, while jet-sources
can excite gas in capillaries between two electrodes. In this latter case not only ambient
but also various gas mixtures and rare gases such as Argon can be converted into
plasma and are transported to the origin. The jet-sources have the advantage that the
flow-rate of these passing gases can be defined and varied. The electrical excitation
leads to the formation of ions, radicals and free electrons in the excited plasma field,
which may then interact, with surrounding materials. The composition of non-thermal
plasmas has been well described by Sensenig et al. and Heinlin et al. [3], [4]. Beside the
charged particles, such as ions and electrons, they mentioned electric fields, UVA-,
UVB- and UVC-radiation and heat as additional components. Furthermore, reactive
oxygen species (ROS) such as O, OH, HO,, H,0,, electrically excited oxygen (O (1D)),
0O, lAg and O3 were detected in non-thermal plasmas. Finally, reactive nitrogen species

(RNS), such as NO, NO; occurred in the excited plasma field.
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5.2. Possible applications of non-thermal atmospheric
plasma
The availability of non-thermal atmospheric pressure plasma sources opened a wide
field of possible applications not only in technology, but also in the military and last but
not least the medical field [5—8]. Nowadays, industrial plasma is frequently used e.g. for
staining fibres and plastics, converting fuels into hydrogen, food preservation and
surface conditioning [5—7] and air decontamination [8]. The results of these attempts
drew the military’s attention to this new technology and decontamination of biohazards

and biological warfare agents like anthrax became a possible application [9].

However, the most interesting facet of non-thermal atmospheric plasma may be in civil
applications. Beside the industrial attempts, first initial observations of biological and
medical applications were promising. Investigation of interactions of non-thermal
atmospheric plasmas with human body fluids and tissues in-vitro and in-vivo were the
first studies in this field. Fridman et al. showed, that blood coagulates significantly
faster after non-thermal plasma treatment of wounds in-vivo [10], [11]. Furthermore,
they investigated the effect of a non-thermal plasma treatment on wound healing of
chronic wounds [8], [12]. They were able to show, that non-thermal plasma has a
supporting effect on the wound healing. Furthermore, non-thermal plasma has the
ability to kill bacteria, even methicillin-resistant Staphylococcus aureus (MRSA)

strains, on surfaces and even on patient’s skin [13—16].

Based on these observations, two main fields of medical applications of atmospheric-
pressure plasma can be envisioned: The first and most innovative field is the direct
application onto patient’s skin for therapeutic purposes [17] ranging from skin
disinfection via treatment of infective skin diseases, stimulation of wound healing [8],
[15], [18], dental applications [19-21] to cancer treatment [8], [19], [22], [23]. The
second type of application is plasma-based decontamination or sterilization [24-33], or
the improvement of biocompatibility of surfaces, materials, devices, or implants for
subsequent medical applications [34-37]. In addition to its general antimicrobial
activity a main advantage of non-thermal plasma is its ability to inactivate even MRSA
and biofilms [16], [31], [32], [38] to resolve recent MRSA and biofilm-related issues.
An overview of the published effects of non-thermal atmospheric plasma on eukaryotic

cells and tissues will be summarized in the following chapters.
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5. Introduction

5.3. Effects on eukaryotic tissues and cells

Based on the initial findings, further and more detailed investigations concerning the
effects of non-thermal plasma treatment on eukaryotic cells were performed in different
working groups. Kalghatgi et al. demonstrated a stimulation of proliferation of human
endothelial cells by non-thermal atmospheric plasma [39]. In contrast, they found
increased cell damage and the induction of apoptosis in melanoma cells at higher doses
of non-thermal plasma [3]. Similar results have been shown by Kim et al. [40].
Colorectal cancer cells showed increased cell growth arrest and initiation of apoptotic

activity after a non-thermal plasma treatment.

Sensenig et al. and Kalghatgi et al. were able to demonstrate in melanoma cells as well
as in endothelial cells and mammalian cells the increased appearance of reactive oxygen
species (ROS) after non-thermal plasma treatment [3], [39], [41]. ROS are believed to
be the most potent reactive agents interacting with surfaces and tissues during a non-
thermal plasma treatment [42]. ROS appeared elevated in the medium after non-thermal
plasma treatment and even in the medium alone, prior to addition to the cell cultures,
and caused subsequent effects. Increased activities of Fibroblast-Growth-Factor-2
(FGF-2) in endothelial cells have been associated with increased levels of extra- and
intracellular ROS after non-thermal plasma treatment. Removing the short wave UV-
light during non-thermal plasma treatment showed no significant differences in the

effects achieved, supporting a subordinate role of UV radiation [41].

When much higher doses of plasma have been applied to human tissues, less positive
effects of a non-thermal plasma treatment were described [41], [43]. Both studies found

DNA damage and cell death after non-thermal plasma treatment.

These observations lead to the conclusion, that the effects of a non-thermal atmospheric
plasma treatment on living cells and tissues can be diverse under different conditions
and seem to be dose-dependent. Thus, on the one hand overdoses of plasma-treatment
leads to cell damage, but on the other hand, lower doses may induce potentially useful
effects like cell proliferation [39], [41], [44]. Although many in-vitro attempts have
been made to modulate cell repair and regeneration using non-thermal plasmas, the
underlying molecular mechanisms mediating the effects have not been completely
investigated so far. Here, proteomic analyses can provide new insights by providing

protein level information of global adaptation reactions.
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5.4. Proteomic approach provides new insights into adaption
mechanisms of cells after non-thermal plasma
treatment

Proteomics deals with changes in the pattern of expressed proteins. Proteins and their
modified forms are physically separated and identified. Proteins are the result of an
evolutionarily developed system, which follows a central dogma of molecular biology
from the reading (transcription) of DNA, the genetic material, to the RNA to the
proteins, which are translated from the RNA. With few exceptions (i.e.: reverse
transcriptase), this procedure is a one-way street and ends at the proteins and the
execution of their functions. The aforementioned components of this system are subject
during this cascade to many changes and modifications. And for each of these parts

there is a specific area of molecular biology to befriend them.

Quantitation of these changes in response to external stimuli can shed light on changes
induced in cell physiology by the stimulus. It is to be expected that non-thermal plasma
treatment may well result in alterations of protein levels since protein damaging agents,
including ROS, reactive nitrogen species, UV and infrared radiation are generated. This
allows both comparison of plasma dosage and the determination of the kinetics of the
effects. Interesting protein candidates are identified by mass spectrometry, allowing a

subsequent wider network analysis.

By performing time-resolved experiments direct and secondary effects of plasma
treatment can be studied. To achieve a better understanding of the effects of cold plasma
on human mucosa, ENTplas (Epithelial Non-Thermal Plasma) treatment-related
changes on the proteome level of S9 epithelial cells were investigated as a surrogate
model for airway medical use. Recent studies by Hellings et al. [45] established a united
airways model, considering no relevant molecular biological and physiological
differences between upper and lower airways. Thus, results from experiments with S9
epithelial cells should be able to transfer to both levels, allowing conclusions to a

broader field of application.

5.5. Possible use of non-thermal plasma in Ear-, Nose- and
Throat (ENT) medicine

Various medical applications of non-thermal plasma to skin have been developed and

tested over the last years [4], [17]. In order to define special requirements for possible
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5. Introduction

ENT applications, some specific properties of oral and airway-specific mucosa have to
be considered. The mucosae of the upper airways and the oral cavity are different from
skin surfaces elsewhere on the human body and are much more sensitive to external
plasma applications. Furthermore, the mucosa of the oral cavity in particular has a
different resident bacterial population from the dermis [46—48]. Staphylococcus aureus,
however, colonises both oral and airway mucosa as well as the skin and can lead to
severe infection after tissue injury [49], [50]. Extensive bacterial colonization and
biofilms may inhibit wound healing [51], [52], which in turn requires biofilm removal
or prevention strategies. It is commonly assumed that low dose non-thermal
atmospheric pressure plasma could potentially satisfy these needs: Recent studies by
Winter et al. [53] actually showed impacts of low temperature gas plasma on vegetative
bacteria on protein level. Treatment with non-thermal argon plasma led to severe DNA
and cell wall damages. Comparable studies with human cells have not been done so far,

but are necessary to verify the safety of an appropriate treatment.

However, if non-thermal plasma treatment of human tissues can be shown to be
harmless at defined doses, many possible applications can be envisaged ranging from

the stimulation of wound healing to tissue decontamination.
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6. Focus of this thesis

6. Focus of this thesis

The application of non-thermal plasma showed promising results for different purposes
in the medical field. Phenomena, such as the accelerated clotting of blood or the support
of wound healing in vivo have already been described. The effects of non-thermal
plasma treatment emerged to be dose dependent. Thus, higher applied doses resulted in

tissue damage and apoptotic reactions.

Although more and more applications are being sought, the basic effects of non-thermal
treatment are still not understood on the cellular and subcellular level for eukaryotic
cells. Because of this, risk assessment and source design cannot be optimally performed

at this time.

The aim of this work is to examine the effects of non-thermal plasma application on
protein levels in an epithelial cell model. For this purpose, a physiological relevant
system had first to be established as well as an experimental wound-healing protocol.
After that, molecular effects of the non-thermal plasma treatment were examined using
a proteomic approach consisting of a high-resolution two-dimensional difference in-gel
polyacrylamide gel electrophoresis (2D-DIGE-PAGE) and subsequent identification of
proteins by MALDI-TOF-mass-spectrometry. Statistical methods for quantitative
analyses had to be established and selected for the resulting large data sets.

Furthermore, visualization of large data sets had to be tested and modified.

Finally, the detected biological effects on proteins and their expression have to be

understood in terms of cell physiology.
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7. Material and Methods

7. Material and Methods

In order to investigate the intracellular effects of a non-thermal plasma treatment on
upper airway epithelial cells, a proteomic approach was chosen. After cell cultivation
and non-thermal plasma treatment, protein extraction and labelling was carried out
using a protocol developed for the difference in-gel electrophoresis methodology
(DIGE). This method, previously described by Westermeier et al. [54], [55], uses an
internal standard, which permits normalization of spot intensities from different gels.
This 2D gel procedure shows approximately 1500 protein spots per gel in the region
between pl 4 to 7 and a molecular weight from 10 kDa up to 120 kDa. The major
advantage of this two-dimensional gel-based method is the ability to directly detect
protein modifications, which result in changes of pl or molecular weight. Oxidation of
proteins due to ROS, dimerization and methylation show characteristic spot patterns on
the gels and can therefore be easily visualized. The gel-preparation and the
electrophoresis were performed according to the protocols described by Junker et al.
[56] and Farajzadeh et al. [57]. Subsequent identification of protein spots was achieved
by a combination of matrix-assisted laser desorption/ionization time-of-flight mass-
spectrometry (MALDI-TOF-MS) followed by sequencing of isolated peptides by
MS/MS experiments. Briefly, protein spots were cut out of the gels, digested with
trypsin and co-crystallized with a special organic matrix on analytical targets. The
spotted peptides are released using high-energy laser light and are accelerated in an
electrical field towards a detection unit, where the time of flight of the fragment-ions
can be determined. The time-of-flight and the mass of the accelerated fragments

correlate according to the following formula: % = ZLLZU - t? (t=time-of-flight; m=mass;

z=charge number; e=elementary charge (constant); U=voltage; L=length of acceleration
way). Thus, fragments of different weights can be separated by their specific mass.
Proteins can now be identified via their specific “fingerprint” of tryptic fragments.
Additional MALDI-TOF-MS/MS was used to confirm separated peptide ions by
additional fragmentation and sequencing of the peptide fragment. This method allows
the detection of multiple proteins in one excised spot or of proteins present in low

concentration.
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After identification of the two-dimensional separated proteins in plasma treated
samples, their quantification and statistical analysis of their expression was compared to

that in non-treated controls.

Proteins with altered expression after treatment were further analysed for their

biological functions and involvement in metabolic networks.

Western Blots were used for validation of possible protein biomarker, characterizing the

effects of the non-thermal plasma treatment.

7.1. Cell line and Cell cultivation

Epithelial cells were isolated from the bronchus of a seven-year-old patient with cystic
fibrosis [58]. This parent cell line IB3 showed the typical one-gene defect, which affects
functionality of chloride channels. The defect was corrected by transforming IB3 with
recombinant adenovirus (adeno-12-SV 40) containing a functional cystic fibrosis
conductance regulator (CTFR) gene. This generated the S9 cell line [59]. S9 cells
(ATCC CRL-2778) were incubated with 10 ml standard cell cultivation medium (93%
MEM Earl Standard w/o L-Glutamin, 4% FCS, 2% Glutamin, 1% non-essential amino
acids) in a cell culture plate in an atmosphere of 95% air and 5% CO, at 37°C.

Micrographs are shown in Figure 1.

Sub cultivation was performed at an approximate cell density of 1x107 cells/cm® by
removing the cell cultivation medium, washing with 5.0 ml PBS (8.0 g NaCl, 0.2 g KClI,
1.44 g Na,HPO4*2H,0, 0.24 g KH,PO4, Aqua dest. ad 1000 ml) and overlaying with
1.0 ml trypsin-solution (0.05% trypsin, 0.02% EDTA) for 5 to 15 minutes to detach
cells from the surface [51], [60]. Then, 3 ml standard cell cultivation medium was
added, cells were repeatedly pipetted and afterwards divided into aliquots in new cell
culture plates each with 9 ml fresh cell cultivation medium with a sub-cultivation ratio
of 1:4, which corresponded to approximately 1x10 viable cells per cell culture plate.
These subcultures were incubated as described above until sufficient numbers of cells

for ENTplas treatment were reached.
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7. Material and Methods

ATCC Number: CRL-2778
Designation: s9

©ATccH

Low Density Scale Bar = 100pum High Density Scale Bar = 100um

Figure 1: Micrographs of cultured S9-epithelial cells. S9 cells are an immortal cell
line derived from a patient with cystic fibrosis. The one gene defect was corrected with
an adenovirus. Growth phase cells are displayed on the left. Cell culture near
confluence is displayed on the right. The micrographs were kindly provided by the
manufacturer (ATCC; www.atcc.org).

7.2. Non-thermal atmospheric pressure plasma (ENTplas) treatment

For ENTplas treatment the kINPen 08, an atmospheric pressure plasma jet developed by
the INP (Leibniz Institute for Plasma Science and Technology) in Greifswald, was used:
It consists of a quartz capillary (1.6 mm diameter), which surrounds a pin-type electrode
(1 mm diameter). Argon gas passes the quartz capillary with a steady flow rate of
5 standard litres per minute (slm) and flows around the electrode (see Figure 2). A
high-frequency (HF) voltage of 2-6 kVpp., 1.1 MHz was applied to the pin-type

electrode.
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plasma jet

HF electrode (pin)

capillary (quartz)

feed gas

INP#

Figure 2: Scheme of the atmospheric pressure non-thermal plasma jet kINPen 08
used. (The scheme is taken from Landsberg et al. [61] and kindly provided by the
manufacturer: Leibniz Institute for Plasma Science and Technology, Greifswald,
Germany).

By this mechanism, the plasma is generated from the top of the centred electrode and
expands to the surrounding air forming a visible plasma-jet with a length of up to
12 mm. The length of the jet depends on voltage and flow rate of the gas applied. At the
tip of this plasma jet, temperatures measured were more or less constant between 37°C
and 48°C (depending on the operating power between 1,9 W and 3,2 W) with a constant
thermal output of about 150 mW [6]. Plasma was operated at 2,8 W and a temperature
of about 39°C to 41°C at the tip, which was cooled down immediately during
application by the medium covering the cells. These parameter set up was used in order

to ensure comparability with results from other working groups like Sensenig et al. [3].

Table 1 shows the physical parameters of the ENTplas treatment for the different
treatment time periods of 30s, 60s, 120s, 240 s and 360 s. Values were calculated

based on the measurements from Weltmann et al. [6].
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7. Material and Methods

Table 1: Physical parameters of the applied plasma on S9 airway epithelial cells
using the plasma-jet device for different operating times. The kINPen 08 was used at
2,8 W and the plasma tip was guided over the entire cell culture plate following parallel
offset lines within the different treatment times. The resulting physical parameters can
be taken from the table.

Treatment time Maximum
for the entire cell Corresponding . Corresponding
. corresponding
culture plate treatment time for discharge power at thermal output at
(78,54 cm?) in 1 cm? in seconds (s) gep 2 150 mW in J/s
3,2 Win J/cm
seconds (s)
30 0,382 1,222 0.057
60 0,764 2,445 0,115
120 1,528 4,889 0,229
240 3,056 9,778 0,458
360 4,584 14,668 0,688

For ENTplas treatment, cell cultures were split. In comparison to untreated controls,
applied ENTplas treatment varied between 30 sec and 360 sec for the entire cell culture
plate to monitor the effects on wound healing for different ENTplas doses. Finally, a
120 sec ENTplas treatment was chosen for the analysis of short and long-time
observations on protein level after ENTplas treatment in a 2D-DIGE approach. The
visible tip of the plasma jet was oriented vertically to the cell culture surface
(see Figure 3) and moved in lines with parallel offsets over the cell layer within the

culture plate (see Figure 4), while cells were covered with 1 ml standard cell medium.
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Figure 3: Non-thermal plasma treatment
procedure of the whole cell. Cells are
covered with medium in the cell culture
plate and the tip of the plasma jet is
vertically positioned to the cell culture

Figure 4: Schematic view from above of
the cell culture plate. The tip of the non-
thermal plasma jet follows the line with
parallel offsets in order to treat the entire
area of the cell culture plate.

surface. (Picture taken with kindly
permission from Landsberg et al. [61])

After ENTplas treatment for 120 sec, treated and control cell cultures were either
harvested immediately (0 h) or incubated for different time periods enabling assessment
of recovery (incubation for 24 h, 48 h, 72 h, 96 h, or 120 h) before proteome analysis.
Time-resolved proteome analyses (short-time: 0, 0.5, 1 h and long-time: 24, 48, 72 h)

were performed on controls and samples.

7.3. Wound model

In order to study effects of ENTplas treatment on wound healing, cell cultures of S9
airway epithelial cells in a cell culture plate of 10 cm diameter were used as a surrogate
model for airway epithelial cells. Confluent cell cultures were treated using an
established wound model, previously described by Beule et al. [60] and Roth et al. [51].
Briefly, S9 epithelial cells in their 16™ passage were seeded at a density of 10° cells/cell
culture plate and grown under similar conditions as described above. When confluence
was reached, 21 circular wounds per 10 cm diameter cell culture plate were created (see
Figure 5) using a 4 mm sterile biopsy punch (pfm AG, Cologne, Germany) and cells

were flushed away using an Eppendorf pipette.
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7. Material and Methods

Figure 5: Scheme of the distribution of the punched wounds for one entire 10 cm cell
culture plate. Wounds are distributed equally over the available area.

All wounds were documented photographically and subsequently plasma treated using
the kINPen 08 device as described above (see Figure 4) for 30 sec, 60 sec, 120 sec,
240 sec and 360 sec. Untreated wounds (controls) were kept in the dark for the same
period. Wound areas were documented at 4-fold magnification using an inverted
microscope (Nikon Eclipse) either directly after treatment (Oh), or after a 24 h, 48 h,
72 h, 96 h and 120 h recovery period in cell culture. The size of six wounds per
treatment condition was measured on the photographs by using an area-calculating tool
of Photoshop CS5 (Adobe, San Jose, Calif., USA). Medians for each condition were
calculated. Each of the different treatment groups was compared with the untreated
control group. Effects between the two factors “group” and “time” were considered

statistically significant for p < 0.05 using Anova. Sphericity of wounds was assumed.

7.4. Sample preparation for proteomic analysis

For harvesting of cells, the cell culture medium was removed and cells were washed
with 5 ml 1x phosphate buffered saline (PBS). After PBS removal, cells were incubated
with 1.8 ml sample buffer (8 mol/L urea, 2 mol/L thiourea) and detached with a cell
scraper (Greiner BioOne). Prior to disruption, cells were shock-frozen in liquid nitrogen
and stored at -70°C. For disruption, cells were defrosted in a thermomixer (Eppendorf,

Hamburg, Germany) at 1400 rpm at 30°C for 10 minutes and again shock-frozen. After
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five freeze and thaw-cycles, samples were centrifuged (20,000 x g, 60 min, 4°C) to
remove cell debris. Supernatants were transferred into new tubes and stored at -70°C
prior further processing. Protein concentrations were estimated using a Bradford assay

(Bio-Rad, Munich, Germany) as previously described [62].

7.5. Two-dimensional difference in-gel electrophoresis (2D-DIGE)

Samples were labelled before separating by two-dimensional difference in-gel
electrophoresis. The methodological principle is shown in Figure 6. Cy-dyes were used
and added to the samples following the manufacturer’s instructions (GE Healthcare,
Munich, Germany). Briefly, samples were adjusted to pH 8.5 using 50 mmol/L NaOH
and labelled by adding 400 pmol of dye (Cy3 or 5) per 50 ug of protein on ice for
30 minutes. To stop the reaction 10 mmol of lysine were added and incubation on ice
was continued for 10 minutes. If necessary, labelled samples were stored at -70°C. In
order to improve sample-to-sample comparisons, an internal standard consisting of
aliquots of all samples was generated and labelled with the Cy2-dye as described above.
This standard was loaded onto every gel to permit normalisation of different gels. From
all samples, four technical replicates labelled either with Cy3-dye or with Cy5-dye were

analysed.

For two-dimensional difference in-gel electrophoresis, two labelled samples (Cy3 and
Cys5, each 50 pg) were mixed with the corresponding internal standard (Cy2, 50 pug) in
rehydration buffer (for 10 units: 80.0 mg CHAPS, 17.5 mg DTT, 52.5 pl Pharmalyte pH
3-10, some grains Bromphenolblau, ad 400.0 ul sample buffer) and used to rehydrate
immobilized pH gradient strips with a pH range from 4 to 7 (24 cm; GE Healthcare,
Munich, Germany). After rehydration, the first dimension isoelectric focussing was
performed as described earlier by Thiele et al. [63]. Subsequently, the second dimension
separated the proteins on 12.5% SDS-polyacrylamide gel between low-fluorescent glass
plates (GE Healthcare) in a Dodeca system (Bio-Rad). Every 2D-PAGE gel was
scanned with a laser scanner (Typhoon 9400; GE Healthcare) at 488/520 nm for Cy?2,
532/670 nm for Cy3 and 633/670 nm for Cy5. The resulting images (3 per gel) were
processed with dedicated software as described below. Proteome analysis was
performed for two separate experimental series independently, one for short-time

observations (0 min, 30 min, 60 min) and one for long-time observations (24 h, 48 h,
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7. Material and Methods

72 h). For data analysis short-term and long-term observations were initially treated

separately, but then merged for joint time-resolved data analysis.
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Figure 6: 2D-DIGE experimental setup and workflow. First step is the creation of the
internal standard, which is pooled from all samples. Second step is the fluorescent
labelling of the different protein samples and the internal standard. Subsequent 2D-
PAGE separates the proteins from two different samples (Cy-3 and Cy-5 labelled) and
the internal standard (Cy-2 labelled) by their pl and their molecular weight. After
scanning and image analyses, expression data can be analysed via statistics.

7.6. Statistical analysis

Analysis of the scanned gel images was performed with the software packages Delta2D
(Version 4.2, Decodon GmbH, Greifswald, Germany), data analysis with GeneSpring”
GX (Version 7.3.1, Agilent Technologies, Waldbronn, Germany). Initially, all image
sets were positionally aligned via the corresponding Cy2-channel (internal standard).
Secondly, all samples were merged in order of increasing observation time to create a

fused image (2D proteome map — Luhn et al. [64]) in union fusion mode. Spot detection
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and editing were done with the Delta2D software on the union fused image and then

spots and spot labels were transferred onto all other images included in the analysis.

GeneSpring® GX (Agilent Technologies) and TMeV-software (implemented in Delta
2D) were used for statistical analysis and graphical display of expression profiles.
Acquired spot expression values were transferred to GeneSpring GX and normalized by
a two-level procedure. The first step corrected differences between intensities of
different gels by dividing the background-corrected values of the spot volumes by the
median of all spots of the corresponding channel (Cy2, Cy3 or Cy5). Secondly, intensity
calibration with the internal standard (Cy2-channel) of each spot was performed by
dividing the median normalized spot volumes of the Cy3 and Cy5 channels by the

corresponding value of the internal standard (Cy2 channel of the spot).

In order to identify differences in spot intensity, the values of plasma treated samples
were divided by the corresponding baseline values of the untreated control using
GeneSpring® GX. Stringent selection criteria were employed in order to reduce false
positive results and changes were only considered significant when the following three
criteria were fulfilled: (i) the change of the intensity ratio had to exceed a factor of 1.5
(i1) the p-value of the corresponding analysis of variance test had to be lower than 0.05
(One-way-ANOVA) and (iii) raw values of each spot had to exceed 0.3, avoiding

calculation of ratios of spots close to background intensities.

This procedure had to be performed for each data set (short and long term) separately.
Since identical normalizations were used for both sub-projects, candidate lists were

subsequently merged with GeneSpring” GX.

For TMeV-analysis both separate projects were initially merged and spot detection was
optimized. pl-range and molecular weight range were cropped to the maximum
interpretable common region. Normalization was performed as described above and
then principle component analysis (PCA) was performed to validate reproducibility of
experimental conditions and identify possible outliers (compare with Figure S-1). After
removal of an obvious outlier of one gel image, caused by a hardware failure of the
scanning device, a hierarchical clustering by the Euclidean distance was performed. A
k-means-clustering resulting in ten different clusters visualized the different expression

patterns observed in the time-resolved proteome analysis, which were lastly assigned to
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7. Material and Methods

metabolic pathways and cellular physiology by network analysis using Ingenuity

Pathway Analysis (Ingenuity Systems; www.ingenuity.com).

7.7. Preparative 2D gel electrophoresis and sample preparation for
mass spectrometry

Preparative two-dimensional gel electrophoresis was performed as previously described
[63]. Briefly, 450 pg of protein was pooled from treated and untreated samples of each
condition (75 pg each) and added to the rehydration buffer.

Resulting 2D-PAGE gels were stained with colloidal Coomassie brilliant blue according
to the manufacturer's instructions (GE Healthcare). Gel image documentation was
performed by a transmission light scan. Gel image analyses were performed with the

Delta-2D software package (Decodon GmbH) as described above.

Spots of interest were processed for identification as described by Eymann et al. [65].
Briefly, spots were excised manually or using a spot cutter (Proteom Works, Bio Rad)
with a picking head diameter of 2 mm. Excised protein spots were transferred into 96-
well-microplates, which were loaded with 100 pl of Lichrosolv water in each well.
Tryptic digestion was performed automatically in an Ettan Spot Handling Workstation
(Amersham Biosciences) as well as the subsequent spotting of peptide-solution onto
MALDI targets. Cutted gel pieces were washed twice with 100 ul 50 mM
ammoniumbicarbonate/ 50% v/v methanol for 30 min and once with 100 pl 75% v/v
ACN for 10 min. In the next step samples were dried for 17 min and then incubated
with 10 pl trypsin solution (20 ng/ml trypsin (Promega, Madison, WI, USA) in 20 mM
ammoniumbicarbonate) at 37°C for 120 min. For peptide extraction gel pieces were
covered with 60 pl 50% v/v ACN/ 0.1% w/v TFA and incubated for 30 min at 37°C.
Supernatants containing peptides were transferred into new microtiter plates. Again
peptide extraction was performed with 40 pl of the same solution. Joined supernatants
were now completely dried at 40°C for 220 min. Peptides were dissolved in 2.2 ul of
0.5% w/v TFA/ 50% v/v ACN. MALDI targets were spotted directly with 0.7 ul of this
solution. Then, this sample solution was mixed with 0.4 pl of matrix solution (50% v/v
ACN/ 0.5% w/v TFA saturated with a-cyano-4-hydroxycinnamic acid (CHCA)) by
aspirating five times. After drying for 10-15 min, samples were measured using the

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

MALDI-TOF-MS measurements were performed with a Proteome-Analyzer 4800
(Applied Biosystems, Foster City, CA, USA). Reflector mode was used in order to
record the spectra in a mass range from 900 to 3700 Da with a mass focus to 2000 Da.
Twenty-five subspectra with 100 shots per subspectrum were accumulated for one main
spectrum using a random search pattern. An automatic internal two-point calibration
was performed, when the autolytic fragments of trypsin with the mono-isotopic
(M+H)'" m/z at 1045.564 and 2211.104 reached a signal-to-noise ratio (S/N) of at least
10. Although the standard peptide search tolerance was 50 ppm, the effective standard
deviation was between 2 and 15 ppm. Less than 1% of the samples with failed auto-
calibration had to be calibrated manually. Using GPS-Explorer software package
(Applied Biosystems, Foster City, CA, USA), the peak lists were created and searched
automatically. The following GPS-Explorer settings were selected: mass range from
900 to 3700 Da; peak density of 50 peaks per range of 200 Da; minimum area of 100
and maximum 200 peaks per protein spot and minimum S/N ratio of 6. These peak-lists
were compared to a UniProt SwissProt database (Rel. 51.5 restricted to human
taxonomy) by the MASCOT search engine (Version 2.1). Positive identifications had to
reach the following specifications: sequence coverage of at least 30% and twice a
MOWSE-score of at least 49. Proteins and peptides, which failed the 30% sequence
coverage barrier, were reanalysed with more accurate MALDI-MS/MS. The MALDI-
TOF-TOF analysis was used for the five strongest peaks of the previous MS-spectrum.
Here, 20 subspectra with 125 shots per subspectrum were accumulated using a random
search pattern. The internal auto-calibration was performed if the mono-isotopic
arginine (M+H)'" m/z at 175.119 or lysine (M+H)'" m/z at 147.107 reached an S/N of
at least 5. Settings for GPS-Explorer setup were: mass range from 60 Da to a mass that
was 20 Da lower than the precursor mass; peak density of 5 peaks per 200 Da;
minimum area of 100 and maximum 20 peaks per precursor and a minimum S/N ratio

of 5.

For peak list interpretation, the database mentioned above was used with the MASCOT
search engine (Version 2.1). Results reaching a MOWSE-score of at least 49 in reflector
mode (MALDI-TOF-MS) and being confirmed by subsequent measurement of the
strongest peaks (MS/MS), were regarded as positively identified proteins. The
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7. Material and Methods

confirmation by subsequent measurements (MS/MS) was particularly useful for protein-

identification in spots, which contained multiple proteins.

Protein identifications and statistically relevant data were combined via unique spot-IDs
using the MSRepo database software (Decodon, Greifswald, Germany). Categorization
of the identified proteins was achieved by using the Panther Classification System

(http://www.pantherdb.org/) [66].

7.9. Network and protein functional analysis using specialized software

Expression profiles of statistically significant changing spots were exported from
GeneSpring® and TMeV. Data were combined with identification-lists from mass-
spectrometry and then imported into Ingenuity Pathway Analysis (Ingenuity Systems;
www.ingenuity.com). Using this program, it was possible to create protein networks
and pathways, which contained the proteins displaying changes in intensity and thereby

placing individual protein data into physiological context.

Additionally, Voronoi Treemaps [67] were used for data analysis and visualization.
Identified proteins were assigned to adapted KEGG Brite orthology hierarchies and
subsequently displayed with corresponding normalized expression values for each time

point.

7.10. Immuno Blot analysis

Ten micrograms of protein from each time point (0 h, 0.5h, 1 h, 24 h, 48 h, and 72 h)
were separated by 12.5% SDS-PAGE and transferred onto a Immobilon-P
polyvinylidene fluoride (PVDF) membrane (Millipore) for Immuno Blotting with
specific antibodies using a conventional semi-dry blotting device (Milliblot Graphic
Electroblotter II, Millipore, Billerica, MA, USA) for 2 hours. Prior antibody binding,
membranes were blocked in a solution of 5% non-fat dry milk in tris-buffered saline
Tween-20 (TBS-T buffer; TBS-Tween, 137 mM Tris-HCI, 2.68 mM NaCl, and 0.1%
Tween 20) for 90 min at room temperature. Immediately after this step, the membranes
were incubated with the different primary antibodies overnight at 4°C. To detect nuclear
factor erythroid 2-related factor 2 (Nrf2), Interleukin 1beta (IL-1p), Interleukin 33 (IL-
33) and Kelch-like ECH-associated protein 1 (Keapl), rabbit polyclonal IgG anti-Nrf2,
anti-IL-1f, anti-IL-33 and anti-Keapl antibodies (Santa Cruz Biotechnology, USA)

were used in a dilution of 1:100 (2 pg/ml) in TBS-T buffer containing 5% bovine serum
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albumin (BSA). Membranes were washed six times in TBS-T buffer before the
incubation with the secondary antibodies at room temperature for 1 h. Stabilized goat
anti-rabbit horseradish peroxidase (HRP)-conjugated secondary antibody (Santa Cruz
Biotechnology) was used in dilution 1:2,500 in 5% non-fat dry milk in TBS-T buffer.
After six washing steps with TBS-T buffer, membranes were incubated with
SuperSignal West Femto Maximum Sensitivity Substrate (Pierce; Thermo Fisher) for 5
min. Signals were detected with a Fusion-SL-3500.WL instrument for fluorescence and
chemo luminescence applications (Vilber Lourmat, Eberhardszell, Germany). Band
intensities were quantified using the ImageQuant software version 5.0 (GE Healthcare).

Statistical significance was determined using a two-sided t-test.
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8. Results

8. Results

8.1. ENTplas treatment improves proliferative activity of S9 airway
epithelial cells in an in vitro wound model

The analysis of changes in wound areas after ENTplas treatment revealed statistically
significant differences. Figure 7 illustrates the time—dependent development of wound
areas for non-treated control samples (green) and those exposed to different doses of
ENTplas treatment. Lower doses of ENTplas (30 sec up to 120 sec) result in stronger
proliferation, thus less residual wound area over time. ENTplas treatment for 120 sec
(red) showed the strongest effect on wound closure activity 24 h to 120 h after treatment
(p <0.005) (Figure 7-A). In contrast, higher doses of non-thermal plasma treatment
resulted either in significantly lower wound closure activities compared to the control
(240 sec) or even completely blocked the capacity for regeneration and closure of the
wound area (360 sec). Thus, non-thermal atmospheric pressure plasma treatment
showed clear effects on S9 airway epithelial cells and caused differences in proliferation
and cell migration activities, which resulted in dose dependent alterations of wound

closure.
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Figure 7: Effect of ENTplas treatment on S9 epithelial cell wound healing. Time
course of overgrown wound area after ENTplas treatment of S9 epithelial cells
observed after applying an in-vitro wound model (A) Photographically documented
wound areas for each time point (0 h, 24 h, 48 h, 72 h, 96 h and 120 h) after ENTplas
treatment (120 sec) and untreated control are shown. The blue circle displays the
original punched wound border and the red line displays the current cell borderline.
(B) The median percentages of the overgrown wound area from six observed wounds
per condition for different ENTplas treatment durations (30 — 360 sec) at each
observation time point are displayed.

34



8. Results

In the cell culture system tested, a duration of 120 sec ENTplas treatment might be
therapeutically beneficial, because S9 cells seemed to be clearly affected after 24 h of
incubation compared to the control, while still displaying improved proliferative
potential and wound healing after 120 h (Figure 7-A). Therefore, S9 cells exposed
120 sec to non-thermal plasma were subject to comparative proteome analysis with non-

treated controls cells to explore the mechanisms responsible for these alterations.

8.2. Two-dimensional difference in-gel electrophoresis (2D-DIGE)
reveals alterations in the proteome of S9 airway epithelial cells
triggered by ENTplas treatment

S9 cells treated with ENTplas for 120 sec and non-treated controls cells were harvested
either directly after end of treatment or at different time points of a subsequent
cultivation in MEM. Protein extracts of treated samples and corresponding controls
were analysed by 2D-DIGE in a pl-range from 4 — 7. In 48 gel images, 1505 detectable

protein spots could be analysed with respect to ENTplas treatment induced alterations.
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Figure 8: Complex fusion gel of four technical replicates of 120 s ENTplas treated S9
cells 0 h after treatment. Shades of grey indicate the spot intensities.
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Figure 9: Dual channel fusion images of ENTplas treated S9 epithelial cells
compared to the corresponding non-treated control. Protein samples were analysed by
a 2D-DIGE approach covering a pl-range of 4-7 and a molecular weight range from
10 - 120 kDa. Fused gel images of all four technical replicates were calculated by using
‘average' fusion mode. Green spots represent dominantly expressed proteins in a non-
treated control. Red spots represent spots, which are higher expressed in ENTplas
treated S9 epithelial cells and yellow protein spots are expressed nearly similarly in
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8. Results

controls and plasma treated cells. (A) Cells were harvested directly after treatment
(0 h), (B) 0.5 h after treatment, (C) 1 h, (D) 24 h, (E) 48 h and (F) 72 h after treatment.
Self-evidently, corresponding controls have not been treated, but incubated the same
time as ENTplas treated samples outside the cell culture incubator.

Qualitative image analyses of dual channel comparison already showed multiple
ENTplas treatment-related changes of intensities of protein spots. However, although 2-
DE-based proteomic approaches can precisely identify treatment-related alterations in
the intensity of protein spots they need complementary mass spectrometry approaches
to reveal protein identities. In an effort to comprehensively characterize the effect of
ENTplas treatment on S9 epithelial cells, MALDI-TOF-mass spectrometry was used to
perform 1218 protein-identifications in 722 spots. Many proteins, especially structural
ones were represented by more than one protein spot and therefore our proteome
analysis covered proteins coded by 499 different genes. These proteins were categorized
using “Panther-Gene Ontology” into different functional groups. Two proteins out of
499 assigned with “unknown function” in the Panther-Gene Onthology. The remaining
497 proteins were first assigned to 16 main groups of biological processes as displayed
in Figure 10. In conclusion 1071 processes were found. Second, the 497 proteins were
assigned to 11 different main molecular functions, while a total of 586 affected

functions are demonstrated.
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D enzyme regulator activity (GO:0030234): 34 D developmental process (GO:0032502): 77
E translation regulator activity (GO:0045182): 23 E cell cycle (GO:0007049): 76
F transcription regulator activity (GO:0030528): 16 F transport (GO:0006810): 75
G transporter activity (GO:0005215): 9 G cellular component organization (GO:0016043): 72
H receptor activity (GO:0004872): 7 H immune system process (G0O:0002376): 58
| motor activity (GO:0003774): 7 | response to stimulus (GO:0050896): 45
Jion channel activity (GO:0005216): 5 J system process (GO:0003008): 36
K antioxidant activity (GO:0016209): 4 K apoptosis (GO:0006915): 28
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O reproduction (GO:0000003): 4
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Figure 10: Classification of all identified proteins by cellular function. Subsets of
protein-identifications from MALDI-TOF-MS/MS are illustrated by bar charts. 497
different proteins were characterized and assorted to 16 biological processes and 11
molecular function categories. Classification of proteins was performed with Gene
Ontology Categories (Panther; www.pantherdb.org). Numbers of assorted proteins are
attached to the specific classifications.

Compared to peptide-based LC-MS proteomic approaches, 2-D gel electrophoresis
offers the ability to monitor protein modifications that alter protein mobility
(processing, degradation, post translation modifications at individual positions), because
separation occurs at the protein level. Protein modifications due to the ENTplas
treatment appear as changes in intensity in multiple spots with the same protein
identification by MALDI-TOF-MS (selected examples are highlighted in Figure 11).
Figure 12 illustrates the four selected examples for modifications triggered by ENTplas
treatment resulting in changes of spot patterns of the same identified protein. Such
modifications may occur due to the natural protein function in response to a changed
environment. The cytosolic thioredoxin reductase 1 for example reduces oxidized sites
(among others: ribonucleotide-reductase). Different forms of this protein with specific
pls and molecular weights accumulate in separated protein spots in the two-dimensional
gel. Other proteins, like CLIC4 (chloride intracellular channel protein 4) or HSPBI

(heat shock protein beta-1) likely shifted due to protein modifications, namely oxidation
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of methionine or cysteine, leading to the appearance of sulfonic acids and the creation
of disulfide bonds. Posttranslational modifications have been identified by MALDI-MS
(e.g. CLIC4: spot 1: AGSDGESIGNCPFSQR (m/z 1680.725) vs. spot 2:
AGSDGESIGNC3xPFSQR (m/z 1728.695). These modifications are not physiological
and often result in permanent and sometimes irreversible structural changes, which may
affect protein function and necessitate replenishment by new synthesis. As expected,
modifications due to oxidation were dominating. Such modifications are in agreement
the property of non-thermal plasma to trigger formation of free radicals, electrons and

ions.
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Figure 11: 2D-DIGE analyses of ENTplas treated S9 epithelial cells. Dual view of
120 s ENTplas treated S9 cells compared to untreated control S9 cells at the time point
of 48 h after treatment. Green spots represent dominantly expressed proteins in the non-
treated control. Red spots represent spots, which are higher expressed in ENTplas
treated S9 epithelial cells and yellow protein spots are expressed nearly similarly in
controls and ENTplas treated cells. Highlighted protein spots contain examples for
posttranslational protein modifications after ENTplas treatment and are enlarged and
further explained in Figure 12.
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Figure 12: Protein modifications detected after ENTplas treatment. Time course of
nine different spots representing modifications of four different proteins of 120 s
ENTplas treated S9 epithelial cells compared to the corresponding untreated control at
each time point (O h, 0,5h, 1 h, 24 h, 48 h and 72 h) after treatment. CLIC4 (chloride
intracellular channel protein 4) and HSPBI (heat shock protein beta-1) show typical
multiple spots with characteristic expression profiles of molecular weight related
modifications, whereas TRXRI (thioredoxin-reductase 1) and SODC (superoxide
dismutase) show characteristical changes of pl and molecular weight caused by
oxidative  changes (e.g. cysteine-modifications and methionine oxidation).
Posttranslational modifications have been identified by MALDI-MS (e.g. CLIC4:
spot_1: AGSDGESIGNCPFSQR (m/z 1680.725) vs. spot_2: AGSDGESIGNC3,xPFSQOR
(m/z 1728.695).
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8. Results

In order to filter out relevant processes and functions, which are affected by ENTplas
treatment, further statistical and bioinformatic methods were used and are described in

the following.

8.3. Principal component analysis demonstrates both: experimental
quality and the appearance of ENTplas treatment-related effects

PCA reduces dimensionality of data and may visualize the correlations and separations
of data subsets (sets of sample replicates or sets of proteins with similar expression
[68]). Each sample is described by a 1505 dimensional vector, defined by the 1505
expression values for every detected protein spot. After dimensionality reduction in a
2D chart, principal components describe the highest variances of the data cloud from n-
dimensional space. Similar samples, such as technical replicates appear in close sets of
data points with equal colour. Different samples appear spatially more distant (see
Figure 13). The appropriate three-dimensional PCA plot (Figure S-1) and all possible
projections of the first three principal components (Figure S-2 A,B,C) can be found in

the supplementary material.

In these figures, equal colour shades represent technical replicates of every condition
(controls — green, 120 s ENTplas treated samples — red). With increasing darkness of
the colour, the post-interventional observation period increased (light shaded early: O h,
0.5 h, 1 h and dark shaded late: 24 h, 48 h, 72 h). The three shown principal components
explain 36.46% (PC1), 15.84% (PC2) and 8.88% (PC3), sum =61.18%, of data

variance.
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Figure 13: Principal Component Analysis (PCA). 2D-plots of the first three principal
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8. Results

The projection of the first and the second principal component (Figure 13 Al and A2)
shows, that short-time observations (0 h, 0.5 h, 1 h) separate clearly from long-time
observations (24 h, 48 h, 72 h) in both untreated controls (arrow 1) and ENTplas treated
samples (arrow 3). Untreated controls are clearly separated from ENTplas treated
samples (arrow 2, Figure 13 A2) and the distance between short and long-time
observation is longer for ENTplas samples, than for untreated controls (Figure 13 A2
and supplemental Figure S-2 A). Similar observations can be excerpted from the
comparison between the first and the third principal component (Figure 13 B1-B3). But
the third principal component highlights the pivotal role of the 24 h time point for
ENTplas treated samples (arrow 3a and 3b Figure 13 B2).

In fact, technical replicates invariably cluster together and thus underscore the adequate
technical quality of these experiments. Moreover, the differences between short-time
and long-time samples both in controls and ENTplas treated samples represent
proliferative differences between these two points of observation. The spatial distance
between short-time and long-time ENTplas treated samples is longer than it is between
the corresponding controls. This difference in distance may represent the changes in cell
status equilibrium observed in the wound-healing model. And at last, the clear offset
between controls and non-thermal plasma treated samples represents the effects caused
by ENTplas treatment. This underlines, that there are effects by non-thermal plasma

treatment and that they interfere with cell status equilibrium and maintenance.

8.4. Statistical comparison and subsequent network analysis of
ENTplas treated samples and their corresponding control
(GeneSpring®-analysis) give first insights into affected cellular
functions and pathways

Protein expression data generated with the Delta2D software were analysed with
GeneSpring®. After normalization, subsequent one-way-ANOVA-testing  (for
parameters see chapter 7.6. Statistical analysis) and fold change filtering (1.5-fold
change) of all possible sample pairs, data were further analysed using Ingenuity

Pathway Analysis (IPA).

For the short-time observation immediately after ENTplas treatment, 435 spots were
significantly changed. 0.5 hours incubation showed 547 significantly changed spots,
whereas 1 hour after treatment 446 spots were changed in comparison to the specific

control for each time point. The long-time observation at 24 hours incubation after
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treatment disclosed 341 spots with fold change greater than 1.5, at 48 hours 344 spots
and at 72 hours incubation 277 spots with significantly changed intensity. All results

show p-values below p<0.05.

Spots, which did not display any difference in intensity over time (0 h to 72 h) or which
could not be identified by MALDI-TOF-MS-identification were excluded. Thus, a
protein index was established (see Table S-1) containing 371 different protein spots for
which an at least 1.5-fold change in intensity was observed in at least one time point of

the time span from 0 h to 72 h.

The network analysis of this protein index allocated differentially expressed proteins to
functional classes and combined expression data with the physiological context (see

Table S-2).

Early after treatment (first time points after treatment) cell death signalling and
oxidative stress response played an important role. Later, cellular reproduction and

cellular growth became more prevalent (see Figure 14-A and Figure 14-B).

A ranking of significantly affected functionally related protein sets showed, that an
increase of cell death related proteins dominate the cellular adaptive network
immediately after ENTplas treatment. This is followed by a temporary decrease for the
following hour and a subsequent increase after 24 h. Functional protein groups related
to protein folding and post-translational modifications dominate the intermediate time
from 0.5 hours to 24 hours. The long-time effect after 48 h and 72 h is characterized by
mutually opposing functional groups: cell death and cellular growth, proliferation and
migration in combination with cellular assembly and organization. A plausible
explanation for this observation could be, that on the one hand a proportion of cells
might be stimulated by ENTplas treatment responding with proliferation, on the other
hand some cells might be severely damaged by the acting stressor and activate the cell

death signalling pathway.
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A Trends of Molecular and Cellular Functions
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Figure 14: Molecular Function and Toxicity Analysis assessed by IPA (Ingenuity
Pathway Analysis). Statistically approved differentially expressed proteins from each
time-condition were assigned to networks (Ingenuity Pathway Analysis). Top 5 rankings
of molecular and cellular functions (A) and top tox lists (B) were plotted against the
time-points after ENTplas treatment. Relevance ranking shows time-dependent
developments and importance for cell-status at the specific time-points. Values and
colour coding are taken from Table S-2 (supplementary material). All results show a p-

value < 0.05. Detailed information including p-values are shown in supplementary
material Table S-2.
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Pathways indicating conspicuously oxidative stress and the oxidative stress response
mediated by Nrf2 mainly characterize the toxic aspect of ENTplas treatment. Later aryl
hydrocarbon receptor signalling and mechanism of gene regulation by peroxisome
proliferators via PPAR-Alpha augment the appearance of hazardous compounds.
PPAR-Alpha/RXR-activation underlines the probable need for energy supply and was
described as a mediator of proliferation induction in the early phase of wound healing
[69]. However, in the initially phase, oxidative stress and the response mediated by Nrf2
to this stress, seems to be the major challenge to the ENTplas treated cells. In addition,
enhanced G2/M Transition of the cell cycle at early time points (0 h and 0.5 h) and
induction of proteins involved in DNA replication, recombination and repair (Figure
14-A) at later times (48 h and 72 h) probably also indicate DNA damage. This fact may

be considered for risk assessment and future toxicity valuation.

8.5. ENTplas-mediated changes in the proteomic profile displayed by
treemaps confirm the appearance of oxidative stress after
ENTplas treatment

Voronoi Treemaps were used to intuitively visualize large data sets. Originally used to
visualize hierarchical structures of software systems [55], an adapted derivative,
previously described by Bernhardt et al. [70] and Otto et al. [67], can serve as a
powerful visualization of hierarchically structured protein functional classifications and
expression data. In this study KEGG Brite ontology was used and adapted according to
the proteins identified in this study. Approximately 1100 identified protein species that
corresponded to 450 genes could be allocated to KEGG Brite functional classes.
Expression data from Delta2D-analysis were used for expression-related colouring of
Treemap cells (see Figure 15; Movie S-1). The section “oxidative stress” including
oxidative stress related proteins, was extracted from the whole data set (A) and coloured
separately for each time point (Figure 15-B: 0 h to 72 h; Movie S-2). Colourization
follows log ratios of normalized expression volumes of ENTplas treated samples
divided by the normalized expression volumes of untreated controls. Negative fold
changes (fold decrease) are coloured in shades of blue, positive fold changes (fold
increase) are coloured in shades of orange. Saturation of orange and blue is reached,

when fold change exceeds +5 for orange and -5 for blue (Movie S-1 and Movie S-2).

This visualization protocol shows, that expression patterns changed substantially with

the duration of cultivation after ENTplas treatment: Examples are shown in Figure 15-
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8. Results

B for members of the proteasome and protein disulphide isomerases, as well as for
proteins involved in heat shock response and detoxification of ROS. These results
suggest, that ENTplas treatment clearly shows effects on treated cells compared to the
untreated controls. The effects and responses to them apparently affect metabolic
pathways and lead to changes of proteins, which are related to oxidative stress.
Furthermore, the 24 h-time point after ENTplas treatment seems to be crucial for cell
status and determination of cell fate, supporting the results previously described from

principal component analysis.
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Figure 15: Visualization of large data sets by Voronoi Treemaps. Resulting Treemaps
from general analysis of time-related effects of ENTplas treatment in comparison to the
corresponding untreated controls in S9 human epithelial cells. Identified proteins were
sorted into individualised KEGG-BRITE hierarchy (A). The section “oxidative stress”,
containing oxidative stress related proteins from Fehler! Verweisquelle konnte nicht
efunden werden., was extracted from this general hierarchy and displayed for the time
course from 0 h up to 72 h (B). Each tile in the structural hierarchies represents one
identified protein and was coloured by logarithmic normalized expression values (%
volume, normalized by the specific Cy-2-standard) from Delta-2D quantities. The
isoluminant divergent colour gradient encodes expression changes: white coloured tiles
show a fold change of ‘1’. Blue shaded tiles represent proteins with negative fold
change (lower expression in ENTplas treated samples in comparison to the untreated
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8. Results

control) and shades of orange represent proteins with higher fold change than ‘I’.
Saturation of blue and orange is reached at an expression level five times higher or
lower than the corresponding control.

8.6. Correlation of protein expression patterns displayed by
Hierarchical Clustering

In order to describe the differences in the expression profiles between all samples, all
data were clustered hierarchically. This was done on the assumption of Euclidean
distance metric and average linkage as supported by the TMeV-module of the Delta2D
software package. Hierarchical sample clustering [68] illustrates relationships of the
overall proteomic profiles of samples (top tree in Figure 16, Figure S-4 on DVD) and
spot expression profiles (left tree). The colours of heat map cells represent expression

values of all analysed protein spots (total: 1505).
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Figure 16: Hierarchical Clustering of detected 2D-DIGE protein spots by sample
condition and expression profile. Hierarchically clustered (Euclidean Distance
measurement and “average” linkage method) log-transformed expression protein
values. 12 samples are shown vertically on the x-axis (sample order is defined on the
right side). Spot-expression-values are shown horizontally on the y-axis. High
expressions are coloured orange, low expressions are coloured blue and missing
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8. Results

expressions are coloured grey. Dendrograms, both on x- and y-axis, represent the
Euclidean Distance between the samples. Hierarchical clusters are subsumed on the
third level on the x-axis and on the 24" level on the y-axis. The clusterdendrogram for
the samples are roughly grouped in the higher-level clusters, replicated gels merged
prior for each sample. The clustering did not use any sample or replicate information.
Cluster structure in the rows resulted from grouping of proteins with similar expression
profiles (row dendrograms are shown on left side). Specific identified proteins from K-
means cluster 3 and 4 (see Figure 17) are highlighted black (K-means cluster 3) and
grey (K-means cluster 4) on the right side of the hierarchical cluster.

As already shown by PCA analysis, replicates of the same sample cluster together (data
not shown — all replicates were grouped in Figure 16). Demonstrating the experimental
quality. Furthermore, controls and ENTplas treated samples are distinctly separated
from each other supporting the idea that ENTplas treatment affects airway S9 epithelial
cells. For ENTplas treated samples, the 24 h-incubation replicates separate clearly from

all other time points, while 48 h-, and 72 h-incubation replicates approach the controls.

8.7. K-means-Clustering as an assumption-free approach for regulated
protein recruitment out of a large data set

In order to find spots, which are similarly expressed over the time of observation, a so-
called K-means-clustering was performed using TMeV. This analytical procedure [68]
calculates a given number of clusters with different centres. Initialization, which is the
definition of k spot centres for clustering, occurs randomly. Therefore, multiple
initializations (KMS — k-means supported) may compensate for different outcomes of
the clustering approach for a single initialization. After that, every expression profile
from the data will be allocated to the best fitting cluster. Thus, spots with similar
expression behaviour over time are summarized in spot-lists for each cluster. The time
course is shown in a two-dimensional diagram with samples on the x-axis and
expression intervals on the y-axis. Spot-ID-lists with appending identifications were

exported and analysed by using the IPA software package for network analysis.

According to the observed expression changes, a K-means-clustering with 10 clusters
(see Figure 17 and S-3) was calculated by the means of the Euclidean Distance of the
genes (=spots). With help of these clusters, effects of plasma-treatment can be detected
and described. By this means, several expression profiles can be differentiated as

described in the following:
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Differences between untreated controls and ENTplas treated samples show a typical off-
set (see Figure 17: Cluster 1, 6, 7, 8, 9 and 10). This supports the results from the
principle component analysis and furthermore subsumes proteins, which are responsible
for these effects, into more detailed clusters. Cluster 1, 2, 5 and 8 isolate proteins
showing long-time incubation effects. Again, the two specific clusters 3 and 4 represent

the particular features of the 24 h time point of ENTplas treated samples.

Cluster 1 Cluster 2 Cluster 3
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Figure 17: Protein expression profile analysis by K-means clustering. Overview of
clusters was computed by TMeV included in Delta2D. Expression profiles from every
spot were compared with these given clusters and assorted to the best fitting one. The x-
axis shows different groups of samples. The plotting scheme is displayed as a legend
below the clusters. From the left to middle, controls in ascending incubation time from
0 h to 72 h are plotted. From the middle to the right, ENTplas treated samples are
plotted in ascending incubation time from 0 h to 72 h. On the y-axis, the expression-rate
is displayed. Each value is marked with the standard deviation of assorted protein
expression values for this specific time point. The horizontal line marks value '0". Values
above that line show higher expression, values below that line lower expression,
respectively.
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8. Results

8.8. Network analysis of calculated K-means Cluster using Ingenuity
Pathway Analysis (IPA) suggests underlying molecular functions
of likely expressed protein subsets

Only identified proteins out of the K-means-clusters were used for IPA network
analysis. Resulting networks were visualized and corresponding relationships were
summarized. Conclusions can be drawn in combination with the previous K-means-
clustering, regarding which pathways are affected and furthermore, how cells react to
the treatment. Expression-profiles from K-means-clustering define the assignment of
the allocated proteins of those clusters. Thus, combination of both observations is
necessary. Summaries of clusters and network-analysis-summary can be found in the

supplementary material (Figure S-3).

In order to ascertain the focus on the molecular adaptation reactions of epithelial cells to

ENTplas treatment, functionally representative clusters are presented:

Clusters 1,3 and 10 contain proteins, which are up regulated in comparison to the
specific control. Networks from Cluster 1 indicate both, the appearance of post-
translational modifications, protein folding, gene expression but also cell death,
oxidative stress response and DNA Replication, Recombination and Repair. Proteins
from this cluster represent both preservation of metabolic capability and cellular stress,
including life-threatening stress. Cluster 3 includes proteins, which are specifically up
regulated after 24 hours after ENTplas treatment. In contrast, the antagonistic cluster 4
includes proteins, which are specifically repressed after 24 hours after treatment. Protein
subsets of clusters 3 and 4 are highlighted in Figure 16. At a first glance, the
corresponding networks represent similarly affected functions, e.g. post-translational
modifications, protein folding and cell-to-cell signalling. However, the toxic aspects
differ profoundly. While cluster 3 represents proteins from PPAR-Alpha and RXR-
Alpha activation, cell cycle damage checkpoints and gene regulation by peroxisome
proliferators, cluster 4 represents predominantly oxidative stress response via Nrf2, cell
death, aryl hydrocarbon receptor signalling and hypoxia-inducible factor signalling.
This might be an indication that 24 hours after ENTplas treatment cells begin with
cellular assembly and that cell death might play a subordinated role as long as cells are
able to respond to cellular stress factors. These notions gain support from a comparison
of clusters 5 and 7. Although it is showing an offset between controls and ENTplas

treated samples, the trend between short-time and long-time response to ENTplas
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treatment is interesting: Proteins in the networks from these clusters represent cellular
growth and proliferation, post-translational modifications, protein synthesis but also cell
death. Interestingly they coincide with the oxidative stress response via Nrf2. Nrf2-
signalling plays a key-role. It has to be pointed out that proteins from these clusters
show only slight differences between treated samples and corresponding controls, and
thus did not appear in analyses presented above, because those were restricted to
stringent fold changed differences between untreated controls and their corresponding
ENTplas treated samples. However, a trend analysis in-between the treated samples
provides additional insight how effects proceed over time. In addition, cluster 10

represents proteins antagonistic to cluster 7.

One can see, that both analytical approaches from chapter 8.4 and this capture result in
similar conclusions, but from two different points of view. While the first approach
relates to the comparison between ENTplas treated samples and their corresponding
control for each time point separately, the second approach is exclusively related to the

time-dependent expression profile.

8.9. Immuno Blot analysis of cytosolic Nrf2 expression confirms the
involvement of this oxidative stress related regulator

Statistical analyses of the proteomic experiments revealed an important role of oxidative
stress response mediated by Nrf2. Unfortunately, Nrf2 itself was not detected with the
2D-DIGE-approach, but only Nrf2-related network-partners. In order to confirm effects
of ENTplas treatment on Nrf2 expression in S9 epithelial cells, Immuno Blot analyses
were performed, using the same protein extracts of the 2D-DIGE-experiment. For this

purpose, antibodies against Nrf2 and Keap!1 (see Figure 18) were utilized.

Levels of Nrf2 were significantly reduced after ENTplas treatment compared to control
samples. For all analysed time points (0 min up to 72 h), bands of lower density were
detected in treated samples compared to the corresponding non-treated controls (Figure
18-A). Quantitative image analyses confirmed these observations with a p-value of

< 0.005 for all time points (Figure 18-B).
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Figure 18: Validation of by Immuno Blot analyses of Nrf2 and Keapl cytosolic
concentrations after ENTplas treatment. (A) Cytosolic concentrations of Nrf2 and
Keapl in non-treated control and ENTplas treated S9 epithelial cells are displayed for
each time point 0 h up to 72 h after treatment. Immuno Blotting of Nrf2 in S9 epithelial
cell extracts shows that Nrf2 disappears after ENTplas treatment while Keapl
undergoes several modifications by ENTplas treatment. The filters were reprobed with
an anti-GAPDH mAb to ensure equal loading of the gels. (B) Results from quantitative
image analysis of band densities. Statistical testing with students t-test opened
statistical significance (p < 0.005) between untreated controls and ENTplas treated
samples regarding Nrf2 expression for all time points.

Because of the oxidative stress presumably triggered by ENTplas treatment, Nrf2

probably dissociates from the complex formed by Keapl with Nrf2 and translocates into
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the nucleus, where it binds to other proteins and subsequently to the DNA [71], [72].
Therefore, the reduction of cytosolic Nrf2 levels in ENTplas treatment affirms further

findings concerning Nrf2 mediated oxidative stress response [73—-80].

8.10. Cytosolic concentrations of full length IL-1beta and IL-
33 are decreased in S9 epithelial cells after ENTplas
treatment, suggesting processes of stimulation and
modulation of immune-related cytokines

Immuno Blotting of intracellular cytosolic full-length IL-1 beta and IL-33 reveals a
decrease of these pro-interleukins in S9 bronchial epithelial cells 30 minutes and 48
hours after ENTplas treatment in comparison to non-treated control cells (see Figure
19). Both interleukins were described as pro-inflammatory cytokines, which furthermore
are associated with immunological responses [81], [82]. They are known to be
processed under pro-inflammatory conditions via caspase-1 to the particular mature
forms, which function as intracellular transcription factors as well as secreted cytokines,

which target T-cells and other immune-related targets [83—87].

0.5h 48h
control ENTplas control ENTplas

IL-1 —
(31 kDaB) b -

L-33 - -
(30 kDa)
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Goron D DD =

Figure 19: Cytosolic IL-1 beta and IL-33 levels after ENTplas treatment determined
by Immuno Blotting. Expression of IL-1p and IL-33 in non-treated control and
ENTplas treated S9 epithelial cells are displayed for the time points 0.5 h and 48 h after
treatment. Immuno Blotting of S9 epithelial cell extracts shows that both IL-1[3 and IL-
33 cytosolic protein amount is decreased dramatically after ENTplas treatment. The
filters were reprobed with an anti-GAPDH mAb to ensure equal loading of the gels.
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9. Discussion

The effects of non-thermal plasma onto human cells have so far not been extensively
studied on protein level. However, such proteomic studies will likely contribute to a
better mechanistic understanding of detectable effects, such as, wound healing [15],
[17] and apoptosis [3]. Recently it was demonstrated that reactive oxygen species
(ROS) appear not only in non-thermal plasma treated cells, but also in the cell culture

medium [3], [41].

This thesis provides an overview about how low-temperature plasma treatment affects
the protein pattern of human host cells and also illustrates which bio-informatics and
statistical techniques may be applied in such analysis. Thus, the thesis presents a
workflow for experiments evaluating plasma effects on various tissues for improving
care in chronic medical conditions. Wound healing was accelerated at 120 sec plasma
exposure in a clinically relevant extent, suggesting a beneficial role in the postoperative
period. Proteomic data can help to uncover the molecular mechanisms mediating the
observed effects. Furthermore, the application of proteomic approaches in risk

assessment will be discussed.

The need for the exploration of the interactions between non-thermal plasma treatment
and living cells was recently emphasized [41]. Kalghatgi et al. investigated specific and
hypothesis-derived markers for effects like increases in intracellular levels of reactive
oxygen species (ROS) or DNA damages. Our proteomic approach complements and
extends such a targeted approach. While ROS cannot be observed directly by our
method, molecular and metabolic reactions of the cells can indicate the presence of
ROS and demonstrate the influence of ROS on cellular structures. Furthermore, it was
possible to monitor the strategies of living cells responding to non-thermal plasma
stimulation and to define associated biomarkers. These indicators may be subsequently
used for risk assessment and quality management of application of non-thermal plasma

sources in clinical settings.

Obviously, there are also challenges, which had to be addressed in order to design a
practical and reliable method. In addition, specified statistical methods need to be used
in order to filter out relevant changes and information. The presented description is a

proposal of how to manage these complex issues.
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9.1. The influence of non-thermal plasma treatment on
wound healing

Non-thermal plasma treatment of S9 epithelial cells in a wound healing model showed
diverse effects, which are dependent on the applied dose of plasma. While relatively
mild doses of up to 60 seconds show just a small effect on wound healing, a moderate
dose of 120 seconds accelerates wound healing. In contrast, higher doses (240 sec and
360 sec) result in significantly impaired wound healing (240 sec) or even to no

measurable healing activities (360 sec).

ROS play an important role in non-thermal plasma applications, as shown in the results
and as already described by several authors (see above). Although the underlying
mechanisms remain still predominantly unclear, a hypothesis based on the new aspect

of Nrf2-signalling will be drawn in the following.

Regular wound healing of entire tissues containing multiple layers and different cell
types has four phases: first, the initial phase fulfilling haemostasis, second phase
establishing an inflammation, the third phase of granulation and at last the fourth phase
with remodelling and maturation [88], [89]. This system cannot be applied to the
presently used wound model, since only epithelial cells in a cell culture dish were
examined. This model lacks of multiple layers, blood vessels, immune cells and
different cell types. Hence, the focus is on the aspect of reepithelialisation. Here, cell
migration into the wound bed and cell proliferation in the wound surrounding areas are
discussed to be the major sources for epithelialisation of the wound [90]. In order to
migrate into the wound area, cells need to detach from their underground. This aspect
was already examined for keratinocytes. Landsberg et al. [61] were able to show, that
non-thermal plasma treatment of HaCaT —cells influences the cell adhesion. The loss of
cell adhesion after 30 sec exposure to non-thermal plasma is necessary for subsequent
cell migration. Nitric oxide, produced by inflammatory cells in regular wound healing
seems to have a great influence on cell migration [91]. It is known, that non-thermal
plasma contains distinct amounts of nitric oxides [12], [92], [93]. Thus, non-thermal
plasma may contribute to cell migration after alteration of tissue integrity. Additionally,
our results outline a higher proliferation activity after non-thermal plasma treatment
compared to untreated controls, which highlights the second aspect of reepithelialisation

for the wound surrounding areas more in detail.
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9. Discussion

In order to explain wound-healing support, Nrf2 emerged as a possible key player due
to the induction of oxidative stress stimulation by non-thermal plasma application.
Every wound shows inflammation accompanied by oxidative stress after a distinct
latency time after alteration [94], [95]. Additionally, macrophages can secret hydrogen
peroxide for bacterial decontamination [96-98]. Host tissues have to protect themselves
from this aggressive environment. Due to the oxidative nature, Nrf2 is a major regulator
of stress reaction [78], [79], [99], [100]. Experiments with Nrf2 knockout mice showed
prolonged inflammatory phases [101], [102]. Thus, direct activation of Nrf2-pathways
by non-thermal plasma treatment may help to control or prevent the inflammatory phase
and subsequently reduce time of latency before the cellular phase of wound healing can
start. These hypotheses have to be confirmed in further experiments. But the supporting
ability of Nrf2 should be addressed, when examining wound healing after non-thermal
plasma treatment. Furthermore, the possible contribution of nitric oxides from the
applied plasma should be in focus as the cause of various phenomena like angiogenesis

and cell migration.

9.2. The role of Nrf2 in ROS-induced intracellular oxidative
stress environments after non-thermal plasma
treatment

Our results indicate that oxidative stress and the related cellular response play an
important role after treatment with non-thermal plasma. Both statistical approaches
(time-related and control-related approaches) showed concordantly, that oxidative stress
and response to oxidative stress, mediated by Nrf2, are placed in the top 5 rankings of
toxicities. Thus, presence of ROS and the resulting oxidative stress / damage can be
assumed. Although the mechanisms of oxidative stress cannot be explained in detail,
several hints were found among the protein patterns and network analyses, that support
already described pathological mechanisms [103], [104]. The present findings include
direct modifications and damage of proteins, which were likely caused by the oxidative
intracellular environment due to accumulation of reactive oxygen species. The
responses to damage, that ROS elicited in cellular organelles and structures, like heat
shock protein interactions, DNA repair or apoptosis, also support this notion. Table 2
summarizes effects, which ENTplas treatment can have on human epithelial cells and
combines them with detected and affected proteins of our analyses, especially for the

oxidative stress response.
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9. Discussion

Furthermore, the results from K-means-clustering and the control-related statistical
analyses with subsequent network-analyses indicate, that oxidative stress response leads
to two diverse responses of cell metabolism. Namely, cellular assembly and
proliferation, as well as, cell death and apoptotic activities, which are both associated
with different temporal response patterns to non-thermal plasma treatment. While non-
thermal plasma treatment shifts the equilibrium between cell death and proliferation in
favour of apoptosis and cell death signalling during the first 24 hours after treatment,
cellular growth and proliferation on the other side are favoured after 48 hours. These
findings suggest, that there exists a mechanism that either drives cells into cell death or
mounts adaptive responses allowing survival of low-temperature plasma treatments.
These observations may also explain the findings that non-thermal plasma treatment can
turn a chronic wound to an acute wound with a better healing probability [18], [105],

[106].

Network-analyses can reveal probable key players for such regulatory mechanisms. In
this analysis Nrf2 emerged as one leading player in the cellular response to non-thermal
plasma treatment. Adding Nrf2 (NFE2L2) to the present list of proteins, which were
identified by 2D-DIGE and subsequent MALDI-TOF-MS-identification and performing
a subsequent network analysis with IPA links Nrf2 with a selection of proteins, which
were altered after non-thermal plasma treatment and were identified by our analyses

(see Figure 20).
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Figure 20: Ingenuity Pathway Analysis network of MALDI-TOF-MS identified
proteins from statistical analysis. Direct and indirect relations, described in the
literature, between identified and unidentified proteins are displayed. Proteins, which
were identified by MALDI-TOF-MS in upper airway epithelial S9 cells, are highlighted
in grey. Nrf2 (NFE2L2, red frame) was added due to the identification by the Immuno
Blot assay. The resulting network is composed of 57 focus molecules characterized by
“post-translational modifications”, “protein folding” and “cancer”. The Score is 87.
Molecular and cellular functions show “cell death”, as well as “cellular growth and
proliferation” and “cellular function and maintenance”. The Top Tox lists are headed
by “Nrf2-mediated oxidative stress response” and ‘“oxidative stress”. The computed
network shows, that Nrf2 fits perfectly into previously found network relations and takes
a central place in between the displayed relations.

Nuclear factor (erythroid-derived-2)-like 2 (Nrf2) is known as a ubiquitously occurring
transcription factor, encoded in the NFE2L2-gene [107]. Under normal conditions Nrf2

is bound to the Keapl protein in the cytosol of the cell. Keapl constantly ubiquitinates
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9. Discussion

Nrf2 in the absence of oxidative agents, which leads to proteasomal degradation of Nrf2
[108], [109]. Increased levels of oxidative or electrophilic agents cause a disruption of
cysteine residues in Keapl and the release of Nrf2 in to the cytosol [110], [111]. In this
case Keapl gets ubiquitinated and subsequently degraded by the proteasome. The
released Nrf2 is now able to translocate into the nucleus and binds there to the DNA at
specific ARE (Antioxidant Response Element)-sites [112]. These ARE-regions are
located in the upstream regions of several specific antioxidative genes. Binding of Nrf2
to the ARE-region starts the transcription of the associated downstream genes. Products
of these genes like glutathione-S-transferase (GST), heme oxygenase-1 (HO-1) or
thioredoxins, possess anti-inflammatory properties (HO-1) [113] and contribute to the
control of intracellular oxidative stress [114]. Elevated levels of GST, TRXR1 and
others have been found in the 2D-DIGE experiment. Our proposal of Nrf2-activation
via non-thermal plasma treatment and the subsequent cascade is summarized in Figure

21.

Immuno Blot analysis confirmed the cytosolic decrease of Nrf2 levels in S9 cells after
non-thermal plasma treatment. These findings suggest, that Nrf2 plays an important role
in oxidative stress response, previously described by several authors [71-73], [75], [77],
[78], [80], but also may be a part of regulatory interplays, which can lead to both: cell
survival and to cell death. These issues have already been addressed before in different
contexts. Oxidative stress, regardless if caused internally or externally, is often linked
with ageing and cell death [71], [73], [115]. Proliferation-inducing abilities of Nrf2-
signalling, which support the results of dose-dependent, accelerated wound healing
effects in ENTplas treated epithelial cells, have also been noted [73], [116], [117].

Nevertheless, these effects need to be studied in more detail.
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Figure 21: Hypothetical scheme of non-thermal plasma treatment cell stimulation via
the Nrf2-pathway. Based on our results, it can be hypothesized, that non-thermal
plasma treatment induces oxidative stress with increased amounts of intracellular
reactive oxygen (ROS) and nitrogen (not shown here) species. Interactions of ROS with
Keapl lead to the release of Nrf2 into the cytosol and subsequent translocation into the
nucleus, where Nrf2 binds to specific ARE-regions and induces transcription of
downstream regions containing antioxidative components. Direct and indirect functions
and interplays of these Nrf2-related products represent the major oxidative stress
response in our experiments.
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9. Discussion

9.3. Biomarkers for further analyses, risk assessment and
plasma-source designing
Network-analyses and time related statistical analyses of expression profiles identified
different proteins, which are related to cellular oxidative stress responses (see Table 2)
and can therefore serve to monitor cellular reactions to this treatment and indicate the
cellular stress status. These candidates could be used as possible biomarkers for further
studies in order to evaluate effectiveness and toxicities of non-thermal plasma
treatments or even for the design of new plasma sources. The hypotheses-free approach

leading to these candidates is a clear advantage in biomarker screening.

Furthermore, because of the detection of apparently dose dependent apoptotic activity
and DNA [41] of non-thermal plasma treatments, tools for the assessment of the
associated risk are necessary before any application in daily medical routine can be
envisioned. UV-irradiation related DNA damage is known to be mutagenic and is
related to increased occurrence of carcinogenesis. Even if direct damages of the
ultraviolet fraction of the non-thermal plasma or of ROS-interactions with the DNA
have not been detected, Kalghatgi et al. [41] provided evidence that non-thermal plasma
treatment only of the cell culture medium caused an increase in DNA strand scissions in
subsequent cell cultivations. This underlines the pivotal role of ROS dependent DNA
interactions. For further analyses of additional - so far unknown - side effects, these
specific biomarkers must be validated in individual experiments. A proteomic approach
monitoring simultaneously over 1000 protein spots can be considered as an in-depth
method for characterization of non-thermal plasma-related effects and risks. Even fine
adjustments in development of plasma sources and follow-up quality controls can be
performed using proteomic approaches. Costs, and complexity of analysis have to be
reduced in order to establish a method that is suitable for daily use and routine.
Multiple-reaction-monitoring-assays- (MRM) based mass spectrometry for up to 50
target proteins derived form an initial in-depth analysis might be a compromise,

fulfilling at least some of the requirements.

9.4. Other potential ENT-specific applications of non-thermal
plasma

Wound healing is important for every surgical field and consequently improvements

and new applications for the support of healing wounds are of interest. Based on the
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presented results, postoperative treatment directly after surgery should be beneficial for
wound healing outcome. Another issue is the treatment of chronic wounds. Bender et al.
[18] showed, that non-thermal plasma treatment turned a chronic wound on a dog’s
nose into a healing acute wound. These findings open a large field of possible
applications for all fields of surgery. In addition to the support of wound healing, some

other applications of non-thermal plasma in the ENT-field are conceivable.

The ability to induce blood clotting with a direct non-thermal plasma treatment is a
promising method for minimal invasive and tissue preservative treatment of
intraoperative and postoperative bleedings, since non-thermal plasma does not destroy

the tissues but induces undirected clotting.

Another aspect is the disinfection respectively decontamination of skin, mucosa and
other surfaces. Removing localized growing bacteria for example in the upper airways
pre or post surgery or even as a sole treatment is beneficial for wound healing on the
one side, but more important it can be a promising treatment of bacteria-related
diseases. This is especially true for acute and chronic inflammation as well as diseases,
which are related to immune responses to bacterial antigens. Staphylococcus aureus and
especially MRSA can cause severe infections and furthermore their super antigens are
newly associated with chronic diseases like bronchial asthma, nasal polyps and chronic
rhino sinusitis [118], [119]. Non-thermal plasma can possibly be used for inactivation or

removal of those triggers.

Finally it would be beneficial, if non-thermal plasma treatment can be used for direct
modulation of immune responses of the target tissues. First discoveries among
lymphocytes regarding sensitivity to non-thermal plasma treatment of different
subpopulations and changes in the ratio of T- and B-cells [120] were the reason to
perform further experiments with the non-thermal plasma treated airway epithelial cells.
Alterations of two different interleukins after non-thermal plasma treatment of epithelial
cells have been observed in this thesis and probably indicate the ability of ENTplas
treatment to modulate the immune response. Although the preliminary data show the
disappearance of IL-33 and IL-1 beta from the cytosol of ENTplas treated S9 epithelial
cells, which cannot be explained fully with the present experimental setup, the
suggestion of immune system modulation by non-thermal plasma treatment should be
the subject for further studies. A therapeutic treatment with non-thermal plasma would

be conceivable also for other chronic diseases such as bronchial asthma, chronic rhino-
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9. Discussion

sinusitis as well as allergic diseases. Besides, experimental set-up enables translation for
all various cell lines to extend areas for possible plasma treatment to all parts of chronic

medical conditions.
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Supplemental material

1. Figure S-1

Three-dimensional Principal Component Analysis. 3D-plot of the first three principal
components of Principal Component Analysis (PCA) from the protein expression data
separates all analysed samples. Each dot represents one sample with its technical
replicates. Controls are coloured green, ENTplas treated samples are coloured red.
Lightest shaded dots represent samples analysed immediately after treatment (0 h). The
darker the dots become, the later the samples were analysed (0.5 h up to 72 h).
Differential expression between untreated controls and ENTplas treated samples and
between short-time and long-time effects were interesting for interpretation. The
resulting model indicates a general effect of ENTplas treatment to the cells at each
analysed time point. Furthermore, differences between short-time and long-time
incubation can be observed.




Appendix

Cluster Label
]
co_30min
co_60min
co_24h
co_48h
co_72h
pl_120s_Omin
pl_120s_30min
pl_120s_60min
pl_120s_24h
pl_120s_48h

pl_120s_72h

Color

il N




2. Figure S-2

Two-dimensional plotting of the first three principal components of PCA. 2D-plots of
the first three principal components of PCA from the protein expression data separate
all analysed samples. Values conform to these, from Figure 13. Due to three-
dimensional model pictured two-dimensionally, all three possibilities in comparison
were displayed separately. (A) Shows the comparison between the first (x-axis) and the
second (y-axis) principal component. (B) Comparison between the first (x-axis) and the
third (y-axis) principal component and (C) second (x-axis) and third (y-axis) component
compared. Separation between controls and ENTplas-treated samples and separation
between short-time and long-time observation are detectable.
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3. Figure S-3

Merged results from K-means Clustering and Ingenuity Pathway Analysis. Summary
of clusters from K-means-clustering with resulting expression-profiles from all analysed
spots are combined with the corresponding results from subsequent network analyses
using IPA and the table of K-means cluster assorted proteins: ten different K-means
clusters were computed by TMeV. Expression profiles from all 1505 protein spots were
compared with these given clusters and spots were subsequently assorted to the best
fitting computed expression profile cluster. The x-axis shows different quadruples of
samples (including technical replicates — indicated by subscript numbers). From the left
to middle, controls are plotted in ascending incubation time from 0 h to 72 h. From the
middle to the right, ENTplas-treated samples are plotted in ascending incubation time
from 0 h to 72 h. On the y-axis, the expression-rate is displayed. The horizontal line
marks value '0'. Values above that line show higher expression, values below that line
lower expression, respectively. In addition, summary results from network-analysis
using Ingenuity Pathway Analysis (IPA) are displayed. Spot-lists of identified proteins
from the K-means clustering were analysed separately for each cluster. Direct and
indirect relationships were considered. Resulting networks, molecular and cellular
functions, as well as top tox lists are displayed. Corresponding spot-lists are displayed
separately. Protein names and information were appended via Ingenuity Pathway
Analysis-software package, whereas proteins, resulting in multiple spots on the 2D-

PAGE, are noted with a “D”. This overview combines statistical results with their
corresponding biological relevance.
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Appendix

I Notes | Symbol Entrez Gene Name Location Type(s)
u @H@ r ACTB HUMAN _[D___[ACTB clin, beta Cyloplasm ofver
ACTB HUMAN _[D___[ACTB actin, beta Cyloplasm ofher
ACTG_HUMAN D ACTGT actin, gamma 1 Cytoplasm other
g ACTG_HUMAN D[ ACTGT ciin, gamma 1 Cyloplasm other
. ACL6A_HUMAN ACTL6A actin-like 6A Nucleus other
FETA_HUMAN AFP alpha-feloprolein Extracellular Space | transporter
ALDOA_HUMAN ALDOA aldolase A, fruct Cytoplasm enzyme
. ANXA3_HUMAN ANXA3 —annexinA3 Cyloplasm enzyme
ANXA6_HUMAN ANXAE annexin A6 Plasma Membrane | other
RHGOT_HUMAN ARHGAPT | Rho GTPase aclivating protein 1 Cyloplasm ofher
. CALR_ HUMAN _[D CALR calreticulin Cyloplasm Transcription regulator
CALR_HUMAN _[D___[CALR calreticuln Cyloplasm Transcription regulaltor
CALR_ HUMAN _[D CALR calreticulin Cyloplasm Transcription regulator
: CBRA_HUNAN CBRY Carbonyl reduciase 4 unknown enzyme
CLIC4_HUMAN CLIC4 chloride intracellular channel 4 Plasma Membrane [ ion channel
. COR1B_HUNAN COROTB | coronin, actin bindig proten, 18 ofher
CPNET_HUMAN CPNET copine | Transporier
CPNE2_HUMAN CPNE2 copine’ other
) . T CRK_HUNAN TRK V-crk sarcoma virus CT 10 GRcogens Romolog (avian) other
T e CATB_HUVAN CTSB cathepsin B peptidase
/ ——— QBUX04 TWC27 CWC27 spliceosome-associated protein homolog (S. cerevisiae) enzyme.
-— — = — DCTNT_HUMAN DCTNT dynactin T other
o~ Ji DPYLZ HUMAN DPYSLZ 7 enzyme.
e / ENOA_HUMAN ENOT endase 1, (alpha) Transcription regulator
4 —— e d VTDB_HUMAN GC "group-specific component (vitamin D binding protein). ar Space | transporter
- . GDIA HUVAN D[ GDIT GDP dissociation inhibitor 1 ofher
GDIA_HUMAN D GDI1 GDP dissociation inhibitor 1 other
- GELS_HUMAN GSN gelsolin jar Space | other’
HNRPK_HUMAN [D HNRNPK nuclear K
HNRPK_HUMAN IZWH K heterogeneous nuclear ribonucleoprotein K
- HS90A_HUMAN HSPIOAAT | heat shock protein 90kDa alpha (cylosolic), class A member 1
HS90A_HUMAN _|D | HSPIOAAT | heal shock profein 90KkDa alpha (cytosolic), class A member 1
. HS90A_HUMAN HSPI0AAT | hedl shock protein S0KDa alpha (cytosolc), class A member 1
‘GRP78_HUMAN HSP/ heat shock 70kDa protein 5 (glucose-regulated protein, 78kDa)
GRP78_HUMAN D[ HSPA: el shock 70KDa protein 5 (glucose-regulated protein, 78kDa)
. GRP75_HUMAN HSPAD heal shock 70KDa protein 9 (mortalin)
'CH60_HUMAN HSPD1T heat shock 60kDa protein 1 (chaperonin)
TRGQ_HUMAN IRGQ immunity-related GTPase famiy, Q
. SYK_HUMAN KARS TysyHRNA synthetase
TMA7_HUMAN KPNAG karyopherin alpha 6 (imporin alpha 7). Transporter
T e T TR . K1C9_HUMAN KRT9 Kerafin 9
I P F I B I A ERNE I - H H P & 5 & 4 5 & i & E i i i _TRFL_HUMAN D LTF
[ T A A L I I - - b b T Of £ 5 5 5 £ &5 3 g § i i TRFLAUMAN D id
FORE I O O A iii 44 $ 0§ ¢ ¢ 4443811k £ 58 808 8 8 & 8 & & o o o OB HUMAN MCNE Gomplex component &
FI B B R S R R s s d ¢ ¢ & &R G H i 0% § i F & 4 & & i & i § i WAOXHUMAN MET malic enzyme 1, NADP(+)-dependent, cylosolic
MRET1_HUMAN MRETTA MRE 11 meiotic recombination 11 homolog A (S. cerevisiae)
NPLT_HUMAN NAPTLT | nudkosome assembly proein 1-Tke 1
NP1L4_HUMAN D NAP1L4 nudeosome assembly protein 1-like 4
NP1L4_HUMAN D NAPTL4 nudeosome assembly protein 1-like 4
. : e NP1L4_HUMAN _|D NAPTL4 | nudeosome assembly protein 1-Tke 4
Associated Network Functions Score Molecular and Cellular Functions p NDUST_HUMAN NDUFST | NADH (Ubiquinone) Fe-S protein 1, 75kDa (NADH-coenzyme Q reductase)
- - 06— NNMT_HUMAN NNMT nicotinamide N-methyltransferase Tyloplasm enzyme.
ﬂww a.:mmm_msa_ Cel Death M wwmmw 128 NUCBT_HUMAN |D___|NUCBT nudeobindin 1 Cytoplasm ofher
1 ication, 50 . s NUCB1_HUMAN _|D NUCB1 nudeobindin 1 Cytoplasm ofher
. (Cancer, Cell Post-Translational 1,04E-05 — P4HAT_HUMAN PAHAT probl 4-hydroxylase, dpha poljpeptide | enzyme
Morphology 12,94E-02 /12 PDIA3_HUMAN _|D PDIA3 rotein disulfide somerase fami peplidase
PProtein Folding 1,04E-05 — PDIA3_HUMAN D [PDIA3 Toten lsulfide Somerase fam peplidase
Post-Translational 3. 337E-03/5 PDIA_HUMAN _|D PDIA3 rolei disulfide somerase fami peptidase
Modification, Protein - PDIA4_HUMAN D PDIA4 rotein disulfide isomerase fami ‘enzyme
Foling 3 P lar Movement M wwmww T 9 PDIAG_HUMAN D PDIAZ role disulide somerase fam enzyme,
3 - PDIA4_HUMAN D PDIA4 rotein disulfide isomerase fami enzyme
Inflammatory Cellular Growth and |3, 18E-04 — PDIA?_HUMAN _|D PDIAT prolen disulfide somerase fami enzyme
Disease Proliferation #‘ T4E-02 MW“&\H&R”H D WW“M rotein disulfide mw:_mmmmm fami M”MWHM
; . 2AAA_HUMAN __[D PPP2RTA__| protein phosphatase 2, regulatory A alpha phosphatase
Cell Death, Gene Top Tox Lists p-value/Ratio 2ARA_HUMAN D PPP2RIA__| prolein phosphatase 2, regulatory subunit A, alpha phosphalase
Expression, DNA Mechanism of Gene  [4,31E-04 /4/95 2ARAHUMAN [ [PPPZRTA [ profein phosphatase 2, regulatory subunit A, alpha Phosphatase
3 Replication, 25 Regulation by (0,042) 2AAB_HUMAN PPP2R1B__| protein phosphatase 2, regulatory subunit A, beta phosphatase
Recombination and 1. Peroxisome KAPO_HUMAN PRKARTA__| protein kinase, cAMP-dependent, regulatory, type I, alpha (Issue speciic extinguisher 1) kinase
Fer P v PPAR L L L S I i —
pha e
D RCNT_FUMAN _[D _ [RCNIT 7, EF-hand calcum binding domain Cyloplasm ofher
(Genetic Disorder, 2 PPAR-Alpha/RXR- 3,32E-03 /4165 RCNT_HUMAN D RCNT reficulocabin 1, EF-hand calcum a_a,M Gomain o«,sgmma other
Metabolic Disease, Alpha Activation 1(0.024) TF65_HUMAN RELA vrel viral oncogene homolog A (avian) Nudeus transcription regulator
Cellular 2 NRF2-mediated 7,14E-03 / 41205 STABP_HUMAN STAMBP | STAM binding protein Nucleus enzyme
Development Oxidative Stress (0,02) STML2_HUNAN STOMLZ Stomalin (EPB72)1ike 2 Plasma Membrane | other
SWP70_HUMAN SWAP70 'SWAP switching B-cell complex 70kDa subunit Cytoplasm other
Endocrine System 1,84E-02/3/150 060506 SYNCRIP binding, cyloplasmic RNA interacting protein Nudleus ofher
Development and 002 TCPAHUNAN DTGP [ reonsiocT Cropism ohar
Function, Smal Decrease Permeability |1,85€-02/1/5 TMTL2_HUMAN TONHLZ [ Target of myb1-Tke 2 (chicken] Unknown Transporter
5. Molecule 2 Transition of (0.2) TSNAX_HUMAN TSNAX [ transin-associated facor X Nudleus Transporter
Biochemistry Lioi Mitochondria and Q7% TUBATA [ Tubuin, aipha 1a Cyloplasm ofher
I0C! w_._‘_m:.K ﬁd Mitochondrial TBATB_HUMAN D TUBATB tubulin, alpha 1b Cytoplasm other
Metabolism Membrane P68363 D TUBATB | ubuiin, alpha 1b Cyloplasm ofher
TXND5_HUMAN TXNDCS thioredoxin domain containing 5 reticulum) Cytoplasm ‘enzyme
TRXR1_HUMAN TXNRDT Thoredoxin reductase 1 Tyloplasm enzyme.
UBQL1_HUMAN D [UBQLNT Cyloplasm offer
. . . UBQL1_HUMAN _[D UBQLNT Cytoplasm other
VIME_HUMAN D VIM Cytoplasm other
Total 162 spots, 92 proteins identified out of 59 spots 1 . o T —L
WRR7> HTAN WRT? I renaa A 77 ke har
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Appendix

D Notes Symbol Entrez Gene Name Location Type(s)
O —: mﬂﬁu. u ACTGHUVAN [D__[ACTG1 Cyloplasn oher
ACTG_HUMAN |D  |ACTG! Cytoplasm other
o~ ACTG_HUMAN [D  |ACTG! Cytoplasm other
" ACTG_HUMAN [D__|ACTGI Cyloplasm ofher
: ACTG HUMAN D |ACTG! Cytoplasm other
ANXA2_HUMAN ANXA2 Plasma Membrane |other
s ATPB_HUMAN ATP5B ATP synthase, H+ transporting, mitochondrial F1 complex, beta polypeptide Cytoplasm transporter
VATB2_HUMAN ATPEV1B2 ATPase, H+ transporting, lysosomal 56/58kDa, V1 subunit B2 Cytoplasm transporter
. CALDT_HUMAN |D  [CALD1 caldesmon 1 Cytoplasm other
CALDT_HUMAN |D  [CALD1 caldesmon 1 Cytoplasm other
CALR_HUMAN CALR Cytoplasm transcription regulator
: CALU_HUMAN [D  [CALU lumenin Cytoplasm other
CALU_HUMAN D [CALU calumenin Cytoplasm other
. N CALU_HUMAN _|[D__[CALU calumenin Cyloplasm other
/ CALU HUMAN |D  |CALU calumenin Cytoplasm other
. / CALU_HUMAN |D  [CALU calumenin Cytoplasm other
/ /, CPNE1_HUMAN CPNE1 copine | unknown transporter
. . —— \ / \ DPYL2_HUMAN DPYSL2 i i lke2 Cytoplasm enzyme
= R Pa— 7 ERP29_HUMAN ERP29 protein 29 Cytoplasm fransporter
e | . . Q9BS26 D [ERP44 protein 44 Cytoplasm enzyme
. e 098526 D __|eRPH doplasmic reiculum protein 44 Cyloplasm enzyme
EZRI_HUMAN EZR ezrin Plasma Membrane |other
. SYG_HUMAN  [D GARS glycyHRNA synthetase Cytoplasm enzyme
SYG HUMAN |D  |GARS glycyRNA synthetase Cytoplasm enzyme
HNRPF_HUMAN HNRNPF heterogeneous F Nucleus other
- HS90B_HUMAN HSP90AB1 heat shock protein 90kDa alpha (cytosolic), class B member 1 Cytoplasm other
ENPL_HUMAN |D HSP0B1 heat shock protein 90kDa beta (Grp94), member 1 Cytoplasm other
“ ENPL HUMAN [D  |HSP90BT heat shock protein 90kDa beta (Grp94), member 1 Cytoplasm other
GRP78 HUMAN |D  |HSPAS heat shock 70kDa protein 5 (glucose-regulated protein, 78kDa) Cytoplasm other
. GRP78_HUMAN [D HSPA5 heat shock 70kDa protein 5 (glucose-regulated protein, 78kDa) Cytoplasm other
HSP7C HUMAN | |HSPAS heat shock 70kDa protein 8 Cytoplasm enzyme
GRP75_ HUMAN |D  |HSPAY heat shock 70kDa protein 9 (mortalin) Cytoplasm other
- GRP75_HUMAN [D  [HSPAY heat shock 70kDa protein 9 (mortalin) Cytoplasm other
HYOU1_HUMAN [D HYOU1 hypoxia up-regulated 1 Cytoplasm other
. - I R N : T P T H G ; ; ;HYOU! HUMAN D  |HYOU1 hypoxia up-regulated 1 Cytoplasm other
u u ﬂ EE LG A £ & i0ovalt D [HYOUT hypoxia up-regulated 1 Cytoplasm other
iof i 42§44 & ¢ 1 1 4 n I R SRy m m 5 IMMT_HUMAN IMMT inner membrane protein, mitochondrial Cytoplasm other
s LI A B L A B g8 8888 L = L = % 8 8 & % ETA3HUMAN [D [ITGA3 integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) Plasma Membrane [other
. . . ITA3_HUMAN  |D. ITGA3 integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) Plasma Membrane |other
Associated Network Functions  Score Molecular and Cellular Functions p-value/Molecules TR FUNAN_[D [T Ttegt, aha 3 (anigen CDA9C, apha 3 subuitof VLAL3 recepto] Plsma Nembrane_[ober
Post-Translational Post-Translational 1,06E-10 — SYK_HUMAN KARS IysyHRNA synthetase Cytoplasm enzyme
Modification 5,00E-02 /19 LG3BP_HUMAN LGALS3BP lectin, galactoside-binding, soluble, 3 binding protein Plasma Membrane
1 61 Protein Folding 1.06E-10 — NACA_HUMAN NACA nascent polypeptide-associated complex alpha subunit Nucleus transcription requlator
2. m.mmm.om /8 P4HA2_HUMAN P4HA2 prolyl 4-hydroxylase, alpha polypeptide II Cytoplasm enzyme
Amino Acid m.omm.ou _ PDIAT_HUMAN P4HB prolyl 4-hydroxylase, beta polypeptide Cytoplasm enzyme
. ’ PDIA3_HUMAN |D PDIA3 protein disulfide isomerase family A, member 3 Cytoplasm peptidase
Compromise, Metabolism 2,19E-02/6 PDIA3_HUMAN |D  |PDIA3 protein disulfide isomerase family A, member 3 Cytoplasm peptidase
2 Inflammatory 2a Small Molecule 3,06E-07 — POIAG_HUVAN [0 [PDIAd prolein diulide somerese famlyA, member & engyme
Response, Lipid : Biochemistry 4,39E-02 /17 PDIA¢_HUMAN |D__|POIM protein disulide isomerase famiy A, mermber 4 enzyme
Metabolism Cell-to-Cell Signaling |4,16E-06 — PDIA6_HUMAN PDIAS protein disuffide isomerase family A, member 6 enzyme
Dermatological 5. and Interaction 5,00E-02 / 16 PEPD_HUMAN PEPD peptidase D peptidase
W,mwwsmm m:no ti Top Tox Lists p-value/Ratio wﬂmﬁrdﬁvz “mww,snznmm EG:5245) | prohibitin Mﬂwﬁmﬁ.g_‘ regulator
onditions, Genetic |
3 Disorder, Cell-to- % 1 Mﬁﬂwﬁmqwﬂ_ﬂwx. “omomwmb.vo 3/4/165 PLOD3_HUMAN [D  |PLOD3 procollagen-ysine, 2-oxogutarate 5-dioxygenase 3 enzyme
Cell Signaling and Mochanism of Gene |3 wmm.ow T3% PLOD3_ HUMAN |D  [PLOD3 procollagen-ysine, 2-oxogutarate 5-dioxygenase 3 enzyme
Interaction Regulation by o 032 KAPO HUMAN | |PRKARTA protein kinase, cAMP-dependent, regulatory, type |, alpha (tissue specific extinguisher 1) kinase
,’ogméswa ) nwmox_moam y (0,032) GLU2B_HUMAN | |PRKCSH protein kinase C subsrate 0K-H enzyme
Disorder. Amino Proliferators via PPAR- PRS6B_HUMAN PSNIC4 proteasome (prosome, macropain) 26S subunit, ATPase, 4 peptidase
" ’ PSME1_HUMAN PSME1 proteasome (prosome, macropain) adtivator subunit 1 (PA28 alpha) other
4 Acid Metabolism, 2 Alpha . PSME2_HUNAN PSME2 proteasome (prosome, macropan) adiivator subunit 2 (PA28 beta) peplidase
m.am z_o._mo:_m Cell Cycle: G2/M DNA |5,57E-03 / 2/35 RCNT_HUMAN [D_|RCNT reficulocalbin 1, EF-hand calcum binding domain other
y 3 Damage Checkpoint |(0,057) RCNT_HUMAN [D__[RONT ing domein oter
5 . . Regulation _ RONT_HUMAN _[D__[RONT teficulocalb 1, EF-hand calcum binding domain oter
wmﬁmmwm _uw::mmv ity “Qm%vm.om /15 RCNT_HUMAN D [RCNT reficulocalbin 1, EF-hand calcum binding domain other
ransition o g TF65_HUMAN RELA verel viral oncogene homolog A (avian) ranscription regulator
4 Mitochondria and SF3B2_ FUVAN P38 splcing facor 3b,subunit2, 145kDa . other
Mitochondrial SPRC_HUMAN [D [ SPARC. secreted protein, acidic, cysteneich (osteonedtin) other
Membrane SPRC_HUMAN [D [ SPARC. secreted protein, acidic, cysteine-fich (osteonectin) other
5 PXR/RXR Activation  [2E-02 / 2/68 SPRC_HUMAN [D | SPARC. secreted protein, acidic, cysteine-rich (osteoneciin) other
(0.029) F10A1_HUMAN ST13 suppression of tumorigenicity 13 (colon carcinoma) (Hsp70 interacting protein) other
TBA1B_HUMAN TUBA1B tubulin, alpha 1b other
TBB2C_HUMAN TuBB2C tubuiin, beta 2C other
TXND5_HUMAN TXNDCS thioredoxin domain containing 5 (endoplasmic reficulum) enzyme
1 1 1 1433E_HUMAN YWHAE tyrosine 5 acfivation protein, epsilon polypeptide | Cyloplasm other
‘H,me.— @w mﬂﬁﬂmu ﬂm @ﬂoﬁﬂwzm wQOSQmOQ OCH Om. m—. ~ mHuOHw 1433Z_HUMAN YWHAZ tyrosine 5 activation protein, zeta polypeptide | Cytoplasm enzyme
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Appendix

L o Notes Symbol Entrez Gene Name Location Type(s)
ACTB_HUMAT TB actin, beta Cytoplasm other
:w @~. ACTG_HUMA) [ACTG' Cytoplasm other’
ACTG_HUMA! G Cytoplasm other
[ACTG_HUMAI ACTG Cytoplasm other
[ACTG_HUMA ACTG Cylopiasm other
o ACTG_HUMA ACTG: Cytoplasm other
MTND_HUI il joxygenase 1 enzyme
. ADRM1 HU RWT ing molecule 1 Plasma Membrane | other
AN32E_HUMAI ANP32E ‘acidic (leudine-rich) nuclear 32 family, member E other
ANXAT_HUMA ANXA annexin AT lembrane | other
N ANX/ annexin A2 lembrane | other
ANXAE annexin A5 lembrane | other
ATP5 ATP synthase, F+ Gansport TFT complex, beta polypeptide Cyloplas ransporer
BASP brain abundant, membrane attached signal protein 1 Plasma Membrane | other
. BTFILA basic ranscripton factor 31ke 4 unknown other
C200RF3 0 open reading frame 3 Plasma Membrane | other
CAPNST calpain, small subunit 1 Cytoplasm peplidase
3 CAPZAT capping protein (actin filament) muscle Z-line, alpha 1 Cytoplasm other
CBX1 chromobox homolog 1 Nucleus other
b [ccts haperonin containing TCP, SUbunt’5 (epston) other
N b CT5 “chaperonin containing TCP1, subunit 5 (epsilon) other
TCPE_HUMAN | D CT5. chaperonin containing TCP1, subunit 5 (epsilon) Cytoplasm other
CHM4B_HUMAN HMP4B chromatin modifying protein 48 Cytoplasm other
P — [COXEA_HUMAN OXBA Ccylochrome ¢ oxidase suburit Va Cytoplasm enzyme
N / B S A CPNET_HUMAN PNET copine | unknown transporter
/ \ . CATD_HUMAN CTSD cathepsin D Cytoplasm peptidase
/ /o CX026_HUMAN CXORF28 chromosome X open reading frame 26 unknown other
— ——. 7 DCPS_HUMAN DCPS decapping enzyme, scavenger lucleus enzyme
. / DDAH1_HUMAN DDAHT dimethylargini T toplasm enzyme
-/ DNJA2_HUMAN DNAJAZ DnaJ (Hsp40) homolog, subfamily A, member 2 lucleus enzyme
a . o - DC1I2_HUMAN DYNC112 ‘dynein, cytoplasmic 1, intermediate chain 2 Cytoplasm other
——. e EF1B_HUMAN EEF1B2 ‘eukaryotic translation elongation factor 1 beta 2 Cytoplasm translation regulator
EF2_HUMAN EEF2 eukaryotic translation elongation factor 2 Cytoplasm Translation regulator
B TF1AX_HUMAN EIF1AX iation factor 1A, X-linked Cytoplasm translation regulator
000303 EIF3F ion factor 3, subunt F Cytoplasm ranslation reguiator
IF4A1T_HUMAN EIF4A1 factor 4A1 Cytoplasm translation regulator
EIF4B factor 48 Cytoplasm translation regulator
- 7R Plasina Membrane | other
FKBP4_HUMAN FKBP4 FK5086 binding protein 4, 59kDa Nucleus enzyme
FSTL1_HUMAI FSTLT folistatin-like 1 Extracellular Space | other
" GANAB_HUMAN | D GANAI ‘glucosidase, alpha; neutral AB Cytoplasm enzyme
GANAB_HUMAN | D GANAI glucosidase, alpha; neutral AB Cytoplasm enzyme
GRAPT_HUMAN [ D | GRIPAPT GRIPT assodiated protein 1 fasma Membrane |other
. GRAP1_HUMAN [D GRIPAPT GRIP1 associated protein 1 lasma Membrane | other
HNRPF_HUMAN | HNRNF ribonucleoprotein lucleus other
HNRH1_HUMAN [ HNRNPHT H1 (H) lucleus other
HNRPK_HUMAN | D HNRNP} eterogeneous nudear ribonucieoprotein jucleus other
- HNRPK_HUMAN | D HNRNPY \eterogeneous nuclear Il protein lucleus other
HNRPU_HUMAN| | HNRNP Tear Toid aftachment fador Al uclous. ransporter
- - - - - - — HS90A HUMAN [D [ HSPSOAAT al shock protein 90KDa alpha (cytosolic). class Amenmber oplasin ofher
R T R e - A A A A A H [T TS R R R R A T i i i i i i[HSS0A HUMAN D HSP0AAT \eal shock protein 90kDa alpha (cytosolic), class Amembx toplasm other
§ 0% 8 8 2 5 2 : 8 : f 3 § E £ 5§ % & 3 3 2 3 P LI T T - - B N B S S A £ 8 & § i I[HSSAHUMAN [D [HSPIAAT 1eal shock protein 90kDa alpha (cytosolic), class Amember ytoplasm other
PRI A I - B - T B 5 i i 03§ 3§ 3§ § 3§ 3§44 ¢ ¢ £ £ ¢ 4 & I[CRP78_HUMAN HSPA! heat shock 70kDa protein 5 (glucose-regulated protein, 78kDa) Cytoplasm other
- I T T - - T T T T O §oE £F0F 4 0% 3§ £ 83§ §:1 ¢ ¢4 § 0§ § § § j[osercrovaN IHSPA heal shock 70KDa protein & Cyloplasm enzyme
o s e g e g g e e g e g e e g dd e 88 e oot r s s s s s s s s s - CH60_HUMAI HSPD heat shock 60kDa protein 1 (chaperonin) Cytoplasm enzyme
TMA2_HUMAL KPN/ Karyopherin alpha 2 (RAG cohort 1, importin alpha 1) Nucleus Transporter
i i i K2C8_HUMAI KRT8 keratin 8
Associated Network Functions Score Molecular and Cellular Functions pvaiue/Molecules LB FAMAT % o A
Cancer, 1 Cellular Growth and  |1,62E-10 — LEGI_HUMA LGALST Tectin, galadoside-binding, soluble, T
. - Y LMNB2_HUMAN LNNBZ Tamin B2
w.mu_‘o%n»zm 6 Proliferation 3,47E02/42 NDRG3_HUMAN NDRG3 NDRG famiy member 3 [Cytoplasm other
ot omscul 2 Post-Translational 1,53E-08 —
Reiubvanmal : Modification 3,47E02/15
i - -
Celluar Assembly 3 Protein Folding 1,53E-08 —
i - 1,17E02/9
land Organization,
2 Genetic Disorder, 39 4 Cell Death 2,50E-06 —
Neurological 3,47E-02/37
Disease 5 Protein Synthesis 1,71E-05 -
Post-Translational c 3 14F02 /15
3 Modification, Protein a1 Top Tox Lists p-value/Ratio
} Folding, Cell NRF2-mediated 2,66E-05/8/205
Morphology 1. Oxidative Stress (0,039)
R N
Drug Metabolism, vmmuo se >
Endocrine System 2 Liver Necrosis/Cell |1,17E-02 /4/150
4. Development and 22 Death (0,027)
Function, Lipid Decrease 2,9E-02/ 1/5
Metabolism Permeability 0.2)
Cellular Assembly 3. Transition of
> . Mitochondria and
land Organization, Mitochondrial
Cellular Movement, 13 Membrane
Cellular
Devel t Increase 3,47E-02 / 2/50
evelopment Transmembrane (0,04)
4 Potential of
. Mitochondria and
Mitochondrial
Membrane
5 Oxidative Stress 4,41E-02 / 2/57
(0,035)

Total 194 genes, 120 proteins identified out of 70 spots
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Appendix

Cluster 6

g 8 8§ § B 8 B B B B OB B 2 :E £ % oomo o § F § & 8 & & & & & g 2 & & § £ 2 g g z g & § ¢
s 0F F 0§ & 8 § & & 8§ & 8 § % 8§ 3 8 § % 8 &+ % :# i @i
Associated Network Functions Score Molecular and Cellular Functions p-value/Molecules
Protein Degradation, Protein Degradation ~ [1,51E-05 —
omn_ _ﬂmwn%sm 9 1,51E05/2
an on, Cell Death 1,25E-04 —
1. Hematological 37 2. ’
System 4,31E02/6
Development and 3 Gene Expression 1,37E-04 -
Function . 4,71E02/6
Molecular Transport, Protein Synthesis 1,37E-04 -
2 Small Molecule 1 2,68E-02/4
Biochemistry, 5 Cellular Development |1,25E-03 —
Infectious Disease . 4,22E02/9
Reproductive Top Tox Lists p-value/Ratio
System Disease ) NRF2-mediated  |2,07E-03 / 3/205
Skeletal and 1. Oxidative Stress (0,015)
Muscular Disorders Response
Decrease 6,31E-03/ 1/5
- - Permeability 0,2)
5. - - 2 Transition of
) Mitochondria and
Mitochondrial
Membrane
3 Oxidative Stress 6,98E-02 / 1/57
) (0,018)
4 Mitochondrial 1,47E-01/ 1/125
) Dysfunction (0,008)
s Cardiac 2,7E-01 1/246
Hypertrophy (0,004)

Total 91 genes, 20 proteins identified out of 17 spots

D Notes Symbol Entrez Gene Name Location Type(s)
ACTB_HUMAN ACTB actin, beta Cyloplasm
ACTGT Cytoplasm
ANXAZ Plasma Membrane
C1QBP Cyloplasm
CALU Cyloplasm
CBX3 Nucleus’
EEF1D Cytoplasm
EIF4E Cyloplasm
RP29 ‘endoplasmic reticulum protein 29 Cytoplasm
0BT heat shock protein 90KDa beta (Grp94), mermber T
AS heal shock 70KDa protein 5 (glucose-reguiated protein, 78kDa]
ACA nascent polypeplide-associated complex alpha subunit transcription reguiator
[5) PM1 (includes EG:4869 transcription regulator
D PM (includes EG:4869) | nudleophosmin (nucleolar phosphoprotein B23, numatrin) transription regulator
LD2 polymerase (DNA direcled). delta 2, reguiatory subunit 50kDa enzyme
RDX4 peroxiredoxin 4 enzyme
SMD4. proteasome (prosome, macropain) 268 Subunit, non-ATPase. 4 Cyloplasm other
SRE signal sequence receptor, delta (ransiocon-associaled profein delta) Cyloplasm other
TMOD3 Tropomodulin 3 (ubiquitous) Cytoplasm other
TPT1 (includes EG7178) [tumor protein, translationally-controlied 1 Cytoplasm other’
QCRT_HUMAN UQCRCT ubiquinoF-cytochrome ¢ reduciase core protein | Cytoplasm enzyme

XV
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Appendix

Continued from Cluster 7

XVl

D Notes Symbol Entrez Gene Name Location Type(s) D otes Symbol Entrez Gene Name Type(s)
FKBP4_HUMAN [D | FKBP4 FK506 binding protein 4, 59kDa Nucleus enzyme OTUBT_HUNA OTUB OTU omain, ubiquilin aidehyde binding 1 olher
GANAB_HUMAN |D ANAB glucosidase, alpha; neutral AB. Cytoplasm enzyme. %&% oﬁw E o«,cﬂ n mmu, Sé, Zamﬂ_ﬁ_ﬂgasﬂ other
GANAB_HUMAN | D ANAB glucosidase, alpha; neutral AB ytoplasm enzyme. ABPZ_AL r Poly(A) binding protein, nuclear other
GDIB_HUNAN DIz DP dissociation inhibior 2 yloplasm other %KRM i “MW«M» %&%u ”nwmwﬁ ! et
LGUL_HUMAN LO1 glyoralase | Cylopiasm enzyme ATE2_HUMA AFAHTBZ platelet-activatng factor acetyhydrose T, catalyic subunit (30KDa] foplasm enzyme
GLRX3 HUMAN |D LRX3 glutaredoxin 3 oplasm enzyme AK2_HUMAI PAK2 21 protein (Cdc42/Rac)-activated kinase 2 yloplasm Kinase
076003 D LRX3 glutaredoxin 3 ytoplasm enzyme CNA_HUMA! PCNA nuclear antigen lucleus other
GMFB_HUMAN GMFB gl maturation factor, beta Cyloplasm growth factor FOIAS_ HUVA A3 foplasm peplidase
GBBT_HUMAN GNBT quanine nucleotide binding protein (G protei). T Plasma Membrane | enzyme PDIAG_HUVAN |D 176 Cyioplasm enzyme
GBBZ_HUMAN GNBZ ‘quanine nucleotide binding protein (G protei), beta polypeptide 2 Plasma Membrane | enzyme DIA6_HUMAN |0 126 Cytoplasm enzyme
GRB2_HUMAN GRB2 ‘growth faclor receptor-bound protein 2 Cyloplasm ofher DXK HUMAN XK Cytoplasm Kinase
15170 GSPTI G1to S phase transifon 1 Jfoplasm ranslalion reguiator EATS_HUMAN PEATS phosphoprolein enriched i astrocytes 15 Cytoplasm ransporter
ERF38_HUMAN GSPT2 GT10'S phase transition 2 ytoplasm translation regulator \Mﬂu&yﬂpz uuﬂo peptidase D I — Qpﬂu_mwa Hu_ﬁmmmm
GSHB_HUNAN GSS gutathione synthetase Cyloplasm enzyme SR PeE phosp e enzym
GSTO1_HUMAN GSTOT glutathione S-transferase omega 1 ytoplasm enzyme 80661 LN onias E=
GSTP1_HUMAN [D___[GSTP1 glutathione S-transferase pi 1 yioplasm enzyme PLST_HUMA AL Vioplasm other
GSTPI_HUMAN |D [ GSTPT gltathione S-transferase pi 1 Cyloplasm enzyme RPB3_HUVA POLRZC ucleus onzyme
GSTP1_HUMAN [D___[GSTP1 [itathione Stransferase pi 1 yloplasm enzyme PYR_HUMAN _|D A foplasm enzyme
HDAC2_HUMA! HDAC2 d lase 2 ucleus transcription regulator | TPYR_HUMA! D A toplasm ‘enzyme
HDGF_HUMAN _|D___|HDGF D growth factor Aracel ‘growth factor IPYR_HUMAN [D__[PPA: Vioplasm enzyme
HDGF HUVAN |D__[HDGF o growth factor dracel growth factor PPMIG_HUMAN 9 protein phosphatase, Mg2 #/Nin2+ Gependent, 1G ucleus phosphatase
HOGF_HUMAN D [HDGF o growth factor racel growth faclor 1A_HUNA PPPICA protein phosphatase 1, calalylic subuni, alpha isozyme Vioplasi phosphatase
HDGF HOVAN [0 [FoGF m Siowth factor dacd Srowth factor PP1B_HUMAY PPPICB protein phosphatase 1. , beta kozyme ytoplasm phosphatase
SHIDHHUM HBAGH Jopasm e PPTR7_HUMAN R7 protein phosphatase 1. regulatory (nhibitor) subunit 7 ucleus phosphatase
SulbH. A8 HUMAN [D__|PPP2CB protein i , beta isozyme vioplas phosphatase
_HMCS1 HUMAN [D __ [HMGCST oA synthase 1 (soluble) yioplasm enzyme PP2AB_HUMAN [D | PPP2CE protein phosphatase 2, . bela isozyme foplasm phosphatase
HMCS1_HUMAN_|D HMGCS1 3. oA synthase 1 (soluble) Cytoplasm enzyme. PP4C_HUMAI protein phosphatase 4, catalytic subunit foplasm phosphatase
ROAA_HUMAN HNRNPAB udleus enzyme PPPs HUA P prolein phosphatase 5-catalyic subunt icieus phosphatase
FANRPC_HUMAN |D RNPC C (C1/c2) ucleus ofher PPP6_HUMAN D protein ) ucleus. phosphatase
FANRPC_HUMA RNPC C(C1/c2) ucleus ofher HUMAN D protein phosphatase 6, catalytic subunit ucieus phosphatase
HNRPC_HUMAN |D RNPC c(cl/c2) ucleus other PPP6_HUMAN [D [PPP6C protein phosphatase 6. catalylic subunt Nucleus phosphatase
HNRPF_HUMAN D NPF 3 udlous other PRDX2_HUMAN PROX2 peroxiredoxin 2 yioplasm enzyme
“HNRPEHUMA RNPF 3 cious other PROX4_HUMAN PROXA peroxiredoxin 4 oplasm enzyme
FNRETHUMAN HNRNFHT i) Nideus oo PO_HUMAY PRKARTA protein kinase, cAMP-ependent, requialory. ype 1. alpha (lssue specific extinguisher] Cytoplasm Kinase
TNRPKHUVAN 15— FNRNPK . K Nt e A3 HUMAN D [PSMA3 proteasome (prosome, macropain) subunit. alpha type, 3 oplasm peplidase
HNRPK_HL A3_HUMAN D SMA3 proteasome (prosome, macropain) suburi oplasm peplidase
_HNRPK_HUMAN D HNRNPK K Nudeus other SB10_HUMA! PSMBI0 proteasome (prosome, macropain) subuni toplasm peptidase
HNRPK_HUMAN _|D HNRNPK K other PSB4_HUMAI SMB4. proteasome (prosome, macropain) subun plasm peplidase
HNRPK_HUMAN | D HNRNPK in K other SB7_HUMAI PSMB7 proteasome (prosome, macropain) subuni plasm peptidase
HNRLZ_HUMAN HNRNPULZ Ulke 2 oher RS7_HUMA S proteasome (prosome, macropain) 265 subun ucieus peplidase
HS90A_HUVAN _|D PIUAR ‘eat shock protein 90kDa alpha (cytosolc), class A ofher 17980 S proteasome (prosome, macropain) 265 subun ucleus ranscription reguiator
FS90A_HUWAY POOAR eat shock profein 90KDa alpha (cytosoli A other PRSGA_HUVAN SH proteasome (prosome, macropain) 265 subun ucleus ranscription regulator
TIS50A_FUNAY POOAR at shodk prolein 90KDa alpha (cytosolic). olass A other PRSGA_HUMAN | ¢ S proteasome (prosome, macropain) 26 subunit, ATPase. ucleus. ransoription regulator
FouA a0 [reront e 0. i 200 s (ool o e P st o oo Blmane o, e} 5 st e e
nm%»w gw MWMR Mm M M ““”M” wm” ”M M w MH M ” M M SD10_HUMA] SMDT0 proteasome (prosome, macropain) 265 subunit, non-ATPase, 10 Cytoplasm Transcription regulator

S i - Gass A SD13_HUMAY SMD13 proteasome (prosome, macropain) 265 subunt, non-ATPase, 13 oplasm peplidase
HS90A HUMAN 1D 0AA ‘eat shock protein 90kDa alpha (cytosolic) other SMD2_HUNA SNID: proteasome (prosome, macropain) 265 subuntt, non-ATPase. yioplasm other
HS90A_HUMAL PYOAA \eat shock protein 90kDa alpha (cytosolic) A other >SMD5_HUMA SMD! proteasome (prosome, macropain) 26 subunit, non-ATPase, ytoplasm other
HS90A_HUMAT D PO0AA eat shock protein 90kDa alpha (cytosolic), A other SMD5_HUMA SMD: proleasome (prosome, macropain) 26S subunit, non-ATPase, ytoplasm other
FS908_HUNAN _|D PIOABT eat shock protein 90kDa alpha , Class B member 1 ofher PSVET_HUMA PSMET proteasome (prosome, macropain) actvalor subunit 1 (PAZ8 alphal Vioplasm ofher
HS90B_HUVAN _|D PIOABT at shock protein 90kDa alpha Class B member 1 ofher SME1_HUM PSMET proteasome (prosome, macropain) activator subunit 1 (PA2 alpha) oplasm other
ENPL HUVAI Po0B1 eat shodk prolein 90KDa befa (Grp%4), member 1 other SMEZ_HU! SMEZ proteasome (prosome, macropain) acivator subunit2 (PAZB beta) oplasm peplidase
HSP74_ HUMAN |D A ca shock 70KDa protein 4 other SME2_HUM PSME2 proteasome (prosome, macropain) acivator subunit 2 (PA2 beta) yioplasm peplidase
HiSPT4 HUMAN |D Ad eat shock 70KDa prolein 4 other SME3_HUI SME3 proteasome (prosome, macropain) activator subunit 3 (PAZ8 gamma; K] oplasm peplidase
TSP7C_HOVAN e sl shock T0KDa brolin & enyme D23A_HUNAY AD23A RAD23 homolog A (S. cerevisiae) ucleus ofher
HEPB1 HUMAN B ot o 27H0a prowin T e ANG_HUMA ANBPT RAN binding protein 1 Nucleus ofher

CN1_HUMAI T reficulocalbin 1, EF- Goman Cytoplasm other
HSBT1_HUMA SPBIT eat shock prolein family B (small), member 11 other RINL FAUMAN i ehibor 1 Crtosaart oher
HS105 HUMAN _|D ISPH eat shock 105kDa/110kDa protein other RPE_HUMAN E ribulose-5-phosphate-3-epimerase. unknown enzyme
HS105_HUMA D ISPH: eat shock 105kDa/110kDa protein other QONQG5 D18 regulation of nudear pre-mRNA domain containing 18 unknown other
HS105_HUMAN _|D SPH at shock 105KDa/110KDa profein other RSSA_HUWAN A bosomal protein SA Plasma Membrane | rans merbrane receplor]
HS105_HUMAN _|D SPH eat shock 105KDa/110KDa profein ofher [RUVB2_HUMAN |D BL2 Nucleus ranscription regulator
1DF3A_HUMAN |D__ [IDFBA NAD*)alpha onzyme [RUVB2_HUMAN |D BL2 Nucleus ranscription regulator
1DH3A_FUMAN |0 [IDF3A 3 (NAD+) alpha enzyme AET_HUMAN D T UMO1 actvaling enzyme suburit 1 Cytoplasm enzyme
TDH_HUMAN D11 isopentenyl-diphosphate delta isomerase 1 enzyme AET HUMAN | D AET UMOT activating enzyme subunit 1 Cyloplasm enzyme
NEMO_HUMA KG inhibitor of kappa light polypeptide gene enhancer In B-cells, Kinase gamma Kinase s o scereet Mwwwﬂﬁwﬁaamm 1 mhnown I s
_LDHB_HUMA H lactate ] enzyme SET_HUMAT SE nudlear oncogene ucleus. phosphatase
_PSHT_HUMAN D PRET leucine proine: d (eprecan) 1 enzyme SET_HUNAT SE nudear oncogene ucleus phosphatase
_P3H1_HUMAI b E1 leucine pr d (leprecan) 1 enzyme SET_HUMAI SE nuclear oncogene’ lucleus phosphatase
P3H_HUMAN _|D PREI eucine proine: d (leprecan) 1 enzyme SET_HUMA SE nudear oncogene ucleus. phosphatase
TEGT_HUMAT ALST lectin, galactoside-binding, soluble, 1 ofher 14335_HUM SFI n oplasn other
“LPPRC_HUNAN PPRC Teucine-ich PPR-mofif containing oher 14335_HUMA SFi ratiin yioplasm ofer
[KHAG_HUNAN TAIH Teukotrene A4 hydrolase Cyloplasm enzyme SGTA_HUMAY SGTA repeal (TPR]-containing, alpha oplasm ofher
LZTL1_HUMAN ZTFLT Teucine Zipper transcription factor-like 1 unknown other | SH3G1_HUMAN | D H3GL -domain ytoplasm other
MARET HUMAN [B—[MAPRET Cytoplast other [SH3GT_HUMAN |D H3GL -domain Vioplasm ofher
MARE1_HUMAN | D MAPRET microlubule-associated protein, RP/EB family, member 1 Cytoplasm other [SH3GT_HUMAN |D HIGL -doman loplasm other

= 3 HLB1_HUMA H3GLBT -domain vioplasm enzyme
MATR3_HUMAN MATR3 matrin 3 Nudleus other [SHLBZ_HUM H3GLB2 (includes EG56904)| SH3-domain e endophiln B2 yloplasm other
AMPMZ_HUMAN METAPZ methionyT 7 Cytoplasm peplidase [SPSY HUMAN [D—TSMsS Spermine sy nkoon enyme
Q9BVEE D |METTLIA ke 11A unknown ofher [SPSY FHUMAN [D WS Sporming syn Unknown onzyme
Q9BVEE D [WETTLTA ke T1A unknown ofher [SNX6_HUMAN |D__[SNX6 Sorling nexin Cytoplasm ransporter
MPI_HUNAN WPT mannose phosphate isomerase Cyloplasm enzyme SNX6_HUMAN D [SNX6 Sorling nexin Cytoplasm ransporter
MSH2_HUMAN _|D [ MSHZ mutS homalog 2, colon cancer, Type 1 (E. ool ucleus enzyme SODC_HUMAT SODT Superoxide dismutase 1, soluble Cytoplasm enzyme
MSH2_HUMAN _|D [ WSHZ mulS homalog 2, colon cancer, fype 1 (E_col) ucleus enzyme SPEE_HUMA SRM spermidine synihase unknown enzyme
MVP_HUMA} MVP major vaut protein udleus other mmmw‘umes mmwm mmsmma_z;mﬁmm %cwma@ U:n"ms o””a
MYL3_HUMAI MYL3 myosin, light chain 3, alkall ventriculer, skeletal, Slow ytoplasm other | Sernelargnine-rich splicing factor ucleus oiher
NACA_HUMAT NACA nascent polypeplide-associated complex alpha subunit udeus transcription regulator| Mﬂm - ﬂ%» a mﬂz o Suppresck 13 {eolon carcinoma) (Hsp70 interacting protein) wﬂmnwwn oher
ULAT_HUMAN NAET NEDD activating enzyme E1 subunt 1 Cytoplasm enzyme STRAP_HUMAN [D___ | STRAP. Kinase receplor associated protein Plasma Membrane | other
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Appendix

Cluster 8

Associated Network Functions

Score

Genetic Disorder,
Skeletal and
1 Muscular Disorders,

55

Cell Death, RNA
2 IPost-Transcriptional

54

Cellular Function
3 land Maintenance,
INeurological
Disease Cell Death|

42

Cellular Assembly

land Organization,

4 Cell Death, Cellular
Function and

24

5

C

21

Molecular and Cellular Functions p-value/Molecule

1. Cellular Growth and  |3,62E-09 —
Proliferation 3.08E-02 / 55

2 Cell Death 3,42E-07 —
346E-02 /44

3 Cellular Function and |2,18E-06 —
Maintenance 3.77E-02 / 22

4 Cellular Movement 1,07E-05 —
2.78E-02 /28

5 Cellular Assembly and|2,58E-05 —
Organization 3.77E-02 / 34

Top Tox Lists

p-value/Ratio

NRF2-mediated
Oxidative Stress

4,95E-03 / 6/205
(0,029)

Response
Increase 6,61E-03 / 3/50
Transmembrane  |(0,06)
2 Potential of
lochondri
ochondrial
b
3 Aryl ..,?Q-onm_‘_uo: 2,88E-02 / 4/151
Receptor Signaling [(0.026)
Decrease 3,77E-02 / 1/5
©0.2)
4
Mitochondria and
Mitochondrial
A b
s BRaRiee Stress  [7,07E-02/ 257

(0.035)

Total 224 genes, 180 proteins identified out of 120 spots

D Notes| Symbol Entrez Gene Name Location Type(s)
SYAC_HUMAN AAR! alanyl-tRNA synthetase Cytoplasm enzyme
ACTB_HUMAN |D__|ACTI actin, beta Cytoplasm other
ACTB_HUMAN _|D ACTH actin, beta Cytoplasm other
ACTG_HUMAN |D ACTG1 actin, gamma 1 Cytoplasm other
ACTG_HUMAN |D__|ACTG1 __|aclin, gamma 1 Cytoplasm other
ACTG HUMAN |D__|ACTG1 __|actin, gamma 1 Cytoplasm other
ACTN4_HUMAN |D ACTN4 actinin, alpha 4 Cytoplasm other
ACTN4_HUMAN [D___|ACTI adlinin, alpha 4 Cytoplasm other
ARP3_AUMAN |D__|ACTR "ARP3 actin-related protein 3 homolog (yeast) Piasma Membrane | other
ARP3_HUMAN D ACTR ARP3 actin-related protein 3 homolog (yeast) Plasma Membrane | other
ALSAT_HUMAN ALDHOAT |aldehyde 9 family, member AT Cytoplasm enzyme
ANXA2_HUMAN ANXA2 | annexin A2 Piasma Membrane | other
ANXA5_HUMAN ANXAS annexin A5 Plasma Membrane | other
ACPH_HUMAN APEH N i peplide hydrolase Cytoplasm peplidase
VATB2_HUMAN ATP6V1B2_| ATPase, H+ transporing, lysosomal 56/58kDa, V1 subunit B2 Cytoplasm transporter
BCCIP_HUMAN BCCIP Nucleus other
BID_HUMAN BID Cytoplasm other
BLMH_HUMAN BLMH bleomycin hydrolase Cytoplasm peplidase
BIEA_HUMAN BLVRA biliverdin reductase A Cytoplasm enzyme
C1QBP_HUMAN ciqBP component 1. q binding protein Cytoplasm other
CAPG_HUMAN |D | CAPG capping protein (actin filament e Nucleus other
CAPG_HUMAN |D CAPG capping protein (actin filament ke Nucleus other
CAZA2_HUMAN CAPZAZ | capping protein (actin flament) muscle Z-iine. alpha 2 Cytoplasm other
CAPZB_HUMAN CAPZB | capping protein (actin flament) muscle Z-line, beta Cytoplasm other
ICAL_ HUMAN _|D CAS calpastatin Cytoplasm pepidase
ICAL HUMAN _|D___|CAS calpastatin Cytoplasm peplidase
ICAL HUMAN _|D | CAS calpastatin Cytoplasm peplidase
ICAL_HUMAN _|D CAST Calpastatin Cyloplasm peplidase
TCPB_HUMAN CCT2 chaperonin containing TCP1, subunit 2 (beta) Cytoplasm kinase
TCPG_HUMAN CCT3 chaperonin containing TCP1, subunit 3 (gamma) yioplasm other
TCPQ_HUMAN cCT8 chaperonin containing TCP1, subunit 8 (theta) Cytoplasm enzyme
CLIC1_HUMAN CLICT chioride intracellular channel 1 ucleus fon channel
CNDP2_HUMAN [D___|CNDP2 NDP 2 M20 famiy) yioplasm peplidase
CNDP2_HUMAN | D CNDP2 CNDP 2 Cytoplasm peptidase
CNDP2_HUMAN [D CNDP2 CNDP 2 M20 family) Cytoplasm peptidase
SRC8_HUMAN CTIN cortadin Piasma Membrane | other
Q14203 DCTN1 dynactin 1 Cytoplasm other
DDB1_HUMAN DDBA ‘damage-specific DNA binding protein 1, 127kDa Nucleus other
0DOZ_HUMAN DLST dihydrolipoamide S-succinyliransferase (E2 component of Z-oxo-glutarate complex) | Cytoplasm enzyme
DNJCO_HUMAN DNAJC | DnaJ (Hsp40) homolog, subfamiy C, member 9 unknown other
DC112_HUMAN DYNC1I2 dynein, 1, chain 2 Cytoplasm other
EF1B_HUMAN EEF1B2 | eukaryolic translation elongation factor 1 beta 2 Cytoplasm transfafion regulator

J[EIF3G_HUMAN [0 |EIF36 eukaryotic transiation initiation factor 3, subunit G Cytoplasm ranslafion regulator
{o75821 D [EIF3G eukaryolic transiation iniliation factor 3, subunit G Cytoplasm Translation regulator
“[IF4AT_HUMAN EIF4AT___| eukaryolic translation infiation factor 4A1 Cytoplasm ranslafion regulator
£[ENOG_HUVAN ENO2 enolase 2 (gamma, neuronal) Cytoplasm enzyme
FKB10_HUMAN FKBPT0__| FK506 binding protein 10, 65 kDa C
GANAB_HUNAN GANAB idase, alpha; neutral AB C
GDIB_HUMAN G GDP inhibitor 2 C
QUBRPY GFMT G elongation factor, 1 C
GELS_HUMAN |D__|GS gelso
GELS_HUMAN |D__|GS gelsa
SYHC_HUVMAN |D | HAR: histidyRNA synihetase Cytoplasm enzyme
SYHC_HUMAN |D | HAR: tidyRNA synthet: yiopla enzyme
HDGF_HUMAN |D HDGF D ‘growth factor pace| growth factor
HDGF_HUMAN | D HDGF P gre Factor pace] growth factor
HDGF_ HUMAN |D | HDGF hep: growth factor pace| growth factor
HDGF_HUMAN | D HDGF rowth factor pace] growth factor
|ROAA_HUMAI HI IPAB | nuclear AB ucleus enzyme
HNRH1_HUMAN [D | HNRNPH1 | T nuclear & ucleus other
HNRH1_HUMAN [D | HNRNPHI [T nuclear & Ucleus other
HNRH1_HUMAN | D HNRNPH1 [t nuclear H) ucleus other
HNRHT_HUMAN |D__| HNRNPHT nuclear & Nucleus other
HNRHT_HUMAN |D__| HNRNPHI nuclear & Nucleus other
HNRH2_HUMAN HNRNPH2 nuclear H) Nucleus other
HNRPK_HUMAN | D | HNRNPK nuclear Nucleus other
HNRPK_HUMAN [ D |HNRNPK nuclear Nucleus other
HNRPU_HUMAN | D HNRNPU nuclear scaffold attachment factor A) Nucleus transporter
HNRPU_HUMAN [ D HNRNPU nuclear scaffold attachment factor A) Nucleus transporter
HNRPU_HUMAN | D RNPU_|T nuclear scaffold aftachment faclor A ucleus Transporter
HNRPU_HUMAN | D RNPU t nuclear scaffold attachment factor A) ucleus transporter
|HNRPU_HUMAN | D RNPU t nuclear scaffold attachment factor A) ucl transporter
HNRL2_HUMAN | D RNPUL2 | nuclear ke ucl other
HNRL2_HUMAN | D RNPUL2 |+ nuclear ike ucl other
ANRL2_HUMAN |D__|HNRNPUL2 | nucear i Urlike 2 Nucleus other
HS90A_HUMAN |D | HSP90AAT | heat shock protein 90KDa alpha (cytosolic), class A member 1 Cy other
HS90A_HUMAN |D | HSP90AAT | heat shock protein 90KDa alpha (cytosolic), class A member 1 C other
HS90A_HUMAN |D | HSP90AAT | heat shock protein 90kDa alpha (cytosolic), class A member 1 C other
[P11021 HSPA! heat shock 70KDa protein 5 (glucose-regulated protein, 78kDa) Cy other
[HSP7C_HUMAN [D | HSPA heat shock 70kDa profein C enzyme
[HSP7C_HUMAN [D | HSPA heat shock 70kDa profein [ enzyme
HSPB1_HUMAN HSPB1___| heat shock 27kDa protein Cy other
HYOU1_HUMAN |D HYOU1 hypoxia up-regulated C other
HYOUT_HUMAN [D___|HYOUT | hypoxia up-regulated 1 Cytoplasm other
TFIT3_HUMAN FIT3 interferon-induced protein with tepeats 3 Cytoplasm other
AINX_HUMAN INA internexin neuronal intermediate filament protein, alpha Cytoplasm other
TTA3_HUMAN TGA3 integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) Piasma Membrane | other
MDIL1_HUMAN ADILT | MAD mitotic arrest deficientike 1 (yeast) Nucleus other
MVP_HUMAN D VP major vault protein Nucleus other
MVP_HUMAN D VP major vault protein Nucleus other

XIX



200 Wseidoko SpdadAiod uojisda "usioid UojenoE S € SUISoI SVHMA NYWNH Jeevt
Swkzus SNGNN | (BUIUIOTe) X2a1q-PUEIIS-[anop) G 51199 JoISWEY @SaUIUD Ul Jedel SNajop. Jedos ey sooMX|  a
swkzus SnejonN | (BuIUIole] $2aiq-puExS-/anop) G 5190 JoISWeY 8sauIUD Ui Jledel onajp. Jiedoi ey So0ux| _ a
T ‘SnenN | (BUIUIola] Y2aiq-puEIs-3[anop) G S|[8 JajSWey 8sauluy Ui Jiedal oAajap Jiedai Kery 500ux| @
Swkzus Wseidoik 5e19U1UAS YNAIHAUEUGOIdR Sulv)
9410 Wseidoik Unuewin WIA
sufzus wse(dolk: i5101d BUIIIEIUCO-USSORA doAa
awkzus wseidoiky U3101d BuuleIueo-UISOfen doAa
WAzus | SUEIqUR} BWsEld oA a
WAzu3 | SUEIqUB )y BWse|d Al a
Jayio wsedoifo 1d8A
Swkzus Wseidoi aoun
ssepydad WseidokD 1HON
Bwkzus Wseidoiy svan
Swkzus Wseidoiky wen|a
swkzus wseidoikD wven| a|  NvANH_Lvan
swkzus wise|doky van a NYNH_Lv8N
Bwhzus wse|doyky 1van al  NvAWNH Iven
Bwkzus WseidokD Twnpronel S BUUEIU0 UIEWWop UXOpaIoIy SOONXL NVWNH SONXL
IE wsejdoikg | ewweb uingny 198NL NYWNH 1981
9410 Wseidoiy 1 eqde “uinany avani| a £9£89d
) WseIdoyD 1 eydie “uinany awvani|a £9689d
JE) wise|doky gl eydie “uingn alvei al NvWNH 8lval
I wse|doyko q4 eydje ‘unan aLve a] NYWNH 8lval
840 WseidokD | eydie ujngn vive a 9ENLID.
5410 Wseidoiy | eydie “ujnan iy a 9ENLID.
18410 umouyun (eeIsinaie “g) Bojowoy z-11 NS ZLLLINY NYWNH zLibl
Jojejnbal SnejonN 82 b oyyedu) BZII NYWNH 81411
JopeinGa; SnejNN 8 BulUEIUOO-Jiow Byyedyy ST, NVANH 813l
JoieinBal EEED] ‘8 BulUje1U02-10u oyeduy 82NN NVANH 8L31L
Jo1e|nBa1 SnepnN 82 Bul Suedi 8NN NV 8L
oq10 wsedoky v NG, NYWNH_tId.
JEN) wise|doky [ iNdL a NYWNH pdL
8410 wsedokn ENd. NVANH_ENd
18410 wsedoky (e19q) ZId! a NVWNH
8410 wse|doyky (e1q) 2Wd, al  NVINOH
2410 Wseidoiy (e129) 2id. a] NVINNHZId
Joje[nBos SnepnN (g uibuoje "eqpigt) z 5padedAod ‘(1S) § J01oe] Uoyebuo} ZER) NYWNH 80
Jojejnbas SnejNN U1B10:d BUPUIG VNG VL. d8au) G| NVWNH deavl
Joje(nGes SneNN 1910:d BUPUIQ VNG HvL PEGE Q| NVWNH d8avL
suikzua Wseidoko V 100V, NYWNH_OQTY.
9410 SnepnN (065110180 'S) LIS 10 GRIIE 2 J0 105581dns 195 119N NVWNH_LLON:
Swkzus Wseidoko }UNqns e1eq BUIII0}-4QV '85€B] y0D-oleupons Zvion NVINNH_180N:
o410 wsedok) | uwyeys INWLS NYINNH_ LN
Swkzus SnepnN [Cal § U9BUE SWOIpUAS UaIBOlS 8ss NVINOH V1.
wkzue Wseidoiko S[AN|os | GsEINWSIp opixoiedns 130 NVWNH 0GOS
Jepodsuen wseidoiko 9 UlxaU BupIos oI NVINNH 9XNS_
Jayjo wseydoiky 24 uliydopua 9%I-zg4D ulewop-eHS | (v0695'D3 SePNPU) ZEIDEH NVNNH_28THS
JE) snapn) s 28E: Q] NVWNH zgeds
240 shapn G5 28edS|  a| NVANH 2geds
Snajon 5UaBOUO JEBPNU 135 135 [ENES
Joyio | soeds gudes 81d3S NVINNH_8Ld3S
oui0 wseidok: RIS INNOS NYWNH_LNYOS
JoiEnBo1 snepnN ZI8ANY NYWNH_Z8ANY
Jo1e[nBo1 SnepnN I8ANY NYWNH_L8ANY
Jaj0 SneonN eQizE 2y Uslo/d Uojieojdal 2vdd NVINNH 2V
Jayjo snajon Vg uejoid yjows Buipuiq YNy VBNEY Q| NYWNH VBWEY
1410 snojon| 8 U1910/d 410U BUIPUIG YN VBNEY 0| NYWNH vBingY
JojeinBal snajon Z Ui2101d BUIpU BLIOJSEIqOUNaI 1dg8y NYWNH _Zdgad
owkzue wsedoky eseyufs 3 (82201:93 sepnoul) £S391d a NVYWNH_d831
owkzue wse|doky eseyufs 3 (82201:93 sapnjoul) £S39.1d a NYWNH dg31
ou0 Wseidok: 7 "@5e41y-U0U TUnans S0z (Uredo o6t "aui0s0id) awioseai0id Yans NYWNH 7aNSd
osepndad wseidoiy 1 "95ed1y-UoU 11ungns S9z (UledoJoeul awosoid) swosealoid VLONSd NYWNH 30Sd
JofejnBal SnepNN € 95841y 1UNGNS S9Z (U[ed010B W "aW0s0id) SWOSE: €ONSd 086L1d
=T WseidokD ©ydje | 8K KIoje|nba) JUSpUBap-dINV0 "eSeuy Uiajoid VeV NVINAH_Zdv
osepndad wse|doykn 1Kosd d3dd a NYWNH 30dd_
osepndad Wseidoik 1Aioid PERE] 0| NVWNH 30dd
suifzus WseidoikD € D £XQ¥d NYWNH_EXQ
wse|doky eydje ‘g yunqns Aiojeinbal z ursioid vuzddd NYWNH v8vZ
Wseidoiy SWwKZ0s| eydle NGNS OMAEIED 2 Ueioid VOzddd NVWNH YvZdd
swfzus umouyun L urgjoid 13Ndd a| NYWOH 13Ndd
swkzus umouyun v umoid [ETE al NYWNH L3N
Swkzus Snopon; €006 NGNS AIoIEINBa1 'Z E1jop (pa1olip YNG) SseawAiod za10d G NVWNH 2a0d
swAzus snajon BQX0G Wunans Aiojeinbai ‘z eyap ‘(pajoalip yNG) aselawhiod 2a10d al NvWNH zaodad
osepndad wse|doykn ©j3q (Bussa00.d [eppuoyo0)w) asepdad 804 NVWNH_8dd
18410 wsedoky Z uiyosd ZN3d NYWNH Z404:
sufzus Wse(dolf: EES SV NYWNH_ v
osepndad wse|doykn g asepndad ad3d NYWNH_Qd3d
osepnded wseidoiky € Joquiaw 'y A|jWe aSeIawos| apyinsip utelod evidd NVWNH evIad
5410 SnepnN 719500 A1Ea "oNS58001 [BWOSOINE) 852asip UOSUDIE] Thvd NYINH _fvd
Joje|nbas SN3ONN BQgE ¥OZ paleIosse-uonesdy joid ¥92vd NYWNH_v92Zvd
9410 UmOUUN 1053 "Bojowioy quiAY | uje1oid Bupuia opnoepnu 148N NVINNH d8nN
a0 B uioapnu 10 NYWNH 10NN
8410 SneINN (Buipuig-auoisly) uiei0:d uueds Jeajonu ERY, NVWNH dSVN
Jay10 wse|doikg Kioje|nba: 6 ureyo b "uisoAw (86€01°93 SOPNIUI) BIAI y¥8ved
JE) Wsedok: KiojeinBa. ‘gz| uteyo 1461 "uisoAw 82ZLIAl 056%10
Bkaus EEEY (5now) 8 URI0/d 51Q/oNPUI-UOJR Pa1ul | S9UEISISe] (STUiA BZUsnjul) STIoXAW [ NYNOH_ XN
a0 snajon| uiejoid ynen Jofews dAl a NYWNH_dAW
18410 snajon| uj9joid Jjnen Jofews dAl a NYWNH_dAW
5410 snapn Ua101d neA Jofew A A NVWNH AN
(S)odAL UoneaoT SwieN ausn zonug Toquiks 910N al

g 19)SN[) WoIj panupuo))

XX



Appendix

D otes | _Symbol Entrez Gene Name Type(s)
— [ACTE_HUMAI ACTB actin, beta other
uster ACTB_HUMAI A actin, beta other
[ACTB_HUMAT AC ‘actin, beta other
[ACTG_HUMAI AC actin, gamma other
e ACTG_HUMA AC actin, gamma other
ACTG_HUMA A actin, gamma other
‘ ACTG_HUMAN _|D___[A actin, gamma other
[ACTNA_HUM, A actinin, alpha oy
ARP3_HUMAI ACTR ARP3 actin-related protein 3 homolog (yeast] Plasma Membrane | other
s ACYT_HUMAI ACY1 1 Cytoplasm peptidase
SAHH_HUMA! AHCY Teinase Cytoplasm enzyme
AL9AT_HUMAI ALDHOAT | aldenyde S family, member A1 Cytoplasm enzyme
. ANXA3_HUMAN ANXA3___|annexin A: Cytoplasm enzyme
ANXA5_HUMAN |D_ [ANXA5 _ |annexin A Piasma Membrane | other
ANXA5 HUMAN [D _ [ANXA5 _|annexin A Plasma Membrane | other
s APT_HUMAN APRT adenine phosph Cytoplasm enzyme
APMAP_HUMAN C200RF3 20 open reading frame 3 Plasma Membrane | other
CBX1_HUMAN CBX1 Chromobox homolog Nucleus other
KCRE_HUMAN CKB creatine kinase, brain Cytoplasm Kinase
: CLIC4_HUMAN CLica chioride intracellular channel 4 Plasma Membrane | ion channel
CNDP2_HUMAN |D | CNDPZ __|CNDP dipeptidase 2 (metallopepiidase M20 fami Cytoplasm peptidase
CNDP2_HUMAN [D___| CNDP2___|CNDP dipeptidase 2 (metallopeptidase M20 family) peptidase
' . . COPE_HUMAN COPE Goatomer protein complex, subunit epsilon fransporter
- e et CSN6_HUMAN COPSE COPY constitutive photomorphogenic homolog subunit 6 (Arabidopsis) other
e \ CPNET_HUMAN CPNET _[copine | Transporter
———— DDB1_HUMAN DDB1 damage-specific DNA binding protein 1, 127kDa other
DDX39_HUMAN DDX39 DEAD (Asp-Glu-Ala-Asp) box polypeptide 39 enzyme
6ZR08 NAHTZ | dynein, axonemal, heavy chain 12 other
N [DNJC9_HUMAN NAJC9 | DnaJ (Hsp40) homolog, subfamily C, member other
——— CHM_HUMAN ECHST [ enoyl CoA hydratase, short chain, 1, mitochondrial enzyme
FID_HUMAN _[D  |EEFID _|eukaryolic transiation elongation factor 1 delta (guanine nucieotide exchange protein) translation reguiator
. FiD_HUMAN _|D | EEFID___|eukaryolic transiation elongation factor 1 delta (guanine nucleotide exchange protein) | Cytoplasm translation regulator
[1F2B_HUMAT EIF252___| eukaryolic translation infiation factor 2, subunit 2 beta, 38kDa Cyloplasm Translation regulator
[[F4AT_HUMAT EIF4AT | eukaryotic translation intiation factor 4AT Cytoplasm Translation regulator
s OG_HUMAN ENO2 enolase 2 (gamma. neuronal) Cytoplasm enzyme
10_HUMA FKBP FK506 binding protein 10, 65 kDa toplasm enzyme
ANAB_HUMAN | D ANAL alpha; neutral A Cytoplasm enzyme
ANAB_HUMAN | D ANA alpha; neutral A toplasm enzyme
- ANAB_HUMAN | D ANA glucosidase, alpha; neutral Al toplasm enzyme
[GANAB_HUMAN | D ANA ucosidase. alpha; neutral Al toplasm enzyme
GDIB_HUMAN GDI GDP inhibitor 2 toplasm other
- GBB1_HUMAN GNBT guanine nucleotide binding protein (G prolein), beta polypeptide 1 Piasma Membrane | enzyme
GBB2_HUMAN GNB2 quanine nucleotide binding protein (G protein). beta polypeptide 2 Plasma Membrane | enzyme
GSHB_HUMAN GSS glutathione synthetase [ enzyme
- GSTOT_HUMAN GSTOT | glutathione S-transferase omega 1 enzyme
HIDH_HUMAI HIBADH enzyme
[ANRPF_HUMAN | D FINRNPF nuclear F other
R : : : FNRPF_HUMAN | D FNRNPF us nuclear ribonucleoprotein F other
if @ 40§ 8 8§ § § § i I T B B § I O A I I B H § £ { & ANRAT_HUMAN [D FINRNPHT ous nuclear rbonucleoprotein AT (H) other
35 2 Y1333 i ERNE A S A O EIN A A R N B H S I I HYNRAT HUMAN [D [HNRNPHT nuclear Toin F1 (F) other
i 3 3 3 £ & 8 8 8§ 8 & H i 08 8§ £ ¢ &£ £ &8 & o I B T T - B T = - B BT SR s ¥ g 3 g[HS90A HUMA! HSPSOAAT | heat shock protein 90kDa alpha (cytosolic), class A member 1 C; other
R S S S S S S S S B ERE I S R S S S S S i 08 %8 § 8 2 & & 8 § % & § & % % & H g & & &[HS90B_HUMAN HSP90AB1_| heat shock protein 90kDa alpha (cytosolic), class B member 1 C other
GRP75_HUMAN FSPA heat shock 70KDa protein 9 (mortalin) C other
HSPB1_HUMAN HSPB eat shock 27kDa protein 1 C other
Associated Network Functions  Score Molecular and Cellular Functions p-value/Molecule ST M 15T Hivor | e shock proter famiy B (small). member 1 . olber
Cancer, 1 Cellular Growth and  2,82E-05 — QoV: 3] HYOUT \ypoxia up-regulatet other
i . QOVALT D FYOUT \Ypoxia Up-regulate other
4 MWM.”M.%MM% 55 Proliferation 3.42E-02 / 30 QovaLT b) FAYOUT poxia up-reguater other
Cardiovasoular g 2 Cellular Assembly and|4,76E-05 — IDH3A_HUMAN IDH3A socitrate 3 (NAD+) alpha m enzyme
i - IMMT_HUMAN D[ IMMT inner membrane protein, other
Disease Organization 4.75E-02 1 21 MMT_HUMAN MMT inner membrane protein, < other
el Dealh Goel 3 Cell Death 7,01E-05 — TMMT_HUMAT 5] TMMT Tnner membrane protein, mitochondrial & other
5 amm , Genetic 4,75E-02 / 38 IMMT_HUMA D IMMT inner membrane protein, other
isorder, 04 — K1C17_HUMAI RT17 keratin 17 other
2 Neurological 50 4 Cell Morphology 1,42E-04 K1CT8_HUMAN | D RT18keralin 18 other
Disease - . 4.89E-02 /15 KiC18_HUMAN |D RT18 keratin 18 other
d Melab 5 /Amino Acid 4,69E-04 — [K2C8_HUMAL D R other
ipid Metat ~ [K2C8_HUMAN | D R other
eiselen o i o —
3 Modification, Small 37 . WP HOMAN VP mai uoous oher
< i | jor vault protein Nucleus other
Molecule Top Tox Lists p-value/Ratio 19105 D IYL12A__| myosin, light chain 12A, regulatory, non-sarcomeric unknown other
Biochemistry 1 Hypoxia-Inducible |1,4E-03/4/70
. Factor Signaling (0.057)
Cellular
NRF2-mediated 3,02E-03 / 6/205
4 mwﬂmﬂum”a__mms 25 2 Oxidative Stress  |(0,029)
P Response
3 Aryl Hydrocarbon 3,99E-03 / 5/151
Cellular Receptor Signaling [(0.033)
Development, 4 PPAR-Alpha/RXR- |1,07E-01 / 3/165
5. Cellular Growth and 20 Alpha Activation (0.018)
Proliferation, Cell Glutathione 1,36E-01/1/21
Death 5. Depletion — Phase |(0,048)

1l Reaction:

Total 173 genes, 146 proteins identified out of 86 spots
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Appendix

Cluster 10

Associated Network Functions Score Molecular and Cellular Functions p-value/Molecules
(Cellular Assembly 1 Cellular Growth and ~ |2,44E-07 —
and Organization, : Proliferation 3,19E-02/22
Mwﬁnm:_m%»wa 5 Post-Translational 3,18E-07 —

1 Function, Hepatic 68 Z_oaanw:o:. 2,84E-02/ 11
System 3 Protein Folding 3,18E-07 —
IDevelopment and 2,84E-02/ 6
Function 4 Cell Death 6,99E-07 —
Cell Morphology, 4,77E-02/ 25

2 Mm :_m_nzo,\msm:»_ 32 5 Cellular Assembly and [1,27E-05 —
zam:_o i Organization 4,92E-02/ 17
omwﬂ%,g Top Tox Lists p-value/Ratio

isn Liver Necrosi 1,67E-02/ 3/150

2 Py | O 555

’ Decrease 1,79E-02/ 1/5
'Small Molecule Permeability ©.2
|Biochemistry 2 Transition of ’
[Cellular Assembly Mitochondria and

4 land Organization, 9 Mitochondrial
Molecular Transport, Membrane
RNA Trafficking 3 Oxidative Stress No.\%nm%m 12/57

5 - - 4 Hypoxia-Inducible  |2,63E-02 / 2/70

Factor Signaling (0,029)
5 Increase 2,84E-02/ 1/8
|Bradycardia (0,125)

Total 101 genes, 71 proteins identified out of 42 spots

D Notes Symbol Entrez Gene Name Location Type(s)
ACTB_HUMAN ACTB actin, beta Yioplasm other
ACTG HUMAN _[D___|ACTGT actin, gamma 1 yioplasm other
ACTG HUMAN _|[D___[ACTGT actin, gamma 1 yioplasm other
ACL6A HUMAN D [ACTL6A ucleus other
ACL6A HUMAN D [ACTL6A icleus other
ARP3_HUMA! ACTR3 ARP3 actin-related protein 3 homolog (yeast) lasma Membrane | other
ANXA4_HUNAN ANXAG annexin AD lasma Membrane | ofher
ANXAS HUMAN |D_ [ANXAS annexin A5 lasma Membrane | ofher
ANXA5 HUMAN | [ANXAS annexin A5 lasma Membrane | other
ATPB_HUMA! ATPSB ATP synthase, H+ transporting, F1 complex. beta polypeptide _| Cytoplasm transporter
“ATP5H_HUMAI ATP5H (ncludes EG:10476) | ATP synthase, H+ transporting, Fo complex, subunitd ytoplasm transporter
UAPS6_HUMAN BAT1 HLA-B associated transcript 1 ucleus enzyme
CALR_HUMA CALR calreticulin yioplasm Transcription regulator
CBX5_HUMAN _|D chromobox homolog 5 ucleus other
CBX5 HUMAN _|D chromobox homolog & ucleus other
CHD9_HUWAI helicase DA binding protein toplasm other
COPE_HUMAI ‘coatomer protein complex, subunit epsilon Cytoplasm transporter
CATB_HUAT cathepsin B Cyloplasm peplidase
DDAH_HUMAN DDAHT 1 oplasm enzyme
1F28_HUMAN EIF252 eukaryotic translation iniiation factor 2, SUbuni 2 beta, 38kDa oplasm Translaion regulator
EIF3 (includes EG:8668) | eukaryofic translation initiation factor 3, subunit oplasm translation regulator
I EIF4AT eukaryolic translation inilation factor 4A1 yioplasm ransfation regulator
EROTA_HUMAN EROTL ERO-Tike (5. cerevisiae enzyme
FKBP9_HUMAI FKBPY FK506 binding profein 9, 63 kDa enzyme
_GSHB_HUMAI GSS glutathione synthetase enzyme
HDACT_HUMAN DACT histone deacetylase 1 Transcription regulator
HEXB_HUNAT ; B (befa polypeptide) enzyme
HNRPF_HUMAN | D RNPF ; u F other
“HANRPF_HUVAN_|D RNPF ; u F other
HNRPK_HUW, RNPK heterogeneous nuclear K other
GRP78_HUNIAT heat shock 70kDa protein 5 (glucose-regulated protein, 78kDa) other
HSPBT_HUMAN | D B heat shock 27kDa protein 1 other
FHSPB1_HUMAN | D BT heal shock 27KDa protein 1 other
“CHe0_HUMA! DT heat shock 60kDa protein 1 (chaperonin] enzyme
KiC17_HUNA 7 Keralin 17 other
KiC16_HUMAN D 5 Keratin 16 other
1C18_HUNAN | D H Keratin 18 other
KIC18_HUMAN _|D 8 keratin 18 other
2C8_HUMA Kera other
"LMNBT_HUMAN |D 1 Tami other
NBT_HUMAN |D i Tamin other
NB1_HUMAN_|D 1 Tamin other
DUV2_HUMAN DUFVZ NADH {Ubiquinone) flavoprotein 2, 24kDa enzyme
NPM_HUMAN PM1 (includes EG:4869) (nucleolar phosphoprotein B23, numatrin) transcription regulator
UP43_HUMAN P43 nucleoporin 43kDa fransporter
PDIAT_HUMAN PAHB prolyl 4-hydroxylase. beta polypeptide enzyme
PAKZ_HUMAN PAKZ p21 protein (Cdc42/Rac)-activated Kinase 2 kinase
DIA3_ HUMAN _|D A protein disulfide peplidase
PDIA3_HUMA! D Al protein disulfide ‘ytoplasm peptidase
“PDIA3_HUMAN _|D A protein disulfide oplasm peplidase
PDIA3_HUMAN _| D A protein disulfide ytoplasm peptidase
PDIAG_HUMA DIA protein disulfide yioplasm enzyme
PEPD_HUMAT EPD peptidase D ‘yloplasm peptidase
“PHB_HUMAN HB (inoludes EG5245) | prohibitin ucleus transcription regulator
PRDX4_HUMAN RDX4 7 yioplasm enzyme
PSB7_HUMAN SMB7 profeasome (prosome, macropain) subunit, beta type. 7 yioplasm pepiidase
PRS4_HUMAN SMCT proleasome (prosome, macropain) 265 subunit, ATPase, 1 ucleus peplidase
RD238_HUNIA AD23B RAD23 homolog B (S. cerevisiae) other
RCN2_HUMAI CN2 2, EF-hand calcium binding domain other
SPRC_HUNA PARC secreted protein, acidic, cysteine-rich other
SSRD_HUMA SSRA signal sequence receplor, della (iranslocon-associated protein delta other
TADBP_HUMA! TARDBP TAR DNA binding protein ucleus transcription regulator
TKT_HUMAN KT oplasm enzyme
TBAIA_HUNAN UBATA in. alpha 1a oplasm other
TBATB_HUMAN |D UBATB in, alpha 1b oplasm other
P68363 D UBATB in, alpha 1b yioplasm other
TXND5_HUMAN |D XNDC5 Thioredoxin domain containing 5 reficulum) oplasm enzyme
TXND5_HUMAN |D XNDC5 thioredoxin domain containing 5 reficulum) ytoplasm enzyme
P31930 UQCRCT ubiquinol-cytochrome ¢ reductase Gore protein I oplasm enzyme
VIME_HUMAN VM vimentin yioplasm other
SYWC_HUMAN WARS tryptophany-TRNA synthetase Cytoplasm enzyme
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4. Figure S-4 (see DVD)

Hierarchical Clustering by all samples and treatment conditions. Hierarchically
clustered (Euclidean Distance measurement and “average” linkage method) log-
transformed expression protein values. 12 samples (6 controls 0.5 h to 72 h and 6
ENTplas treated samples 0.5 h to 72 h) are shown vertically on the x-axis (sample order
is defined in the top tree). Spot-expression-values for all 1505 detected protein spots are
shown horizontally on the y-axis. High expressions are coloured yellow, low
expressions are coloured blue and missing expressions are coloured grey. This
statistical technique visualizes similarities and differences of different samples
(vertically) and protein spots (horizontally). Dendrograms, both on x- and y-axis,
represent the Euclidean Distance between the samples. Hierarchical clusters are
subsumed on the third level on the x-axis and on the 24" level on the y-axis. Specific
identified proteins from K-means cluster 3 and 4 (see Figure 17) are highlighted red
(K-means cluster 3) and blue (K-means cluster 4) on the right side of the hierarchical
cluster. They show each similar expression profiles and were therefore assigned to the
same clusters.
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Appendix

5. Table S-1

Established master list from GeneSpring® analyses. This master list contains all
significant altered protein spots of the DIGE-experiment. Only proteins, that showed at
least a fold change greater than 1.5 for one time point and moreover were identified by
MALDI-TOF-MS, were included. The fold change was statistically calculated in a
multiple step procedure. After normalisation of every sample spot to the corresponding
internal standard (this enables comparison between different gels) followed the
calculation of the medians of all four replicates of each sample. Finally, medians of the
treated samples were divided by the medians of the controls. Protein identification from
MALDI-TOF-MS and information were appended via Ingenuity Pathway Analysis-
software package. Multiple identifications of the same protein spot were split up into
each unique identification (ID XY-1, ID XY-2) and subsequently combined with the
spot-specific expression values.
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein *

1ID992-2  ID158562-2 1,317 1,249 1,326 -1,640 -1,591 -1,555 ACL6A D
ID651 ID412 -1,523  -1,108 -1,284 -1,489 -1,214 -1,246 ACPH
1ID1058-3 ID746-3  -1,328 -1,428 -1,093 -1,921 -1,982 -1,711 ACTB
ID1073-2 ID748-2 1,894 1,777 1,681 1,156 -1,132 -1,061 ACTB
ID1078-4 ID749-4  -1,015 1,071 1,005 -1,529 -1,464 -1,283 ACTB
1D1080-3 ID772-3  -1,182 -1,165 -1,364 -1,450 -1,527 -1,322 ACTB
ID1064-2 ID775-2 1,102 1,150 1,157 -1,152 1,348 1,527 ACTB
ID360270-2 1D82531-2 -2,238 -4907 -2,505 1,086 -1,380 -1,493 ACTB
ID1478-1 1D1020-1 1,183 1,548 1,334 3,117 1,567 1,532 ACTG
1ID1027-2 1D729-2 1,124 1,136 1,168 1,618 1,211 1,370 ACTG
ID1037-2 1D734-2 1,166 1,022 1,229 1,550 1,222 1,305 ACTG
ID1055-1 1ID745-1 1,434 1,868 2,008 3,559 2,018 1,392 ACTG
1ID1058-4 ID746-4  -1,328 -1,428 -1,093 -1,921 -1,982 -1,711 ACTG
ID1073-1 ID748-1 1,894 1,777 1,681 1,156 -1,132 -1,061 ACTG
ID1067 ID761 1,101 1,118 1,068 -1,751 1,324 1,570 ACTG
ID1080-1 ID772-1 -1,182  -1,165 -1,364 -1,450 -1,527 -1,322 ACTG
ID1064-1 ID775-1 1,102 1,150 1,157 -1,152 1,348 1,527 ACTG
ID1077-2 ID776-2  -1,752 -1,618 -1,426 -1,147 -1,287 -1,200 ACTG
ID1119-2 ID807-2 1,448 1,405 1,448 2291 1,463 1,355 ACTG
ID1104 ID811 1,002 1,025 1,011 -1,999 1,400 1,594 ACTG
ID360270-1 1D82531-1 -2,238 -4907 -2,505 1,086 -1,380 -1,493 ACTG
1D8247 ID1689989 -1,760 -1,924 -1,997 -2,381 -1,510 -1,473 ACTN4
ID507-1 1D289-1 -1,784 -1,926 -1,857 -2,078 -1,654 -1,475 ACTN4
ID518-1 ID319-1 -1,545 -1,672 -1,631 -1,898 -1,529 -1,317 ACTN4
ID517 1ID404189  -1,260 -1,301 -1,429 -1,563 -1,346 -1,155 ACTN4
ID31063-3  1D8294-3  -1,980 -1,592 -1,597 -4,548 -1,465 -1,337 ACTY

l>AlvilvAlvilvilvalvilivilvilviivElvilvilvalvilvilvilvilvElvilvlvalvj

* doubles: duplicates (same identification but different spots) are marked with a “D*

Symbol in
IPA
ACTL6A
APEH
ACTB
ACTB
ACTB
ACTB
ACTB
ACTB
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTG1
ACTN4
ACTN4
ACTN4
ACTN4

ACTRIB
(includes EG:
10120)

Entrez Gene Name

actin-like 6A

N-acylaminoacyl-peptide hydrolase

actin, beta
actin, beta
actin, beta
actin, beta
actin, beta
actin, beta
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actin, gamma 1
actinin, alpha 4
actinin, alpha 4
actinin, alpha 4

actinin, alpha 4

ARP1 actin-related protein 1 homolog
B, centractin beta (yeast)

Location

Nucleus
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

unknown

Type(s)

other
peptidase
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other
other

other
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Appendix

LZ-1ID

ID3737

1D927-2

1D936
ID1596-1
ID1183-1
1D934-4
1D644-4
1D625-2
ID488759
1D2174

ID50273-2

1ID745-1

1ID53317

ID1027-1
1ID1037-1
1D479360

1D496907

ID1128-2

ID1512
ID693-2
ID1560-2

KZ-ID

ID1705345

1ID677-2

1D669
ID1088-1
ID841-1
1D684-4
1D372-4
1ID385-2
1D39059
1D406280

1D432714-2

ID451-1

1D383210
1D729-1
1ID734-1
1D6983

1D20733

1ID790-2

1D1033
ID431-2
ID1071-2

Omin

1,220

1,489

-1,671
1,049
-1,630
-1,335
1,041
-1,210
1,314
1,144

3,204

2,087

1,213
1,124
1,166
1,299

-1,146

-1,304

1,905
1,585
1,576

30min 60min

1,149

1,479

-2,377
-1,307
-1,537
-1,433
-1,155
-1,270
-1,355
1,204

2,811

2,005

1,219
1,136
1,022
1,204

-1,373

-1,416

2,498
1,420
1,301

1,415

1,623

-1,828
1,279
-1,458
-1,399
-1,003
-1,159
-1,068
1,207

3,212

2,023

1,245
1,168
1,229
1,358

-1,510

-1,400

2,143
1,406
1,622

24h

2,323

1,430

-1,454
-1,903
-1,593
-3,437
1,589
4,079
-3,679
1,647

1,702

4,005

1,590
1,618
1,550
-2,024

-1,844

-1,561

2,349
1,712
1,517

48h

1,414

1,112

-1,322
-1,861
-1,097
-1,460
-1,207
-1,183
-1,782
1,532

2,033

3,963

1,101
1211
1,222
1,074

-1,496

-1,229

1,821
2,194
1,163

72h Protein *

1,478

1,076

-1,251
-1,936
-1,009
-1,241
-1,006
-1,075
-1,409
1,435

1,547

3,006

1,238
1,370
1,305
1,214

-1,570

-1,050

1,447
2,250
1,161

ATPB

ATPB

BASP
BID
BIEA
BLMH
CALD1
CALDI1
CALDI1
CALR

CALR

CALR

CALU
CALU
CALU
CAP2

CAPG

CAPG

CATB
CBR4
CBX5

* doubles: duplicates (same identification but different spots) are marked with a “D*

D

O O O U

o

o

Symbol in
IPA
ATP5B

ATP5B

BID
BLVRA
BLMH
CALD1
CALDI1
CALDI1
CALR

CALR
CALR

CALU
CALU
CALU
CAP2

CAPG
CAPG

CTSB
CBR4
CBX5

Entrez Gene Name

ATP synthase, H+ transporting,
mitochondrial F1 complex, beta
polypeptide

ATP synthase, H+ transporting,
mitochondrial F1 complex, beta
polypeptide

BH3 interacting domain death agonist
biliverdin reductase A
bleomycin hydrolase
caldesmon 1
caldesmon 1
caldesmon 1

calreticulin
calreticulin
calreticulin

calumenin
calumenin
calumenin

CAP, adenylate cyclase-associated
protein, 2 (yeast)

capping protein (actin filament),
gelsolin-like

capping protein (actin filament),
gelsolin-like

cathepsin B
carbonyl reductase 4

chromobox homolog 5

Location

Cytoplasm

Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm

Plasma
Membrane

Nucleus
Nucleus

Cytoplasm
unknown

Nucleus

Type(s)

transporter

transporter

other
enzyme
peptidase
other
other
other

transcription
regulator

transcription
regulator

transcription
regulator

other
other
other

other
other
other

peptidase
enzyme

other
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Appendix

LZ-ID KZ-ID Omin 30min 60min 24h 48h 72h Protein * Symbolin Entrez Gene Name Location Type(s)
IPA
ID1401-1 1D996-1 -1,644 -1,432 -1,290 -1,364 -1,407 -1,312 CPNSI CAPNSI1 calpain, small subunit 1 Cytoplasm peptidase
ID1502 1D1028 1,767 2,204 1,887 2,123 1,394 1,158 CRK CRK v-crk sarcoma virus CT10 oncogene Cytoplasm other
homolog (avian)
ID565 1D39497 -1,276  -1,322  -1,194 -5,082 -2,180 -2,362 CSDEI CSDE1 cold shock domain containing E1, Cytoplasm enzyme
RNA-binding
1D1077-3 1D776-3 -1,752 -1,618 -1,426 -1,147 -1,287 -1,200 CSN4 COPS4 COP9 constitutive photomorphogenic Cytoplasm other
homolog subunit 4 (Arabidopsis)
1D1282-2 1D893-2 1,025 1,154 -1,000 -2,111 -1,597 -1,478 CSN6 COPS6 COP9 constitutive photomorphogenic Nucleus other
homolog subunit 6 (Arabidopsis)
1D26959 ID535589  -1,553 -1,568 -1,746 -3,528 -3,983 -2,111 CTNAI CTNNAI1 catenin (cadherin-associated protein), Plasma other
alpha 1, 102kDa Membrane
ID650 1D403 -1,197 -1,272 -1,280 -2,011 -1,791 -1,675 DCI1I2 DYNCI112 dynein, cytoplasmic 1, intermediate Cytoplasm other
chain 2
ID586647-1 1D7535-1  -1,030 -1,050 -1,073 -2,819 -1,225 -1,120 DCIL2 DYNCILI2 dynein, cytoplasmic 1, light Cytoplasm other
intermediate chain 2
1D380472 1D642266 1,490 1,418 1,367 3,970 4,553 3,126 DCTN1 D DCTNI1 dynactin 1 Cytoplasm other
1D302775-1 ID1691858-1 -1,345 -1,539 -1,425 -1,370 -1,263 -1,186 DCTN2 DCTN2 dynactin 2 (p50) Cytoplasm other
1D893-1 1D633-1 -1,315 -1,304 -1,290 -3,680 -1,248 -1,0600 DDI9A D DDXI19A DEAD (Asp-Glu-Ala-As) box Nucleus enzyme
polypeptide 19A
1D902-1 ID651-1 -1,072 -1,110 -1,060 -2,550 -1,537 -1,427 DDI19A D DDX19A DEAD (Asp-Glu-Ala-As) box Nucleus enzyme
polypeptide 19A
ID1188-1 ID853-1 1,433 1,566 1,321  -1,108 -1,009 1,149 DDAHI DDAHI1 dimethylarginine Cytoplasm enzyme
dimethylaminohydrolase 1
1D943-3 ID678-3 -1,025 1,069 -1,347 -1,797 -1,261 -1,341 DDX39 DDX39 DEAD (Asp-Glu-Ala-Asp) box Nucleus enzyme
polypeptide 39
1D445851-1 ID515333-1 1,052 -1,549 -1,213 -1,186 -1,163 -1,159 DNIJA2 DNAJA2 DnaJ (Hsp40) homolog, subfamily A, Nucleus enzyme
member 2
1D559-2 1D357-2 -1,505 -2,088 -1,781 -1,565 -1,488 -1,410 DPI13A APPL1 adaptor protein, phosphotyrosine Cytoplasm other

interaction, PH domain and leucine
zipper containing 1

ID122740 1D1585410 1,056 1,326 1,514 4956 1,375 2,214 DPI3B APPL2 adaptor protein, phosphotyrosine Cytoplasm other
interaction, PH domain and leucine
zipper containing 2

* doubles: duplicates (same identification but different spots) are marked with a “D*
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein

ID105671-2 1D236729-2 -1,230 1,089 -1,270 1,713 1,139 1,254 ENPL
ID132924  ID285159 1,784 1,705 2,242 -1,217 -1,275 -1,256 ENPL

1D462 ID311 1,113 1,200 -1,077 1,541 1,339 1,266 ENPL
1D622-3 ID400-3  -1,653 -1,807 -1,627 -1,755 -1,425 -1,261 ERF3B

ID518-2 ID319-2  -1,545 -1,672 -1,631 -1,898 -1,529 -1,317 EROIA
1D1463-1 ID1014-1  -1,566 -1,283 -1,287 -3,216 -1,085 -1,105 ERP29
ID1408-2 ID987-2 1,099 1,081 1,209 -4,552 -1,056 -1,117 ERP29
1D1433-3 1ID998-3  -1,004 1,049 1,044 1,733 1,184 1,177 ERP29
ID1463-3 ID1014-3  -1,566 -1,283 -1,287 -3,216 -1,085 -1,105 ETHEI1
1D644-3 1D372-3 1,041 -1,155 -1,003 1,589 -1,207 -1,006 EZRI

1ID625-1 ID385-1 -1,210 -1,270 -1,159 4,079 -1,183 -1,075 EZRI
1D627-3 1D401-3 1,278 1,241 1,305 1,599 1,818 1,574 FETA

1D843-2 ID549-2  -1,444 -1,597 -1,492 -1,309 -1,372 -1,253 FKBP4
ID871 ID608 -1,504 -1,557 -1,403 -1,253 -1,142 -1,072 FKBP4
ID878-1 1D620-1 -1,404 -1,539 -1,373 -1,261 -1,211 -1,155 FKBP4
1D405373-2 1ID635677-2 1,780 1,608 1,634 1,039 1,080 1,169 FKBP4
1D692 1D438 1,641 1,555 1,829 -1,027 -1,199 -1,343 FKBP9
ID1137-1 ID799-1 1,163 1,168 1,128 -3,538 -1,361 -1,242 GALKI
1D309937-2 1ID1646-2 -1,316 1,116 -1,182 -2,228 -2,363 -1,739 GANAB
ID510-1 1D298-1 -1,326  -1,220 -1,302 -2,388 -1,646 -1,500 GANAB
ID508-2 ID333-2  -1,647 -1,719 -1,794 -1,787 -1,396 -1,459 GANAB
1D4596 ID451761  -1,976 -1,574 -1,726 -1,849 -1,614 -1,315 GANAB

* doubles: duplicates (same identification but different spots) are marked with a “D*

*

o

O O O U

O O O O

Symbol in
IPA
HSP90B1

HSP90B1
HSP90B1
GSPT2

EROIL
ERP29
ERP29
ERP29
ETHELI
EZR

EZR
AFP

FKBP4
FKBP4
FKBP4
FKBP4
FKBP9
GALKI1
GANAB
GANAB
GANAB
GANAB

Entrez Gene Name

heat shock protein 90kDa beta (Grp94),
member 1

heat shock protein 90kDa beta (Grp94),
member 1

heat shock protein 90kDa beta (Grp94),
member 1

G1 to S phase transition 2

ERO1-like (S. cerevisiae)
endoplasmic reticulum protein 29
endoplasmic reticulum protein 29
endoplasmic reticulum protein 29

ethylmalonic encephalopathy 1

ezrin
ezrin
alpha-fetoprotein

FK506 binding protein 4, 59kDa
FK506 binding protein 4, 59kDa
FK506 binding protein 4, 59kDa
FK506 binding protein 4, 59kDa
FK506 binding protein 9, 63 kDa
galactokinase 1
glucosidase, alpha; neutral AB
glucosidase, alpha; neutral AB
glucosidase, alpha; neutral AB

glucosidase, alpha; neutral AB

Location

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Plasma
Membrane

Plasma
Membrane

Extracellular

Space
Nucleus
Nucleus
Nucleus
Nucleus

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Type(s)
other
other
other

translation
regulator

enzyme
transporter
transporter
transporter
other

other
other
transporter

enzyme
enzyme
enzyme
enzyme
enzyme
kinase
enzyme
enzyme
enzyme

enzyme
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Appendix

LZ-1D KZ-ID

ID1516 ID1035

ID1541-2 ID1060-2
1D843-5 ID549-5
ID306795-2  1D762-2
ID1194 ID863
1ID88373 ID868
1D1240-3 ID899-3
ID878-2 1D620-2

1D29521-1 1D33186-1

1D921-2 1D622-2
1D923-1 1D632-1
ID918-1 ID636-1
1ID471051-1  ID661-1
ID956-2 ID675-2
1D934-2 1ID684-2

1D29521-2  1D33186-2

1D922-2 1D637-2

Omin

-1,603
2,501
-1,444

-1,508

-1,580

-1,938

-1,617

-1,404

-1,017

-1,202

-1,452

1,108

-1,070

-1,507

-1,335

-1,017

-1,390

30min 60min 24h

-1,307  -1,268 -1,313
-2,401  -2,651 -1,508
-1,597  -1,492  -1,309

-1,346  -1,323  -5,070

-1,450  -1,439  -1,598

-1,819  -1,723  -1,785

-1,631  -1,547 -1,195

-1,539  -1,373  -1,261

-1,187 -1,393  -1,850

-1,395  -1,470 -1,610

-1,444  -1,575 -1,561

-1,176  -1,419  -1,743

-1,169  -1,283  -2,810

-1,510  -1,514  -1,788

-1,433  -1,399 -3,437

-1,187  -1,393  -1,850

-1,494  -1,468 -3,301

48h 72h Protein

-1,173 -1,059 GSTP1
-1,193 -1,146 GSTP1
-1,372 -1,253 HDAC2

-1,504 -1,898 HDGF

-1,159 -1,143 HDGF

-1,272 -1,348 HDGF

-1,149 -1,126 HDGF

-1,211 -1,155 HMCSI1

-1,414 -1,322 HNRHI

-1,469 -1,221 HNRHI1

-1,538 -1,304 HNRHI

-1,442 -1,329 HNRHI

-1,452 -1,291 HNRHI

-1,434 -1,220 HNRHI1

-1,460 -1,241 HNRHI1

-1,414 -1,322 HNRH2

-1,505 -1,288 HNRH2

* doubles: duplicates (same identification but different spots) are marked with a “D*

*

O ©

Symbol in
IPA
GSTP1
GSTP1
HDAC2

HDGF
HDGF
HDGF
HDGF
HMGCS1

HN

PH1

HNRNPH1

HNRNPH]1

HNRNPH1

HNRNPHI1

HNRNPH1

HNRNPH1

HNRNPH2

HNRNPH2

Entrez Gene Name

glutathione S-transferase pi 1

glutathione S-transferase pi |

histone deacetylase 2

hepatoma-derived growth factor
hepatoma-derived growth factor
hepatoma-derived growth factor
hepatoma-derived growth factor

3-hydroxy-3-methylglutaryl-CoA

synthase 1 (soluble)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H1 (H)

heterogeneous nuclear
ribonucleoprotein H2 (H')

heterogeneous nuclear
ribonucleoprotein H2 (H')

Location

Cytoplasm
Cytoplasm

Nucleus
Extracellular

Space

Extracellular
Space

Extracellular
Space

Extracellular
Space
Cytoplasm
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus

Nucleus

Nucleus

Type(s)

enzyme
enzyme

transcription
regulator
growth factor
growth factor
growth factor
growth factor
enzyme
other
other
other
other
other
other
other

other

other

XXXV
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein

1D20414 ID131273  -1,062 -1,181 -1,105 1,392 1,743 1,586 HS90A
1D10923 ID141710  -1,455 -1,679 -1,568 -1,405 -1,707 -1,393 HS90A
1ID10099-2 1D1752140-2 -2,358 -2,181 -1,615 1,436 1,582 2,064 HS90A
1D3931 1ID349 -1,323  -1,846 -1,468 -1,022 1,241 1,094 HS90A
ID553 ID351 -1,720 -2,040 -1,825 -1,025 1,395 1,488 HS90A
ID575 ID356 -1,393  -1,556 -1,382 -1,326 -1,385 -1,179 HS90A

D559-1 ID357-1  -1,505 -2,088 -1,781 -1,565 -1488 -1410 HS90A
ID584-3  ID368-3  -1,062 -1,038 -1,113 -2256 -1,077 -1,129 HS90A
D628 D375 1,761 1,831 1,828 2,658 2,852 2274 HS90A
ID618-2  ID376-2  -1,143 -1,130 -1216 -1,586 -1,197 -1,309 HS90A
ID629-2  ID378-2  -1,107 -1,066 -1,151 -1,583 -1,197 -1,297 HS90A
ID622-2  ID400-2  -1,653 -1,807 -1,627 -1,755 -1,425 -1261 HS90A
D627-1 D401-1 1278 1241 1305 1,599 1818 1,574 HS90A
ID577-3  ID371-3 1,199 1,052 1210 -1,504 -1,065 -1,169 HS90B

1D490 1D278 -1,545 -1,618 -1,603 -1,590 -1,173 -1,022 HSP74
D491 ID288 -1,800 -1,825 -1,823 -1,833 -1,386 -1,221 HSP74
1D92002-3 1D208438-3 -1,923 -1,463 -1,707 -1,341 1,012 -1,160 HSP7C
1D681-4 1D448-4 1,145 1,086 1,050 1,593 1,355 1,439 HSP7C

* doubles: duplicates (same identification but different spots) are marked with a “D*

O O O U

Symbol in
IPA
HSP90AAL1

HSP90AALI
HSP90AA1
HSP90AA1
HSP90AA1
HSP90AAL
HSP90AAL
HSP90AAL
HSP90AA1
HSP90AALI
HSP90AA1
HSP90AA1
HSP90AAL
HSP90AB1

HSPA4
HSPA4
HSPAS
HSPAS

Entrez Gene Name

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class A member 1

heat shock protein 90kDa alpha
(cytosolic), class B member 1

heat shock 70kDa protein 4
heat shock 70kDa protein 4
heat shock 70kDa protein 8
heat shock 70kDa protein 8

Location

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Type(s)
other
other
other
other
other
other
other
other
other
other
other
other
other
other

other
other
enzyme

enzyme
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Appendix

LZ-1ID

1D1449-1

ID1373-2

1D1449-2

1D1425

ID1429-1

1D348681-2

1D1429-2

ID768-2

ID801

ID828-3

ID767-1

ID1358-2
1ID1399-1
ID1433-2
ID1372-5

1D362224-2 1D157676-2

* doubles: duplicates (same identification but different spots) are marked with a “D*

KZ-ID

1D985-1

1D74214-2

1D985-2

ID986

ID991-1

1D964-2

1D991-2

ID508-2

ID517

ID566-3

ID501-1

1D946-2
1D973-1
ID998-2
1D957-5

Omin

-1,583

-1,400

-1,583

-1,564

-1,781

1,233

-1,781

1,888

1,188

1,799

1,942

1,327
1,522
-1,004
-1,396
1,137

30min 60min 24h

-1,585

-1,668

-1,585

-1,558

-1,668

1,243

-1,668

2,288

1,516

2,398

2,566

-1,211
-1,606
1,049
-1,506
1,473

-1,360

-1,390

-1,360

-1,462

-1,498

1,323

-1,498

1,981

1,247

2,061

2,128

-L119
-1,380
1,044
-1,330
1,517

-1,226

2,154

-1,226

-1,191

-1,454

1,606

-1,454

4,371

1,623

3,217

4,545

-1,739
-1,164
1,733
-1,447
1,260

48h 72h Protein * Symbolin

-1,164

1,020

-1,164

-1,189

-1,325

1,108

-1,325

4,553

1,704

3,072

4,749

-1,585
-1,023
1,184
-1,159
-1,197

-1,190

1,015

-1,190

-1,071

-1,219

1,127

1,219

3,410

1,549

2,468

3,764

-1,613
-1,055
1,177
-1,066
-1,056

1433B

1433E

1433G

1433G

1433T

1433Z

1433Z

2AAA

2AAA

2AAA

2AAB

3HIDH
3HIDH
6PGL
TPM3L
ACL6A

IPA
YWHAB

YWHAE

D YWHAG

D YWHAG

YWHAQ

(includes EG:

10971)
D  YWHAZ

D YWHAZ

D PPP2RIA
D PPP2RIA
D PPP2RIA

PPP2RIB

D HIBADH
D HIBADH
PGLS

D ACTL6A

Entrez Gene Name

tyrosine 3-monooxygenase/tryptophan
S-monooxygenase activation protein,
beta polypeptide

tyrosine 3-monooxygenase/tryptophan
S-monooxygenase activation protein,
epsilon polypeptide

tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein,
gamma polypeptide

tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein,
gamma polypeptide

tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein,
theta polypeptide

tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein,
zeta polypeptide

tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein,
zeta polypeptide

protein phosphatase 2, regulatory
subunit A, alpha

protein phosphatase 2, regulatory
subunit A, alpha

protein phosphatase 2, regulatory
subunit A, alpha

protein phosphatase 2, regulatory
subunit A, beta

3-hydroxyisobutyrate dehydrogenase
3-hydroxyisobutyrate dehydrogenase

6-phosphogluconolactonase

actin-like 6A

Location

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm
unknown

Cytoplasm
Cytoplasm
Cytoplasm

Nucleus

Type(s)

other

other

other

other

other

enzyme

enzyme

phosphatase
phosphatase
phosphatase
phosphatase

enzyme
enzyme

enzyme

other

XXXIX
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein

1D466-2 1ID290-2  -1,886 -2,030 -2,055 -2,464 -1,588 -1,426 MVP
ID584-2 ID368-2  -1,062 -1,038 -1,113 -2,256 -1,077 -1,129 MXI1

ID17545 ID63908  -1,094 1,215 -1,027 2350 2,521 1,707 MXI1

ID379418-1 1D67833-1 -1,981 -2,365 -2,069 -2,136 -1,454 -1,344 MYGI

ID31063-1  ID8294-1 -1,980 -1,592 -1,597 -4,548 -1,465 -1,337 MYHI3

ID1052-3 ID321899-3 -2,208 -1,741 -1,987 -1,464 -1,214 -1,204 MYL3

1D405 1ID190 -1,192 -1,522 -1,362 -1,403 -1,002 -1,279 NASP

ID1632-1 ID1099-1  -1,657 -1,393 -1,298 -1,084 -1,190 -1,033 NDKA

1D697-3 ID32180-3 1,395 1,302 1,200 1,928 2,741 2,515 NDUSI

1D20028 ID139690  -1,226 -1,120 -1,290 1,605 1,034 -1,004 NEBU

ID617-2  1D140011-2 -1,499 -1,630 -1,560 -1,143 -1,267 -1,120 NEBU

1D1478-2 ID1020-2 1,183 1,548 1,334 3,117 1,567 1,532 NNMT
ID1702 ID1122 -1,154 3,445 1,277 1,187 1,064 1,142 CALM

ID929-1  ID373575-1 -1,718 -2,260 -1,647 -1,167 -1,296 -1,073 NPILI
1D845 ID570 1,593 1,800 1,701 2911 3,002 2,225 NPILI
D926 1ID652 -1,616 -1,961 -1,602 -1,230 -1,327 -1,131 NPILI
1ID842 ID565 1,981 2,159 1,964 3,474 3,646 2,756 NPIL4
1ID846 ID571 1,804 1,949 1,807 2,918 3,114 2,378 NP1L4

1D1224 ID308638  -1,141 -1,747 -1,750 -1,352 -1,027 -1,152 NPM

* doubles: duplicates (same identification but different spots) are marked with a “D*

*

o

>AlvilvElvElvilv)

Symbol in
IPA
MVP
MX1

MX1

CI120RF10
MYH13

MYL3
NASP
NMEI1

NDUFS1

NEB
NEB
NNMT
CALMI

NAPILI
NAPIL1
NAPILI
NAP1L4
NAP1L4

NPM1 (includes
EG:4869)

Entrez Gene Name

major vault protein

myxovirus (influenza virus) resistance
1, interferon-inducible protein p78
(mouse)

myxovirus (influenza virus) resistance
1, interferon-inducible protein p78
(mouse)

chromosome 12 open reading frame 10

myosin, heavy chain 13, skeletal
muscle

myosin, light chain 3, alkali;
ventricular, skeletal, slow

nuclear autoantigenic sperm protein
(histone-binding)

non-metastatic cells 1, protein
(NM23A) expressed in

NADH dehydrogenase (ubiquinone)
Fe-S protein 1, 75kDa (NADH-
coenzyme Q reductase)

nebulin
nebulin
nicotinamide N-methyltransferase

calmodulin 1 (phosphorylase kinase,
delta)

nucleosome assembly protein 1-like 1
nucleosome assembly protein 1-like 1
nucleosome assembly protein 1-like 1
nucleosome assembly protein 1-like 4
nucleosome assembly protein 1-like 4

nucleophosmin (nucleolar
phosphoprotein B23, numatrin)

Location

Nucleus

Nucleus

Nucleus

unknown

Cytoplasm
Cytoplasm
Nucleus
Nucleus

Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm

Plasma
Membrane

Nucleus
Nucleus
Nucleus
Nucleus
Nucleus

Nucleus

Type(s)

other

enzyme

enzyme

other

other
other
other
kinase

enzyme

other
other
enzyme

other

other
other
other
other
other

transcription
regulator

xli
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Appendix

LZ-1D KZ-ID Omin

ID661 1D230383 1,327

ID105671-1 1D236729-1 -1,230

1D662 ID410 1,148

ID658 ID451791 1,241

ID594 1ID606664 1,970

1D622-1 1D400-1 -1,653

ID554833  ID112565  -1,726

1D466-1 1ID290-1  -1,886

1ID201269-1 1D81237-1 -8,373

ID550-2 ID313-2  -2,077

ID558 1D40308 1,230
1D17422-1 ID563-1 1,456

ID812-1 ID577-1 1,117

ID1401-2 ID996-2  -1,644

ID876 1D607 -1,813
1D977-3 ID687-3 1,519
1D1032-1 ID758-1 -2,095

1ID302775-2 1D1691858-2 -1,345

* doubles: duplicates (same identification but different spots) are marked with a “D*

30min 60min 24h

1,691

1,089

1,561

1,223

1,843

-1,807

2,164

-2,030

-6,196

-1,997

1,254
1,747

1,137

-1,432

-1,539
1,535
-2,071

-1,539

1,468

-1,270

1,240

1,159

1,832

-1,627

-2,127

-2,055

-7,125

-1,890

1,063
1,625

1,214

-1,290

-1,773
1,525
-1,735

-1,425

3,234

1,713

2,128

1,575

-1,167

-1,755

-2,681

2,464

-1,519

-1,785

-3,207
-1,215

1,038

-1,364

-1,259
1,329
-8,220

-1,370

48h

1,905

1,139

1,453

1,150

1,010

-1,425

-1,772

-1,588

-1,978

-1,412

-1,245
1,024

-1,180

-1,407

-1,322
-1,144
-1,526

-1,263

72h

2,031

1,254

1,472

1,152

-1,194

-1,261

-1,756

-1,426

-1,691

-1,356

-1,171
1,013

-1,155

-1,312

-1,275
-1,139
-1,278

-1,186

Protein

GRP78

GRP78

GRP78

GRP78

GRP78

GSPT1

UBE1

UBE1

UQCRI

P3H1

P3H3
P4HA1

P4HA2

GDIR

TBAK
TBAK
PA2G4

PABP2

*

Symbol in
IPA
HSPAS

HSPAS
HSPAS
HSPAS
HSPAS
GSPTI
UBALI
UBALI
UQCRCI
LEPRE!

LEPREL2
P4HA1

P4HA2
ARHGDIA

TUBAI1B
TUBA1B
PA2G4

PABPN1

Entrez Gene Name

heat shock 70kDa protein 5 (glucose-
regulated protein, 78kDa)

heat shock 70kDa protein 5 (glucose-
regulated protein, 78kDa)

heat shock 70kDa protein 5 (glucose-
regulated protein, 78kDa)

heat shock 70kDa protein 5 (glucose-
regulated protein, 78kDa)

heat shock 70kDa protein 5 (glucose-
regulated protein, 78kDa)

G1 to S phase transition 1

ubiquitin-like modifier activating
enzyme |

ubiquitin-like modifier activating
enzyme |

ubiquinol-cytochrome ¢ reductase core
protein I

leucine proline-enriched proteoglycan
(leprecan) 1

leprecan-like 2

prolyl 4-hydroxylase, alpha
polypeptide T

prolyl 4-hydroxylase, alpha
polypeptide 11

Rho GDP dissociation inhibitor (GDI)
alpha

tubulin, alpha 1b
tubulin, alpha 1b
proliferation-associated 2G4, 38kDa

poly(A) binding protein, nuclear 1

Location

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Nucleus

Nucleus

Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm

Nucleus

Nucleus

Type(s)
other
other
other
other
other

translation

regulator
enzyme
enzyme
enzyme
enzyme

enzyme

enzyme
enzyme
other

other
other

transcription
regulator

other
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Appendix

LZ-1D KZ-ID

ID17364-2  1D65569-2
1D1522 1D1046
1D1468-1 ID1016-1

1ID348681-1  1D964-1

1ID16655 ID1175
ID1492-2  1D12926-2

1ID25674  1D1752165

ID577-2 ID371-2

1D384077-1  1D525-1
1D843-1 ID549-1

ID1443 1ID1002
1ID1272 1D20440

1D1030-1 1ID739-1

1D415-2 1D230-2
1D446 ID611058

1D452477 1D91803
ID671 1D394

ID1084-2  ID405639-2
1D844-1 ID582-1
ID893-3 ID633-3
1D1243-1 1D848-1
ID1541-1 ID1060-1

* doubles: duplicates (same identification but different spots) are marked with a “D*

Omin

1,400
-1,433
1,423

1,233

-1,473
-1,233

1,205

1,199

1,479
-1,444

-1,328
1,161

-2,081

-1,285
-1,385
1,337
-1,148

-1,491
1,297
-1,315
-1,689
2,501

30min 60min

1,555
-1,247
1,570

1,243

-1,196
-1,144

1,218

1,052

1,835
-1,597

-1,058
1,258

-2,031

-1,517
1,718
1,484
1,029

-1,707
-1,027
-1,304
-1,599
2,401

1,435
-1,370
1,481

1,323

-1,188
-1,078

1,238

1,210

1,524
-1,492

-1,090
1,099

-1,790

-1,734
-1,677
1,429
-1,076

-1,100
1,177
-1,290
-1,540
2,651

24h

1,282
-1,960
-1,012

1,606

-1,365
-2,537

1,627

-1,504

-1,160
-1,309

-3,878
-3,334

-1,645

-1,547
-2,098
2,054
1,560

-1,896
-2,854
-3,680
-1,203
-1,508

48h

1,277
-1,194
-1,196

1,108

1,471
-1,063

1,053

-1,065

1,053
-1,372

-1,156
-1,429

-1,315

-2,220
-1,893
3,248
-1,277

-1,407
-1,107
-1,248
-1,136
-1,193

72h

1,099
-1,186
-1,298

1,127

3,447
1,061

1,199

-1,169

1,046
-1,253

-1,083
-1,315

-1,240

-2,095
-1,705
2,338
-1,552

-1,010
-1,019
-1,060
1,014
-1,146

Protein

PEPD
PFD3
PHB

PHB

PHP14
PIMT

PLOD3

PLOD3

PLST
PNCB

PNPO
PP1A

PPI1R7

PPCE

PPCE

PPCE
PPMIG

PPME1
PPP5
PPP5
PPP6

PRDX2

o

Symbol in
IPA
PEPD
VBP1

PHB (includes
EG:5245)

PHB (includes
EG:5245)

PHPT1
PCMT1

PLOD3
PLOD3

PLS3
NAPRT1

PNPO
PPP1CA

PPPIR7

PREP

PREP

PREP
PPMIG

PPME1
PPP5C
PPP5C
PPP6C
PRDX2

Entrez Gene Name

peptidase D
von Hippel-Lindau binding protein 1
prohibitin

prohibitin

phosphohistidine phosphatase 1

protein-L-isoaspartate (D-aspartate) O-
methyltransferase

procollagen-lysine, 2-oxoglutarate 5-
dioxygenase 3

procollagen-lysine, 2-oxoglutarate 5-
dioxygenase 3

plastin 3

nicotinate phosphoribosyltransferase
domain containing 1

pyridoxamine 5'-phosphate oxidase

protein phosphatase 1, catalytic
subunit, alpha isozyme

protein phosphatase 1, regulatory
(inhibitor) subunit 7

prolyl endopeptidase
prolyl endopeptidase
prolyl endopeptidase

protein phosphatase, Mg2+/Mn2+
dependent, 1G

protein phosphatase methylesterase 1
protein phosphatase 5, catalytic subunit
protein phosphatase 5, catalytic subunit
protein phosphatase 6, catalytic subunit

peroxiredoxin 2

Location

Cytoplasm
Cytoplasm

Nucleus
Nucleus

Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm

Cytoplasm

unknown

unknown

Cytoplasm
Nucleus

Cytoplasm
Cytoplasm
Cytoplasm

Nucleus

unknown
Nucleus
Nucleus
Nucleus

Cytoplasm

Type(s)

peptidase
other

transcription
regulator

transcription
regulator

phosphatase

enzyme
enzyme
enzyme

other

enzyme

enzyme

phosphatase
phosphatase

peptidase

peptidase

peptidase
phosphatase

enzyme
phosphatase
phosphatase
phosphatase

enzyme

xlv
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Appendix

LZ-1D

ID1373-1

ID1392

ID1409-1

1D934-3

1D906-2

1D458579

ID381
1D477-2

ID751
1D849
ID837
1D2200
ID16669
ID1137-3

1ID364-2
ID1703

1ID373121

ID714
ID1446-1
ID932

KZ-ID

ID74214-1

1ID967

1D982-1

1D684-3

ID654-2

1D96362

1ID199
1D279-2

1D463
ID586
ID587
1D380246
ID1183
1ID799-3

ID171-2
ID1142

ID1752611

1ID435
1ID1004-1
ID653

Omin

-1,400

-1,671

-2,012

-1,335

-1,168

-1,347

-1,569
-1,387

2,128
-1,107
-1,108
2,009
-1,754
1,163

-1,054
-1,520

1,145

1,975
-1,623
1,286

30min 60min

-1,668

-1,886

-1,783

-1,433

1,058

-1,805

-1,979
-1,493

2,669
-1,012
1,227
2,131
-1,512
1,168

1,111
-1,130

1,055

2,340
-1,452
1,208

-1,390

-1,581

-1,654

-1,399

-1,218

-1,643

-1,845
-1,616

2,053
1,002
1,007
1,935
-1,263
1,128

1,009
-1,144

1,088

2,024
-1,338
1,151

24h

2,154

-1,197

-1,369

-3,437

-1,590

-1,895

-2,049
-1,578

4,233
-2,605
-7,888
3,046
-1,309
-3,538

1,582
1,028

-1,556

3,496
-1,514
-1,510

48h

1,020

-1,062

-1,201

-1,460

-1,528

-1,623

-1,297
-1,500

4,113
-1,036
1,078
3,131
1,699
-1,361

1,061
-1,022

-1,330

3,702
-1,425
1,229

72h

1,015

-1,080

-1,068

-1,241

-1,449

-1,525

-1,442
-1,318

2,992
1,079
1,179
2,409
3,751
1242

1,045
1,144

1,227

2,744
-1,335
-1,322

Protein

PSME2

PSME2

PSME2

PTNI1

PTRF

PUR4

DYNA
GPIA1

TRXRI1
TRXR1
TRXRI1
TBA3
TXNLS
DNIJBB

OXRP
HSBI11

QCRI

RANB3
RANG
RBBP4

* doubles: duplicates (same identification but different spots) are marked with a “D*

*

O O O U

Symbol in
IPA
PSME2

PSME2

PSME2

PTPN1
PTRF
PFAS

DCTNI1
CAPRIN1

TXNRD1
TXNRDI1
TXNRDI
TUBAIA
TXNDC17
DNAJBI11

HYOU1
HSPB11

UQCRCI

RANBP3
RANBP1
RBBP4

Entrez Gene Name

proteasome (prosome, macropain)
activator subunit 2 (PA28 beta)

proteasome (prosome, macropain)
activator subunit 2 (PA28 beta)

proteasome (prosome, macropain)
activator subunit 2 (PA28 beta)

protein tyrosine phosphatase, non-
receptor type 1

polymerase I and transcript release
factor

phosphoribosylformylglycinamidine
synthase

dynactin 1

cell cycle associated protein 1

thioredoxin reductase 1
thioredoxin reductase 1
thioredoxin reductase 1
tubulin, alpha la
thioredoxin domain containing 17

Dnal (Hsp40) homolog, subfamily B,
member 11

hypoxia up-regulated 1

heat shock protein family B (small),
member 11

ubiquinol-cytochrome ¢ reductase core
protein I

RAN binding protein 3
RAN binding protein 1

retinoblastoma binding protein 4

Location

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Nucleus
Cytoplasm

Cytoplasm

Plasma
Membrane

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm

unknown
Cytoplasm

Nucleus
Nucleus

Nucleus

Type(s)
peptidase
peptidase
peptidase
phosphatase

transcription
regulator

enzyme

other

other

enzyme
enzyme
enzyme
other
enzyme

other

other

other
enzyme

other
other

enzyme

xlvii
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein

ID703 1ID466 1,362 1,509 1,350 2,518 1,913 1,519 SCFDI
ID1139-2 ID552252-2 1,216 -1,085 -1,046 -3,172 -1,064 -1,014 SCMCl1

ID1093-1 ID785-1 -1,990 -1,976 -1,565 -4,586 -1,251 -1,246 SCMCI

1D937 1ID670 -1,917 -1,897 -1,619 -2,259 -1,435 -1,212 SCRNI
1D697-1 ID32180-1 1,395 1,302 1,200 1,928 2,741 2,515 SDCI10
1D921-1 1D622-1 -1,202 -1,395 -1,470 -1,610 -1,469 -1,221 SEPT8

1D92002-1 1D208438-1 -1,923 -1,463 -1,707 -1,341 1,012 -1,160  SET
ID1052-1 ID321899-1 -2,208 -1,741 -1,987 -1,464 -1,214 -1,204 SET
1ID306795-1  ID762-1 -1,508 -1,346 -1,323 -5,070 -1,504 -1,898  SET
1D90190 1D820 -1,957 -6,220 -1,780 -1,696 1,096 1,036 SET
1D9%421 ID118966  -1,085 1,159 1,023 3,350 1,699 1,479 SF3B2
ID354 ID179 -1,326 -1,796 -1,907 -5,408 -1,548 -1,571 SF3B2
ID355 ID180 -1,448 -1,841 -1,865 -4,263 -1,752 -1,824 SF3B2

ID143526 1ID1752943 1,052 1,051 1,017 -1,664 1,008 -1,328 SFRSI1
1ID1337-2 ID921-2  -1,736 -1,514 -1,586 -1,778 -1,745 -1,563 SFRSI1
ID1345-2 1D926-2 2,250 2,388 2,197 2275 1,848 1,635 SFRS2

ID1572 ID1076 1,346 1,033 -1,069 -11,240 -2,151 -3,187 SFRS3
ID506742  1D1494392 -3,151 -2,605 -2,433 1,183 -1,685 -1,580 SFRS3
ID955-2  ID156763-2 -1,761 -1,393 1,020 -1,692 -1,413 -1,572 SH3Gl1
ID13083-2 1D160314-2 -3,336 -3,320 -1,891 -1,634 -1,403 -1,320 SH3Gl
1D954-2 ID700-2  -1,249 -1,165 -1,160 -1,608 -1,216 -1,133 SH3Gl
ID379418-2 1D67833-2 -1,981 -2,365 -2,069 -2,136 -1,454 -1,344 SHLBI
1D972 1ID405631  -1,562 -1,661 -1,405 -1,919 -1,339 -1,313 SHLB2

* doubles: duplicates (same identification but different spots) are marked with a “D*

*

D

D

l>AlvEivalvilvilvalvElvalvj

O U O O U

Symbol in Entrez Gene Name
IPA
SCFD1 secl family domain containing 1

SLC25A24 solute carrier family 25 (mitochondrial
carrier; phosphate carrier), member 24

SLC25A24 solute carrier family 25 (mitochondrial
carrier; phosphate carrier), member 24

SCRN1 secernin 1
SEPTS septin 8
SET SET nuclear oncogene
SET SET nuclear oncogene
SET SET nuclear oncogene
SET SET nuclear oncogene
SF3B2 splicing factor 3b, subunit 2, 145kDa
SF3B2 splicing factor 3b, subunit 2, 145kDa
SF3B2 splicing factor 3b, subunit 2, 145kDa
SRSF1 serine/arginine-rich splicing factor 1
SRSF1 serine/arginine-rich splicing factor 1
SRSF2 serine/arginine-rich splicing factor 2
SRSEF3 serine/arginine-rich splicing factor 3
SRSF3 serine/arginine-rich splicing factor 3
SH3GL1 SH3-domain GRB2-like 1
SH3GL1 SH3-domain GRB2-like 1
SH3GL1 SH3-domain GRB2-like 1

SH3GLB1 SH3-domain GRB2-like endophilin B1

SH3GLB2 SH3-domain GRB2-like endophilin B2
(includes EG:
56904)

Location

Cytoplasm
Cytoplasm

Cytoplasm

Cytoplasm

Extracellular
Space

Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus

Nucleus

Nucleus
Nucleus
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Type(s)

transporter

other
other

other

other

phosphatase
phosphatase
phosphatase
phosphatase
other
other
other
other
other

transcription
regulator

other
other
other
other
other
enzyme

other

xlix
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein *

ID1161 D817 -1,861 -1918 -1,671 -1,628 -1457 -1,293 STRAP
ID305540-2 ID835-2 2,578 -4,750 -2,699 1,122 -1347 -1,083 STRAP
ID1058-1  ID746-1 -1328 -1,428 -1,093 -1,921 -1,982 -1,711 SUCBI
ID691-2  ID493-2 1,783 1,653 1,603 1,188 2,052 2,115 SWP70

ID460-2  ID285-2  -1,956 -2,020 -2,086 -2,326 -1432 -1,262 SYAC
ID929-2  ID373575-2 -1,718 2,260 -1,647 -1,167 -1296 -1,073 SYAPI
D934-1 ID684-1  -1335 -1433 -1,399 -3437 -1460 -1241 SYDC
ID673-1 ID442-1  -1,649 -1404 -1,539 2,963 -1,158 1,041 SYG
D908 D666  -1267 -1,182 -1262 -1967 -1,510 -1,280 SYHC
ID625-3  ID385-3  -1210 -1270 -1,159 4,079 -1,183 -1,075 SYK
D683-1 ID455-1 1,657 1,946 1,676 2808 2279 1922 SYK

[D469498-2 ID519949-2 1,667 1,660 1,718 1249 1,137 1,163 SYWC
D885 D623 -1,594 -1452 -1391 -1,777 -1,131 1,068 SYWC
ID29100  ID1752670 -1,268 -1,681 -1,401 -1979 -1,697 -1437 TADBP

ID1084-1 ID405639-1 -1,491 -1,707 -1,100 -1,896 -1,407 -1,010 TADBP
ID1078-3 ID749-3  -1,015 1,071 1,005 -1,529 -1,464 -1,283 TADBP
ID1046-2  ID83121-2 12,137 9,453 7,307 1,021 -1,083 -1,075 TADBP

ID1183-2 ID841-2  -1,630 -1,537 -1,458 -1,593 -1,097 -1,009 TALDO
ID17364-1 1D65569-1 1,400 1,555 1,435 1,282 1,277 1,099 TBAIA
ID904-1 ID161198-1 -1,181 1,096 -1,394 -1,475 -1,524 -1,192 TBAIB
1D402687 ID32346  -1,276 -1,575 -1,055 -1,342 -1,923 -1,514 TBAIB
ID836-2 ID597-2 1,176 1,244 1,158 2,193 2370 1,426 TBAIB

* doubles: duplicates (same identification but different spots) are marked with a “D*

D

D

O U O O U

o

O O O U

Symbol in
IPA
STRAP

STRAP
SUCLA2
SWAP70

AARS
SYAP1
DARS
GARS
HARS
KARS
KARS
WARS
WARS
TARDBP

TARDBP
TARDBP
TARDBP

TALDO1
TUBAITA
TUBA1B
TUBAIB
TUBAI1B

Entrez Gene Name

serine/threonine kinase receptor
associated protein

serine/threonine kinase receptor
associated protein

succinate-CoA ligase, ADP-forming,

beta subunit

SWAP switching B-cell complex
70kDa subunit

alanyl-tRNA synthetase
synapse associated protein 1
aspartyl-tRNA synthetase
glycyl-tRNA synthetase
histidyl-tRNA synthetase
lysyl-tRNA synthetase
lysyl-tRNA synthetase
tryptophanyl-tRNA synthetase
tryptophanyl-tRNA synthetase
TAR DNA binding protein

TAR DNA binding protein
TAR DNA binding protein
TAR DNA binding protein

transaldolase 1
tubulin, alpha la
tubulin, alpha 1b
tubulin, alpha 1b
tubulin, alpha 1b

Location

Plasma
Membrane

Plasma
Membrane

Cytoplasm
Cytoplasm

Cytoplasm
Nucleus
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Nucleus
Nucleus
Nucleus
Nucleus

Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Type(s)
other
other

enzyme
other

enzyme
other
enzyme
enzyme
enzyme
enzyme
enzyme
enzyme
enzyme

transcription
regulator

transcription
regulator

transcription
regulator

transcription
regulator

enzyme
other
other
other

other
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Appendix

LZ-1ID KZ-ID Omin 30min 60min 24h 48h 72h Protein

ID1576 1ID1082 1,012 -1,080 -1,088 -1,431 -1,222 -1,280 TCTP
ID2310 ID1086 -1,422 -1,283  -1,246 -1,952 -1,437 -1,536 TEBP
1ID540 1D300 -1,263  -1,405 -1,395 -1,825 -1,328 -1,256 TERA

1D9875 1D344 -1,438 -1,530 -1,527 -1,992 -1,483 -1,267 TERA
ID681-2 1D448-2 1,145 1,086 1,050 1,593 1,355 1,439 TF65

1D414193 1D802 -1,181 -1,097 -1,126 -1,664 -1,169 -1,087 THOC3
ID479-1  ID116600-1 -1,568 -1,765 -1,880 -3,815 -1,575 -1,395 TIFIB

1D478-2 ID274-2  -1,510 -1,719 -1,726 -2,192 -1,343 -1,246 TIF1B
1D469-2 ID275-2  -1,513 -1,795 -1,785 -2,124 -1,358 -1,263 TIF1B
1D7894-2 ID284-2  -1,190 -1,294 -1,308 -1,656 -1,105 -1,075 TIF1B

1D488 1ID286 -1,288 -2,097 -2,251 -2,568 -1,423 -1,514 TIFIB
ID471051-2  ID661-2  -1,070 -1,169 -1,283 -2,810 -1,452 -1,291 TIF1B
1D1449-3 ID985-3  -1,583 -1,585 -1,360 -1,226 -1,164 -1,190 TIF1B

ID537545-2  1D484-2 2,340 1,560 2,338 -1,031 1,032 -1,195 TKT
ID774 1D495 2,046 2,505 1,966 3921 3,849 2,761 TMIL2
ID1463-2 ID1014-2  -1,566 -1,283 -1,287 -3,216 -1,085 -1,105 TPIS
ID55610-1 1ID313265-1 1,009 -1,265 -1,102 -1,638 -1,879 -1,511 TPMI
ID1315 1D902 1,148 1,042 1,038 -1,362 -1,551 -1,287 TPMI
ID1372-3 ID957-3  -1,396 -1,506 -1,330 -1,447 -1,159 -1,066 TPMI1
1ID87491 ID304592  -1,761 -2,128 -1,510 1,227 -1,136 -1,002 TPM2

* doubles: duplicates (same identification but different spots) are marked with a “D*

*

O O O O

Symbol in
IPA

TPT1 (includes
EG:7178)

PTGES3
(includes EG:
10728)

VCP
VCP
RELA

THOC3
TRIM28

TRIM28
TRIM28
TRIM28
TRIM28
TRIM28
TRIM28

TKT
TOMI1L2
TPI1
TPM1
TPM1
TPM1
TPM2

Entrez Gene Name

tumor protein, translationally-
controlled 1

prostaglandin E synthase 3 (cytosolic)

valosin-containing protein
valosin-containing protein

v-rel reticuloendotheliosis viral
oncogene homolog A (avian)

THO complex 3

tripartite motif-containing 28
tripartite motif-containing 28
tripartite motif-containing 28
tripartite motif-containing 28
tripartite motif-containing 28
tripartite motif-containing 28
tripartite motif-containing 28

transketolase
target of myb1-like 2 (chicken)
triosephosphate isomerase 1
tropomyosin 1 (alpha)
tropomyosin 1 (alpha)
tropomyosin 1 (alpha)
tropomyosin 2 (beta)

Location

Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm

Nucleus

Nucleus

Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus
Nucleus

Cytoplasm
unknown
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm
Cytoplasm

Type(s)
other

enzyme

enzyme
enzyme

transcription
regulator

other

transcription
regulator

transcription
regulator

transcription
regulator

transcription
regulator

transcription
regulator

transcription
regulator

transcription
regulator

enzyme
transporter
enzyme
other
other
other

other




owkzuo
owkzuo
SWAZUd

SWAZUd

Ioyj0
SWAZUS
QwAZUd
QwAzud
QWAZUd

owkzud

10)10dsuen
osepndad

asepndad
19410
10730
194j0
19130

10U)0

(s)adAg,

wsedojk)
wsedojk)
wsedojk)

wsedojk)

SNATONN
wsedojk)
wsedojk)
wsedojk)
wisejdolA)

wisedoif)
snaponN

doedg

Te[ny[ooenXg

ooedg

Ie[ny[ooenXg

wsedojk)
wsedojk)
wisejdolA)
wsedojk)
wsedojk)

uonedI0|

1 owkzud
Suneanoe 1oIrpow ayI[-unnbign

1 owAzud
Suneanoe oyIpow ayI[-unmbiqn

1 wAzud
Suneanoe JeyIpow oyI[-unInbign

[ QWwAzZud
Suneanoe 1oyIpow oyI[-unnbiqn

C

10})00] ATRI[IXNE YN Jes[onu [[ews g

(wnnonai osrwsejdopud)
G SUTUTEIUOD UTRWIOP UTXOPAIOTY)

(wnnonai srwsejdopud)
G SUTUTEIUOD UTRWIOP UTXOPAIOTY)

(wnnonai orwsejdopud)
G Sururejuoo UTEWIOP UTXOPAIOTY}

(wnnonai orwsejdopud)
G Surure)uod UrEWIOp UTXOPAIOIY}

(wnynonar orwse[dopus)
G SuruIeIUOd UIBWOP UIXOPAIOIY)

X J010€J PIJBIOOSSE-UI[SUET)
ULLI3JSULI)0)I’]

ULLIQJSUEI)0)OR]
 uisoAwodoxn
¢ ursoAwodon
(e12q) 7 wisoAwodon
(e19q) 7 uisoAwodon
(e12q) 7 uisoAwodon

JUIBN] AUIN) ZAI)UY

Ivdan

Ivdan

Ivdn

vdan
(8¢€TT

:DY sapnjoutr)

adven
SOANXL
SOANXL
SOANXL
SOANXL

SOANXL
XVNSL

AL7T

ALT
YINdL
EINdL
CANdL
CANdL
CNdL

vdl
ul [oquIAS

)

0, B YlM paxJew ale (sjods jusioyip Ing uoieoniuap! swes) seyeoljdnp :se|gnop ,

Ivdan

vdan

Ivdn

vdan

advain

SANXL

SANXL

SANXL

SANXL

SANXL
XVNSL

T4d4L

T4dL
YINdL
EINdL
CANdL
CANdL
CNdL

91~

€97°1-

91~

€e1l-

080°T

T09°1-

6€1°1-

0z~

GSS'1-

950°1-
TS1°1-

¥8€C

761
990°1-
990°1-
990°1-
9zI°1-
1151~

Er'l-

851~

£pe’l-

Tl

00€‘T

6SS°1-

vr11-

€0v°1-

165°1-

L61°T-
160°1-

SL6T

6LT°T
651°1-
651°1-
65T°1-
6v1°1-
6L8°1-

9TET

velc

T61°C-

168°1-

L6L'T-

6¥9°1-

6TE1

v€9°1-

0¥9°1-

09Z°1
99¢‘y-

€80°C

808°C
LyY'1-
Ly 1-
L¥Y'1-
S61°1-
8€9°1-

980°C-

S8L1-

9TL 1~

TTLl-

€€€l

1€0°1-

STST

168°1-

9zl

LIST
810°1

Tle6'l

9L9°1
0€€'T-
0€€’T-
0€€°T-
LS T-
T01°T-

020°C-

S6L1-

61L°1-

TLY1-

081

101°1-

SEST

0ze'e-

6Vl

€LYT
LT0°T-

010C

961
905°1-
905°1-
905°1-
1€9°1-
S9T°1-

956°1-

€181~

0151~

€811~

16€°1

060°1-

61S°1

9€g’e-

LIET

LET'T
LITT-

06L°1

LS9°T
96€°1-
96€°1-
96€°1-
L19°T-
600°T

upjord YL Y8y Ypc ulwg9 uiwpge uruwg

£€-68¢dl

[-sL2dl

I-¥Lcdl

£€-09¥dl

1-69¥dl

1-8LvAl

C0S6€11dl  T-T8IL61dAI

yorerdl

-669d1

1-,89d1

I-¢1€091dI

[-29¢851dI

1-9L9LS1d1
9896d1

9sydl

-Ssydl
¢-Ls6dl
I-Ls6dI
y-LSedl
¥-668d1
¢-s9celedl

ar-z3

8¢yoedl

¢-656d1

1-LL6dI

[-€80¢€1dI

1-¢66d1

I-¥¢ceoedl
y0L1€Sdl

889dlI

-€89d1
ceLerdal
[-eLerdl
yeLerdl
y-ovcldl

c-0r1955dI

dar-z1

liv



Appendix

LZ-1ID

1D466-3

ID1358-1

1D3542

ID1116

ID818

ID545

ID550-1

ID767-2
ID764
1D809

ID1031

ID864-2

ID854-3

1D3227-2
1D975
ID1044
ID431

1D433

* doubles: duplicates (same identification but different spots) are marked with a “D*

KZ-ID

1D290-3

1D946-1

ID331959

ID793

ID561

ID312

ID313-1

ID501-2
ID502
ID151367

1D23331

ID616-2

1D64007-3

1D222773-2
ID712
1ID742
1D244

1D247

Omin

-1,886

-1,327

1,239

-1,432

-1,750

-2,073

-2,077

1,942
2,013
-1,647

-1,177

1,416

1,387

1,645
1,666
2,180
-1,149

-1,447

30min 60min 24h

-2,030

1,211

1,127

-1,457

-1,832

-2,017

-1,997

2,566
2,644
-1,981

-1,465

1,236

1,274

2,181
1,955
2,523
-1,424

-1,514

-2,055

1,119

1,155

-1,338

-1,645

-1,801

-1,890

2,128
2,178
-1,966

-1,361

1,282

1,389

1,814
1,776
2,567
-1,508

-1,532

2,464

-1,739

2,744

-2,106

-1,291

-1,652

-1,785

4,545
4,640
-1,339

-2,982

1,539

1,759

2,324
1,216
1,295
-1,880

-13,808

48h 72h Protein * Symbolin

-1,588

-1,585

-1,983

-1,020

-1,206

-1,272

-1,412

4,749
4,899
-1,258

-1,345

1,138

1,228

2,129
1,163
1,471

1,414

-1,354

-1,426

-1,613

-1,687

-1,042

-1,068

-1,194

-1,356

3,764
3,736
-1,131

-1,207

1,113

1,222

1,778
-1,003
1,086
-1,402

-1,213

UBAI

UBALI

UBA5S

UBCPI

UBP14

UBP5

UBP5

UBQL1
UBQLI
ULAL1

VATI

VATB2

VATB2

VIME
VIME
VIME
VINC

VINC

IPA
D UBAI

D UBALI

UBA5S

UBLCPI

USP14

D USPS

D USP5

&)

UBQLN1
UBQLNI
NAEI

o

VATI

D ATP6V1B2

D ATP6V1B2

VIM
VIM
VIM
VCL

O O O U

o

VCL

Entrez Gene Name

ubiquitin-like modifier activating
enzyme |

ubiquitin-like modifier activating
enzyme 1

ubiquitin-like modifier activating
enzyme 5

ubiquitin-like domain containing CTD
phosphatase 1

ubiquitin specific peptidase 14 (tRNA-
guanine transglycosylase)

ubiquitin specific peptidase 5
(isopeptidase T)

ubiquitin specific peptidase 5
(isopeptidase T)

ubiquilin 1
ubiquilin 1

NEDDS activating enzyme E1 subunit
1

vesicle amine transport protein 1
homolog (T. californica)

ATPase, H+ transporting, lysosomal
56/58kDa, V1 subunit B2

ATPase, H+ transporting, lysosomal
56/58kDa, V1 subunit B2

vimentin
vimentin
vimentin

vinculin

vinculin

Location

Cytoplasm
Cytoplasm
Cytoplasm
unknown
Cytoplasm
Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm

Plasma
Membrane

Cytoplasm
Cytoplasm

Cytoplasm
Cytoplasm
Cytoplasm

Plasma
Membrane

Plasma
Membrane

Type(s)
enzyme
enzyme
enzyme

phosphatase
peptidase
peptidase
peptidase

other
other

enzyme
transporter
transporter
transporter

other
other
other

enzyme

enzyme
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6. Table S-2

Summary results from network-analysis using Ingenuity Pathway Analysis (IPA).
Spot-lists of MALDI-TOF-MS identified proteins with statistical significance (all
protein spots are included in Table S-1) were analysed separately for each time point
regarding the biological functions. Statistical comparison of ENTplas treated samples
to the corresponding control was in the focus. A fold change of at least 1.5 was
considered as significant. Direct and indirect relationships were considered. Resulting
network-descriptions, molecular and cellular functions, as well as top tox lists are
displayed for each time point and combined in order to visualize time dependent

tendencies. The top 5 rankings of cellular functions and toxicities were summarized in
Figure 14.

Iviii



Appendix

Omin 30min 60min 24h 48h 72h
Associated
Network
Functi Score Score Score Score Score Score
Post- Cancer, Infection Cancer, [Post- Cellular
[Translational Reproductive Mechanism, Reproductive [Translational |JAssembly
Modification, System (Organismal System Modification, land
Protein Folding, Disease, [Development Disease, Protein |Organization,
1. [Cancer 46 ICardiovascul 47 , Lipid 52 [Cardiovascul 42 Folding, 52 Cancer, 51
ar Disease Metabolism ar Disease Infectious Reproductive
Disease System
Disease
Cell Protein Cancer, Gene [Cellular DNA
Morphology, Synthesis, [Reproductive Expression, JAssembly Replication,
Cancer, ICancer, RNA System RNA Post- land [Recombinatio
[Reproductive Post- Disease, |Translational [Organization, n and Repair,
2. System 43 [Translational 41 Cardiovascul 49 Modification, 40 [Cancer, 46 Post- 49
Disease Modification ar Disease Cellular Reproductive [Translational
|Assembly [System [Modification,
and Disease Protein
Organization Folding
Cancer, IDNA Post- [Amino Acid [Cell Death, Infection
[Reproductive replication, [Translational Metabolism, Neurological Mechanism,
System IRecombinatio Modification, Post- Disease, Infectious
Disease, n and Repair, Protein Translational [Organismal Disease,
3. Cellular 43 Energy 40 Folding, 47 Modification, 35 Injury and 33 lAmino Acid 25
|JAssembly and Production, Cellular [Small JAbnormalities Metabolism
(Organization Nucleic Acid Function and Molecule
Metabolism Maintenance Biochemistry
Post- Cell Neurological [Cancer, DNA Cell-to-Cell
|Translational IMorphology, Disease, Cellular Replication, Signaling and
Modification, Genetic (Cancer, [Assembly [Recombinatio Interaction,
Protein Disorder, Genetic and n and Repair, Cellular
4. Degradation, 42 Nfeurological 39 Disorder 46 (Organization, 33 Card_iovaswl 31 |JAssembly 2
Cell Death Disease [Small jar Disease, and
Molecule Infection Organization,
Biochemistry Mechanism Cellular
Function and
[Maintenance
Carbohydrate Post- Post- Tumor Protein Cell Death,
Metabolism, [Translational [ Translational Morphology, [Synthesis, Infection
[Small Molecule Modification, Modification, Cell Death, [Skeletal and Mechanism,
Biochemistry, Protein Protein DNA Muscular Cell Cycle
5. Immunological 41 Folding, 39 Folding, 26 Replication, 33 System 28 19
Disease |IAmino Acid Genetic Recombinatio [Development
Metabolism [Disorder n and Repair Jand Function,
Tissue
Morphology
Molecular and - - - - " -
Cellular value/Mole value/Mole value/Mole value/Mole value/Mole value/Mole

Functions

Top Tox Lists

Protein Folding (4,65E-11 —

2,71E-02/ 43

value/Ratio

value/Ratio

1,2E-05 /
7/57 (0,123)

1,95E-03 /
10/205
(0,049)

[Mitochondrial

7,42E-03 /
Dysfunction  [6/125 (0,048)

Mitochondrial
Dysfunction

(4,31E-03 /
7/125 (0,056)

Dysfunction

Cholesterol
Biosynthesis

2,71E02 /
2/16 (0,125)

value/Ratio

[Mitochondrial 2,22E-02 /

5/125 (0,04)

1,20E-01/
4/151 (0,026)

PPAR-
|Alpha/RXR
|Activation

3,22E-02/35

2,44E-06 —  [Cellular

4,26E-02 / 35 |[Assembly
land
|Organization

value/Ratio

value/Ratio

8,63E-05 /
12/205
(0,059)

6,69E-03 /
6/205 (0,029)

PPAR-

p|
Activation

PPAR-
Alpha/RXR
Activation

4,46E-02 /
6/166 (0,036)

1,28E-02 /

7,76E-02
2/68 (0,029)




7. Movie S-1 (see DVD)

Timeline of resulting Voronoi Treemaps for ENTplas treated vs. untreated S9
epithelial cells. Identified proteins were assorted into individualised KEGG-BRITE
hierarchy. Every tile in that structural hierarchy, representing one identified protein,
was coloured by logarithmised, normalized expression values (% volume, normalized
by the specific Cy-2-standard) of ENTplas treated samples divided by expression values
of untreated controls from Delta-2D quantities. The isoluminant divergent colour
gradient encodes expression changes: white coloured tiles show expressions, which
correspond a fold change of ‘1’. Blue shaded tiles represent proteins with negative fold
change (lower expression in ENTplas treated samples in comparison to the untreated
controls) and shades of orange represent proteins with higher fold change than ‘I’.
Saturation of blue and orange is reached at an expression rate five times higher or
lower than the corresponding control. The six different time points 0 h, 0.5 h, 1 h, 24 h,
48 h and 72 h are displayed.




Appendix

8. Movie S-2 (see DVD)

Timeline of resulting Voronoi Treemaps for ENTplas treated vs. untreated S9
epithelial cells. Identified proteins were assorted into individualised KEGG-BRITE
hierarchy. The “oxidative stress” section was excerpted and is presented exclusively.
Every tile in that structural hierarchy, representing one identified protein, was coloured
by logarithmised, normalized expression values (% volume, normalized by the specific
Cy-2-standard) of ENTplas treated samples divided by expression values of untreated
controls from Delta-2D quantities. The isoluminant divergent colour gradient encodes
expression changes: white coloured tiles show expressions, which correspond a fold
change of ‘1’. Blue shaded tiles represent proteins with negative fold change (lower
expression in ENTplas treated samples in comparison to the untreated controls) and
shades of orange represent proteins with higher fold change than ‘1’. Saturation of blue
and orange is reached at an expression rate five times higher or lower than the
corresponding control. The six different time points 0 h, 0.5 h, 1 h, 24 h, 48 h and 72 h
are displayed.
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