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PROTEOMIC ANALYSIS OF FETAL RAT NEURAL STEM CELLS AFTER TREATMENT
WITH Hericium erinaceus

Abstract

By Bright A. Test
University of the Pacific
2020

The fungus, Hericium erinaceus, has outstanding chemical properties, displaying health
benefits in digestive, hepatic, and nervous tissues. Its ease of accessibility and use makes it one
of the most common substances used for treatment in Eastern medicine. More and more recent
research is confirming the incredible health benefits of this fungus, especially the impact that is
seen on nervous tissue growth and recovery post-treatment. Such neurite outgrowth and myelin
sheath regeneration could illustrate the beginning of the cure to lifelong neurodegenerative
diseases such as Multiple Sclerosis. In this first-of-its-kind study, we cultured and differentiated
fetal rat neural stem cells while treating the samples with varying concentrations of aqueous
extract of Hericium erinaceus mycelium. The cells were then harvested and lysed at various
time points as the proteins were isolated and purified prior to analysis by LC-ESI mass
spectrometry. A proteomic analysis was conducted where statistically significant changes in
protein expression were observed between the control groups and the treated trials of both time
points. While our initial targets of interest were not found, an up to 4-fold increase in protein
expression was seen in a group of Histone H1 variants following treatment with Hericium
erinaceus. These Histone H1 variants are known to be linker histones which interact with the

core histone bead and play a role in chromatin remodeling. It is clear that Hericium erinaceus



plays a role in increasing the protein expression of Histone H1 variants which could lead to
downstream effects yet to be revealed. This exploratory research should serve as a helpful
launching point for those determined to understand the underlying mechanisms behind this

phenomenon and the results it may have on the nervous system.
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CHAPTER 1: INTRODUCTION

The nervous system is arguably the most complex biological system in our body. There
are many different types of cells and molecules that play vital roles in maintaining the health and
wellbeing of the system. In vertebrates, the nervous system is divided into two categories: the
central nervous system (CNS) and peripheral nervous system (PNS). The CNS is composed of
the brain and spinal cord, whereas the PNS consists of the peripheral nerves and ganglia that
stem from the brain and spinal cord. There are two different cell categories in the nervous
system, which include neurons and neuroglia (glia). Neurons are the nerve cells that send
electrical signals, known as action potentials, throughout the human body which control muscle
cell contraction and relaxation. Glial cells are supporting cells that play auxiliary roles and keep
the overall environment healthy and proper for the neurons. Neurons can also be supported by
neuropeptides known as neurotrophic factors. There are many neurotrophic factors that are
involved in the regulation of growth, maintenance, proliferation, and survival of nerve cells, but
the most common one that supports the growth of certain target neurons is known as nerve
growth factor (NGF). NGF plays a crucial role in a lot of nervous tissue development and is a
subject of interest in many studies. After many years of research, various protein markers have
been visualized and have been used to determine the developmental state of nervous tissue.
During development, all nervous tissue begins as neural stem cells which then differentiate into a
variety of different neuronal cell types. Nestin is the most widely known of these protein
markers and is mostly only found in undifferentiated neural stem cells. Other markers include
neuron-specific enolase and fibrillary acidic protein, which is commonly observed inside glia.

These markers are typically visualized during the quantitative analysis stages of research!®.
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While there are multiple kinds of neurons and glial cells, oligodendrocytes are the largest glial
cells and play an irreplaceable role. Oligodendrocytes are glial cells in the central nervous
system that generate myelin, an important sheath that is responsible for enveloping neurons and
ensuring proper action potential propagation. They are aligned in rows between the nerve fibers
of white matter and are close to the somata of neurons in gray matter. The cytoplasmic processes
of oligodendrocytes typically extend to multiple axons at once and wrap themselves around the
length of the axon until multiple lamellas are formed. These cells and the myelin they generate
are presumed to be majorly affected in patients suffering from Multiple Sclerosis (MS).
Overview of Multiple Sclerosis

There are many neurological diseases in today’s world that are currently not curable, one
of which is Multiple Sclerosis. MS is a demyelinating disorder in which the immune cells
invade the CNS to remove myelin debris, but overdo it and cause neuron and oligodendrocyte
death which leads to physical, mental, and psychiatric impairment problems'. White matter
infiltration by our nervous system’s immune cells is the focal point of the pathology of MS'”.
The immune cells most responsible for the inflammatory processes that occur during the onset
and progression of MS are CD4-positive T lymphocytes; however, monocytes, macrophages,
neutrophils, and B lymphocytes are also involved. While it was previously thought that the
human brain does not change much after the first stages of development, it is now common to
come across research showing the brain demonstrating structural and functional plasticity
throughout the course of human life. This brain plasticity is affected when these infiltrating
immune cells secrete various factors that control and regulate neuronal function and signal
formation in neuronal synapses'®. While Multiple Sclerosis is not an inherently deadly disease,

patients suffering from MS typically have a reduced life expectancy. Initially, non-durable
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remyelination occurs which typically leads to neurological function recovery in the short-term.
As time progresses, however, the pathological changes become dominated by widespread
microglial activation associated with extensive and chronic neurodegeneration, the clinical
correlate being progressive accumulation of disability'®. Paraclinical investigations show
abnormalities that indicate the distribution of inflammatory lesions and axonal loss, interference
of conduction in previously myelinated pathways, and intrathecal synthesis of oligoclonal
antibody'. Cellular and secretory activity of infiltrating leukocytes contributes to the creation of
these inflammatory demyelinated lesions in the white matter of the brain. The gray matter of
patients with MS is also affected, leading to motor, sensory, visual, and cognitive impairment
with the ability to memorize and learn being severely impacted'®. MS is a chronic condition that
cycles between relapses and remissions. The remission periods can last up to years, but
symptoms flare up again eventually. Multiple Sclerosis is sometimes more specifically referred
to as Relapsing-remitting MS because of this.

The current immunotherapies inhibit further demyelination, but do not act to enhance
remyelination'. Licensed disease-modifying agents reduce the frequency of new episodes but do
not reverse fixed deficits and have questionable effects on the long-term accumulation of
disability and disease progression'’. These treatments are also very expensive. The cost-
effectiveness of a few disease-modifying drugs from a US societal perspective was analyzed and
the results illustrated that dimethyl fumarate was the most preferred therapy to manage relapsing-
remitting multiple sclerosis®. In 2014, the average annual medication cost of dimethyl fumarate
was about $47,718!®. Between 2011 and 2015, the annual disease-modifying therapy (DMT)
cost per MS patient increased from $26,772 to $43,606, a 13.0% average annual growth rate'®.

When comparing DMT users to non-DMT users, the annual health care cost per DMT user was
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74% higher in 2011 ($50,352 vs $28,881), increasing to more than double in 2015 ($70,683 vs
$29,821)!6. In the United States, the prevalence of MS has been presumed to be approximately
100/100,000 people®. Baldassari et al. describes in great length the therapeutic strategies being
developed to promote myelin repair?>. Almost all cells in the nervous system are potential
targets as drug manufacturers try to modulate cellular activity and environment to promote
myelination and to inhibit demyelination. There have been several laboratories that identified
compounds which promote endogenous oligodendrocyte progenitor cell (OPC) function.
Mesenchymal stem cell transplantation, high-dose biotin treatment, and protein pathway
blocking are treatment methods that have been tested and are currently being explored some
more due to the difficulty of successful implementation and monitoring in vivo. Other drugs
such as dopamine antagonists, atypical antipsychotics, thyroid hormone inducers, and
testosterone stimulators are also currently being investigated in clinical trials for remyelination
potential in MS. Baldassari’s group also describes multiple methods of screening and assessing
myelin integrity: positron emission tomography, magnetization transfer imaging, myelin water
imaging, and diffusion tensor imaging. There are also indirect ways of measuring myelin
integrity: neurite orientation dispersion and density imaging, functional MRI, and magnetic
resonance spectroscopy. These forms of measurement will become more accurate as the field
focuses more on repairing myelin instead of simply trying to halt demyelination, but as of right
now, the major difficulties involve lack of accurate biomarkers and lack of specificity when
tracking affected myelin. It is important to fully understand the mechanism of action of
remyelinating agents and their long-term safety and reliability before applying such advances to

clinical care®?.
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Chemical Properties and Effects of Hericium erinaceus

There may be a cheaper and more effective alternative on the horizon hiding inside a
fungus. Hericium erinaceus (HE), also known as Lion’s Mane, is a medicinal mushroom that
contains neurotrophic and neuroprotective properties and has been widely consumed in Asian
countries such as China and Japan*. The first account of this mushroom being consumed dates
back to 264 A.D. on Taiwan Island where the natives ate houtougeng (translated to monkey head
thick soup) and considered the soup to be beneficial in neutralizing the ill-effects of alcoholic
beverages®. This mushroom is widely found in Asia, Europe, and northern temperate latitudes
where beech and oak trees grow®. Even with modern technology and transportation methods,
there is an unfortunate lack of H. erinaceus consumption and utilization in North America. The
American species, H. americanum is also not commonly consumed.

As any fungus, HE is composed of mycelium and fruiting bodies. The powder of this
crushed mushroom must be boiled in hot water to successfully extract the active compounds
responsible for the health benefits experienced when consumed. These active compounds come
in many forms including hericenones, erinacines, and polysaccharides, to name a few.
Hericenones are a group of aromatic compounds that have previously been found in the fruiting
bodies of HE. There were multiple aromatic compounds in this category that were isolated and
purified by multiple researchers and the studies also revealed some anticancer properties tied to
these compounds?®!. Hericinones, however, failed to stimulate NGF gene expression in primary
cultured rat astroglial cells and 1231N1 human astrocytoma cells*>. Li et al. describes erinacines
as groups of cyathin diterpenoids that show biological activities as stimulators of NGF
synthesis?*. To date, 15 erinacines (erinacines A-K and P-S) have been identified and further

investigations have demonstrated that eight of them have various neuroprotective properties,
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such as enhancing NGF release (erinacines A-I), reducing amyloid-f deposition, increasing
insulin-degrading enzyme (IDE) expression (erinacines A and S), or managing neuropathic pain
(erinacine E), while others are either being currently discovered or have different
pharmacological activities®*. Li’s group concludes by stating that erinacine A is effective in
reducing neurodegenerative disease-induced cell death, but because there have been no studies
illustrating erinacine A’s crossing of the blood-brain barrier, it is hard to say how effective this
compound will prove to be when consumed orally. Beneficial polysaccharides have also been
discovered and analyzed. A polysaccharide EP-1 isolated from HE mycelia culture
demonstrated antioxidant activity and prevented oxidative stress induced by H>O> through
mitochondrial dependent apoptotic pathways in gastric mucosa epithelial cells®®. A
heteropolysaccharide (HEP-S) was isolated from the fruiting bodies of Hericium erinaceus and
was observed to function as an immunostimulator to stimulate both the innate and adaptive
immune responses in mouse cells.

H. erinaceus has been reported to illustrate incredible health benefits for the body’s
digestive, immune, circulatory, and nervous systems. Helicobacter pylori is a bacteria found in
the stomach and is the main pathogenic factor of chronic gastritis, peptic ulcers, and
adenocarcinoma of the distal stomach’, but its growth can be inhibited by using ethanol extracts
and ethyl acetate fractions of HE®. The exopolymer produced in submerged mycelial culture of
HE has been shown to significantly reduce the plasma triglyceride, total cholesterol, low-density
lipoprotein cholesterol, phospholipid, and liver total cholesterol level in rats, implying that it has
hypolipidemic effects’!?. There is a plethora of benefits to the nervous system such as, but not
limited to, peroneal nerve recovery after crush injury'!, coordination of neuron functions

associated with complex neurodegenerative diseases®, and enhanced myelination in mature
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myelinating fibers'?. Another study has also found that HE can activate the synthesis of nerve
growth factor (NGF)!3. The stimulation of this neurotrophic factor can be beneficial in
increasing the neurite outgrowth in a nervous system trying to combat a neurodegenerative
disease. Most importantly and according to a study cited by many, aqueous extract of this
mushroom has been shown to improve and expedite the process of myelination in nerve cells'*,
This commonly cited study by Kolotushkina et. al. examined the effects of applying H. erinaceus
extract to cultures of newborn WISTAR rat cerebellums. When this group added the extract to
their cells, they noticed no drastic changes in the development of nerve and glial cells, but the
number of lamellae in the myelin sheaths did increase at a faster rate during development than
untreated groups!®. This activity, in theory, can directly counter the demyelination of nerves as
seen in patients with Multiple Sclerosis. There are not many studies that cover this subject
which make it difficult to find other studies that concur with the findings of this one. To our
knowledge, there were no studies completed beforehand analyzing the proteomic contents of
nerve cells in vitro being treated with Hericium erinaceus. Proteome analysis of the mushroom
itself was conducted recently where mass spectrometry was used to identify a total of 2543
unique proteins in the H. erinaceus genome?®. We can use the information from this study to
help in our proteomic analysis, but the change in protein levels of rat fetal neural cells after
treatment of H. erinaceus remains to be analyzed for the first time. Therefore, analyzing the
proteomic contents of these neural cells treated with this mushroom can lead to uncovering more

details about the proteins involved in the aforementioned myelinating process.
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Proteomics

Proteomics is the large-scale study of proteins and requires the use of a variety of
techniques stemming from fields such as molecular biology, biochemistry, and genetics. One
vital technique, known as mass spectrometry, is utilized when analyzing a large amount of
proteins at once. After isolating, purifying, and breaking down the proteins of interest into
smaller peptides, the sample is fed into a mass spectrometer where the now-accessible peptides
are charged and turned into precursor ions through techniques like Electrospray ionization (ESI).
Mass spectrometry is used to measure the mass-to-charge ratio of these ions that are pulled
through the mass spectrometer machine by an oppositely charged current. These are measured
by a mass analyzer to generate what is known as a MS1 spectrum. As the ions are analyzed,
certain ones are pulled through the machine where they collide with inert gas and fragment into
charged amino acids through a process called Higher-energy Collisional Dissociation (HCD).
These fragments are analyzed a second time by either a different mass analyzer or the same one
from before, generating a MS2 spectrum which we can further investigate using specific
computer software. This information allows investigators to see exactly what peptides were
recognized by the mass spectrometry, making it possible to match discovered peptides to large
databases in an effort to map back to proteins of interest. The parameters for which precursor
ions are sent to further dissociate are set on the machine’s software before the run begins. The
machine we used for our studies is known as the Thermo Scientific™ Orbitrap Fusion™
Tribrid™ mass spectrometer. This machine’s mode of function and interior is further explained

in a thorough paper published by Hebert and colleagues?’.
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Purpose and Goal

This study aimed to analyze the proteome of neural stem cells after H. erinaceus extract
treatment. The primary objective was to explore whether treatment of neuronal stem cells with
H. erinaceus extract resulted in changes in gene expression profiles for proteins involved in the
myelination synthesis pathway. In our studies, we demonstrated that treatment of rat neuronal
stem cells with H. erinaceus extract did not upregulate the expression of myelin basic protein or
myelin expression factor 2, two known markers associated with myelin biosynthesis. However,
they did reveal increased expression of histone 1 variants, suggesting treatment of neuronal stem
cells with H. erinaceus extract leads to alteration in chromatin remodeling and gene silencing,

which may suggest associations with controlling the neuronal differentiation program.
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CHAPTER 2: MATERIALS AND METHODS

Neural Stem Cell Differentiation and Sample Preparation

Rat Fetal Neural Stem Cells (Invitrogen™ N744-100) were expanded using T75 flasks.
The T75 flasks were coated with a matrix consisting of CELLStart™ (Gibco™ A10142001)
diluted 1:100 in D-PBS with calcium and magnesium. 560 mL of this matrix was made in total.
14 mL of this matrix was used to coat each flask which were then incubated at 37°C in a
humidified atmosphere of 5% COz in air for 1 hour before being stored until use. Two different
solutions were made: one for expanding the cells and one for differentiating the cells. Cells were
passaged using StemPro® NSC SFM complete medium consisted of KnockOut™ D-MEM/F-12
with StemPro® NSC SFM Supplement, EGF, bFGF, and GlutaMAX™L-I (all from Gibco™ and
ThermoFisher). A mixture of penicillin and streptomycin was added to prevent bacterial and
fungal contamination. See Table 1 for the breakdown of concentrations. The same medium
lacking EGF and bFGF was used to differentiate the cells at P2. The volume remained
unchanged after removing these small amounts of growth factor. To begin with, 4 of the
previously matrix-primed T75 flasks were coated with cells and 20 mL of complete medium in
each. Each flask contained about 5 x 10° cells at this point. After letting the cells grow for 24
hours, the complete media was siphoned and replaced with fresh complete media to minimize the
accumulation of cellular debris. The cells expanded for a total of 3 days in Passage 0. Photos
were taken every day for three days using light microscopy (Leica DMI3000 B). After three
days, two of the four T75 flasks were further expanded while the other two flasks were frozen
and stored in liquid nitrogen. Cells were passaged according to the manufacturer’s instructions,

except for the centrifugation step where 400 % g was used instead of 300 x g (MANO0001642).
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The cells were then distributed evenly and plated into 8 T75 flasks to begin P1. The same
procedure was followed and progress was recorded every day by light microscopy. The P1 cells
were allowed to approach confluency (2 days of growth) and these cells were split (P2). P2 cells
were split into smaller I00mm X 20mm plates and these cells were used as separate trials during
the analysis. 6 mL of complete medium was used per plate which contained about 0.8 mL of
cells. Cells were expanded for 3 days while progress was recorded. Three plates were harvested
prior to the addition of the differentiation media. These cells belonged to an undifferentiated
neural stem cell group of trials. The rest of the plates underwent an exchange of media where
the complete medium was exchanged for one lacking EGF and bFGF (other concentrations
remained the same as these small amounts did not affect volume significantly). Different
versions of the incomplete medium were made containing different concentrations of dissolved
H. erinaceus mycelia (supplied by Real Mushrooms) to be used for the cultivation of the trials.
The mushroom powder was weighed out and dissolved in the media lacking the growth factors.
The amounts used and concentrations generated are listed in Table 2. All proportions remained
the same. Every remaining plate was coated with 10 mL of the differentiation medium. The
remaining plates were grouped into different trials with different timepoints. Three replicates of
the negative control, low concentration, medium concentration, and high concentration groups
were harvested after 3 days of differentiation. At this time, the media was exchanged for media
containing the mushroom extract. 5 mL was siphoned off to prevent the cells from being
exposed to air and 10 mL of fresh differentiation media was added. The remaining three
replicates of each group were harvested after 7 days of differentiation. Light microscopy was
used to record the progress of cell differentiation. All cells were harvested and washed using the

same procedure per plate. 7 mL of media was transferred to a conical tube using a sterile pipette
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and cells were washed with 5 mL of D-PBS lacking Ca?" and Mg?". The D-PBS was aspirated
off and 1 mL of accutase was added to each plate. Cells were rinsed with 4 mL of matching
media which was then transferred to the same conical tube. Cells were centrifuged at 400 x g for
4 minutes and the supernatant was discarded. The pellet was resuspended with 1 mL of cold D-
PBS and spun again. This step was repeated once more and the resulting supernatant was
removed. The cell pellet was frozen at -80°C. All cell subculturing protocols were carried out

aseptically under a Laminar flow hood.

F(Ffill)oi;olnent Distribution for 100 mL StemPro® NSC SFM Complete Medium

Component Concentration Amount

KnockOut™ D-MEM/F-12 1X 97 mL
GlutaMAX™.T Supplement 2 mM 1 mL

bFGF 20 ng/mL 2 ug

EGF 20 ng/mL 2 ug

StemPro® NSC SFM Supplement 2% 2mL
Penicillin + Streptomycin 0.5% 0.5 mL

Note. Table adapted from Invitrogen™ manual MAN0001642.
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Table 2
Concentrations of H. erinaceus in 125 mL StemPro® NSC SFM Incomplete Medium
H. erinaceus Trial Name Concentration Amount
Low 0.1 mg/mL 12.5 mg
Medium 0.25 mg/mL 31.25 mg
High 0.5 mg/mL 62.5 mg

Peptide Purification

In-solution tryptic digestion was performed to prepare samples for mass spectrometer
analysis. A total of 200 uL of 6 M urea/100 mM Tris buffer (pH 7.8) was used to lyse the cells.
Sonication was also conducted as an additional measure to ensure complete cell lysis. To help
denature proteins, 5 pL of reducing reagent, 200 mM DTT, was added and the sample was mixed
by gentle vortex. After letting sit for 10 minutes in room temperature, 20 pL of alkylating
reagent, 200 mM [AA, was mixed into the tube and vortexed. After another 10 minutes, 20 pL
of 200 mM DTT was mixed in and allowed to sit for 10 minutes at room temperature. 775 uL of
sterile MilliQ water was added to each sample to dilute the urea concentration and create an
environment where trypsin can retain its activity. Initially, 3 pL of Trypsin Gold Solution (0.5
mg/mL) was added and the digestion was carried out overnight at 37°C. The next day, another
1.5 pL of Trypsin was added and allowed to digest for another 2 hours. The reaction was then
stopped by adding 5.125 uL of 10% TFA.

Pierce™ C18 Spin Columns (Thermo Scientific™ No. 89873) were used to purify the
samples. The columns were activated with 50% ACN, equilibrated with 5% ACN + 0.5% TFA
solution, and used according to the manufacturer’s instructions. About 1 mL of sample was

bound, washed, and eluted. 20 puL of elution buffer was run through the columns twice to
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guarantee a thorough product. This resulted in a 40 uL solution that would be stored and later
used for analysis.
Colorimetric Peptide Assay and Normalization

Eighteen samples were analyzed by use of the Pierce Quantitative Colorimetric Peptide
Assay (Thermo Scientific™ No. 23275). Prior to this analysis, these samples were lyophilized
and then resuspended with 15 pL of 5% ACN + HPLC grade water + 0.1% Formic Acid
solution. All reagents were made as per the manufacturer’s instructions and the protocol was
followed stringently. 2 pL of each sample was mixed with 18 puL of autoclaved water before
being mixed with the 180 uL of working reagent. After running the software analysis, some
discrepancies were visible between the biological replicates. In order to maximize the amount of
peptide binding to the mass spectrometer analytical column, the biological replicates with the
higher peptide concentration were selected. These samples were normalized with HPLC grade
water + 0.1% Formic Acid to match the limiting concentration of one of the samples (the control
for Day 3). The concentrations and samples selected are illustrated in Table 3. After
randomizing the order in which they would be processed, the samples were inserted into the
mass spectrometer to begin the proteomic analysis. Every sample was injected twice at a volume
of 25 pL per injection, creating technical replicates. The second injections were treated as

separate samples when it came to randomizing the order.
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gzgfrjed Initial Concentrations of Chosen Samples and Post-Normalization Values
Sample | Initial Concentration | Concentration Volume of Volume of Water
(ng/mL) Needed (ng/mL) | Sample (nL) Mixture (nL)

3C2 174.495 1.74495 10 40
7L1 200.901 1.74495 8.68 41.32
7H2 213.293 1.74495 8.18 41.82
3M2 236.433 1.74495 7.38 42.62
NSC2 250.005 1.74495 6.98 43.02
™1 262.165 1.74495 6.65 43.35
3L2 324.988 1.74495 5.37 44.63
7C1 365.978 1.74495 4.77 45.23
3H1 438.012 1.74495 3.98 46.02
HeLa 155.022 - 20 80

Note. Samples are notated by the format of [Trial Day][Trial Group][Replicate Number]. For
example, 3C2 is Day 3 Control no. 2. NSC2 refers to the undifferentiated Nerve Stem Cells
sample used. HeLa cells were included to check for consistency during the Mass Spectrometry
run every 24 hours. Water mixture consists of HPLC grade water + 0.1% Formic Acid. All
samples except for the HeLa cells were injected twice (25 pL per injection). The HeLa cells were
injected four times with the same amount of protein per injection.
Proteomic Analysis

Peptides were eluted from the C18 column and subject to electrospray ionization and the
samples were analyzed using our Thermo Scientific™ Orbitrap Fusion™ Tribrid™ mass
spectrometer. Individual samples were subject to approximately a 2 hr chromatographic run
using a previously established X-calibur program. The entire running time on the mass
spectrometer was about 72 hours. A sample of HeLa cells was injected every 24 hours to

confirm spray stability of the needle during the run. The total volume of HeLa cells was divided

into four injections for a total of 25 pL per injection. Once completed, chromatography graphs,
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MS and MS/MS data were generated. Data were further analyzed through quantitative analytical
software, such as Peaks Studio and Protein Scaffold 4.
RT-qPCR Analysis

In order to complete reverse transcription and quantitative polymerase chain reaction
analysis (RT-qPCR), total RNA was isolated, washed, and solubilized. A standard Trizol RNA
isolation procedure was done according to Invitrogen’s manual (Pub.No. MANO0001271 B.0).
All samples were lysed with Trizol containing 60 pL of 100% chloroform and centrifuged to
generate separate phases within tubes. Each sample’s aqueous phase was transferred to a new
tube and precipitated using 150 uL of 100% isopropanol along with centrifugation at 4°C. The
gel-like pellets that resulted were then washed three times 3 with 300 uL of 70% ethanol. After
vacuum-drying the pellets for about 20 minutes, the pellets were resuspended in 20 pL of
RNase-free water. The RNA yield for each sample was determined by use of the
ThermoScientific™ NanoDrop 2000c Spectrophotometer and the appropriate absorbance values
were recorded.

The purified RNA was then prepared for RT-qPCR analysis by mixing with the proper
reagents from the PowerUp™ SYBR™ Green Master Mix (Applied Biosystems™). The RNA
was first diluted to a concentration of 12.5 ng/uL.. Then, the following mixture was produced: 4
pL of 12.5 ng/uL RNA; 10 pL of 2x SYBR green dye; 0.2 pL QN SYBR green Reverse
Transcriptase mix; 1 pL of 20x primer mix; 4.8 uL RNase free water. Samples were analyzed
for each of the five primers and technical duplicates were also generated. Forward and reverse
primers were mixed (see Table 4) and checked for their ability to amplify their specific amplicon
beforehand using 2% agarose gel electrophoresis. A 96-well plate was used to load 18 pL of

each mixture and was then processed by the continuous fluorescence detector.
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Table 4
Primer Sequences for Histone HI Family
Histone Name | Forward 5’ to 3’ | Reverse 5’ to 3’ | Forward MT (°C) | Reverse MT (°C)
HI.1 gaagcctgecgaaaget | gaaactgcaggcettett 64 66
getgt £8gc
H1.2 gtcggaaactgctectg | ggettggectcgecag 68 70
ctge aagct
H1.3 ttgaaacatgtctgaaac | atgcggctgttgttcttc 68 64
agctcc tce
H1.4 aagaagaaggcccge | ccgecttettgttgagtt 68 62
aaggcc tga
HI1.5 aagaagaagacaaaaa | cttagccttgggcttgg 66 68
aagctggc cttc

Note. Melting Temperatures (MT) for both forward and reverse primers are shown. Primers are

shown as 5’ to 3°.
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CHAPTER 3: RESULTS

Neural Stem Cell Differentiation

Light microscopy was used to examine the process of growth and differentiation of the
nerve stem cells. Photos were taken every day in greyscale and monitored for healthy
progression. The Day 3 trial groups were compared to the Day 3 control and undifferentiated
stem cells at Passage 2 (Figure 1). A visible difference between the morphology of the stem
cells and the morphology of the differentiated cells was seen (Figure 1). The differentiated cells
in both the control group and the trials seemed to successfully form neural connections typically
seen in nervous tissue. The morphology of the cells from the trials did not seem to significantly
deviate from the control group, illustrating that the addition of the H. erinaceus extract did not

cause any significant changes to the physical appearance of the cells.
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Undifferentiated &%
Stem Cells

High Conc. Day 3
S

Figure 1. Comparison of morphology between undifferentiated stem cells and Day 3 Control
and treatment groups using light microscopy. The yellow measurement bar is set to 100 um for
reference. The treated groups and undifferentiated stem cells are portrayed in 200x
magnification while the Control group is portrayed in 100x magnification.

The same could not be said about the Day 7 group. In comparison to the Day 3 group,
the Day 7 group illustrated more solid groupings of nerve cells and glia with more distinct crater-
like low-density spaces in between the formations (Figure 2) illustrating a progression in
maturation. A uniquely dense cluster of cells, similar to controls, was found when analyzing the
Low Concentration trial for Day 7 as seen in Figure 2. When comparing the Day 7 trials, the
ones that were treated with the medium and high concentrations of H. erinaceus exhibited what
seemed to be less specific condensed grouping of cells which resulted in less crater-like low-

density space compared to the low concentration and control trials, and which appeared to mimic

the cells at Day 3 of treatment as opposed to untreated controls and low-dose treatments.
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Undifferentiated
Stem Cells

Control Day 7

Figure 2. Comparison o morphology beween udifferentiated stem cells nd Da 7 control and
treatment groups using light microscopy. The yellow measurement bar is set to 100 um for
reference. The treated groups and Control are portrayed in 100x magnification while the
undifferentiated stem cells are portrayed in 200x magnification.
Proteomic Analysis and Mass Spectrometry

Prior to use for proteomic analysis, the grown cells from all samples were washed with
D-PBS lacking Ca** and Mg?* and detached at their respective time points with acutase, followed
by cell lysis in urea. Following crude lysate collection and tryptic digestion, samples were
purified using C18 spin columns and checked for peptide concentration using Colorimetric
Peptide Assay. The initial concentrations were recorded (Table 3). After normalizing the
concentrations to the baseline concentration of sample 3C2, samples were inserted into the mass
spectrometer and analyzed over a 4 day period. Each individual sample was analyzed for about
2 hours. Chromatographic graphs were generated to illustrate the relative abundance of peptides

eluting off of the column at every point in time. Similarities between retention time and relative

abundance are best illustrated between the control and trial groups of the same day (Figure 3).
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There are certain notable differences in the graphs, but for the most part, there is not much
variation to be seen in the overall shape. This implies that the samples were handled and
processed properly with little error. For the Day 3 group, there was a peak missing in 3C at
roughly the 22.70 minute retention time that was visible in all the other trials in varying
abundances (Figure 3). The Day 7 control group seemed to differ from the Day 7 treatment
groups, most notably in the end of the chromatographic run around 91-94 minutes. There were a
couple of peaks showing more abundance in the treated groups compared to the control,
signifying that there may be proteins that are uniquely expressed and representative peptides are
eluted off the column at that point that are not found in the control group. It may also be the case
that those same peptides might have simply been eluted at a different point in a spread out way.
This is unlikely, however, since by looking at the overall curve of the 7C graph, it is hard to spot
where these peaks could have shifted to. Overall, these figures confirm our assertion that the
samples analyzed display similar quantities of peptides, allowing us to carry on with further

analysis using additional software.
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Redatn Asndnon

Figure 3. Raw chromatography files from the Thermo Scientific™ Orbitrap Fusion™ Tribrid™
mass spectrometer after completing the sample processing. These graphs compare the relative
abundance of peptide (y-axis) to the retention time (x-axis). A: Day 3 Group color-coded and
labeled. B: Day 7 Group color-coded and labeled. Note the difference in order from top to
bottom between A and B.
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Quantitative Proteomic Analysis

Mass spectrometry data were analyzed using Protein Scaffold (Proteome Software, Inc.™
), a software algorithm designed for quantitative proteomics. Within this software algorithm,
MS/MS spectra were tallied up and normalized in preparation for quantitative comparison and
analysis. Protein sequences, statistical correlation, and probability percentages were illustrated
among many other useful metrics. Prior to optimization, a total of 365,537 spectra were obtained
from the combined 8 sets of data (Day 3 Control, Day 7 Control, Day 3 Low, Day 3 Medium,
Day 3 High, Day 7 Low, Day 7 Medium, Day 7 High). The protein threshold value, minimum
number of peptides value, and peptide threshold value were modified. As the software conducts
the internal statistical analysis, it checks for the probability of a protein or peptide actually
existing in the sample according to the registered and recognized spectra. The protein and
peptide thresholds are in reference to these probabilities. For our analysis, protein and peptide
thresholds were set to 95%, indicating that Scaffold would only display proteins and peptides
that the algorithm calculated of having at least a 95% probability of being present in the samples.
The minimum number of unique peptides used for protein identification was set to 2, which is
commonly accepted by the proteomic community to confirm the presence of proteins. These
parameters narrowed the results and allowed for a more stringent and accurate observation of
proteins that were most likely to be “real”. These parameters also minimized the false discovery
rate and dramatically lowered the chances of encountering false positives in the data. After
setting such parameters, there were a total of 648 unique proteins and 21,602 spectra found when
comparing the Day 3 Control to the Day 3 Trial groups. A statistical two-tailed T-test was
conducted and found that 61 of these proteins were statistically significant with a p-value of less

than 0.05. Of these 61 proteins, 26 were expressed in higher quantities, up to a 4-fold difference,
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in the Day 3 Control compared to the trials. The rest of the 35 proteins were expressed in lower
quantities, up to a 4-fold difference, in the Day 3 Control compared to the trials (Appendix A).
The same statistical analysis was conducted for the Day 7 groups where a total of 1042 unique
proteins and 37,541 spectra were found following analysis using the same parameters. After
finding 193 statistically significant proteins, 64 of them were expressed in higher amounts, up to
a 4-fold difference, in the Day 7 Control compared to the trials. The other 129 proteins were
expressed in lower quantities, up to a 4-fold difference, in the Day 7 Control compared to the
trials (Appendix B). A final statistical analysis, ANOVA (p-value < 0.05), was conducted to
illustrate significant variance between all three groups of trials (Controls vs Day 3 trials vs Day 7
trials). A total of 129 unique proteins across all samples were found to be statistically significant
according to this analysis with respect to changes in protein expression (Appendix C). Of these
proteins, 36 were unanimously expressed in higher amounts, up to a 4-fold difference, in the Day
3 and Day 7 trials when compared to the Control groups. On the other hand, 17 proteins were
expressed in lower amounts, up to a 4-fold difference, in the Day 3 and Day 7 trials when
compared to the Control groups. These proteins were researched one-by-one to find any
correlation to previous studies about H. erinaceus or Multiple Sclerosis. While there were no
statistically significant proteins found that have a direct role in either of these subjects, there was
a profound change seen in the expression of certain histones between the control groups and the
trial groups. There were multiple notable histones such as H2A, H1.1, H1.2, H1.3, H1.4, and
H1.5. Most of these histones were variants of the HI family. Differences in expression are
visualized in Figure 4 where there was at least a 4-fold difference in normalized spectral counts
between the control and trial groups. The largest differences are visualized in Figures 4B, 4C,

and 4D. Simultaneously, the undifferentiated cells were compared to the controls to confirm that
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differentiation was successful on a genotypic level. Nestin, a protein expressed at high levels in
neural stem cells and a widely employed marker®®, was shown to be expressed less in the

differentiated controls as illustrated in Figure 5.



Normalized Total Spectra

Normalized Total Spectra

38

Histone H2A type 1-C OS=Rattus norvegicus 0X=10116 PE=1 SV=2

80
70
60
50
40
30
20
10
[s]
& £ o ) &

& S Iy
BioSample
[w Controls ® Day 3 Trials ® Day 7 Trials |
Histone H1.4 OS=Rattus norvegicus 0X=10116 GN=H1-4 PE=1 SV=3
250
225
200
175
150
125
100
75
50
25
0 B
& & 2 o e PS S $

BioSample

|l Controls ™ Day 3 Trials m Day 7 Trialsl




(Figure 4 Continued)

C

Normalized Total Spectra

Normalized Total Spectra

200

175

150

125

100

5

25

140
130
120
110
100

B0

883

30

10

Histone cluster 1 H1 family member d OS=Rattus norvegicus 0X=10116 GN=Hist1h1d PE=1 SV=2

39

= | | I
& 8 o # &

& & kS
BioSample
|l Controls ™ Day 3 Trials m Day 7 Trialsl
Histone H1.5 O0S=Rattus norvegicus 0X=10116 GN=H1-5 PE=1 SV=1
& & £ o 2 ¢ & $

BioSample

|l Controls ™ Day 3 Trials m Day 7 Trialsl




40

(Figure 4 Continued)
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Figure 4. Normalized total spectra vs biosample. These graphs were exported as raw data from
Protein Scaffold. The raw number of Total Spectra is not as important as the comparison in
values and changes between the groups of samples. All histones significantly increased in
expression when treated with H. erinaceus, regardless of elapsed days. A: histone H2A Type 1-
C. B: histone H1.4. C: histone cluster 1 H1 family member d (histone H1.3). D: histone H1.5.
E: histone H1.1. F: histone cluster 1 H1 family member ¢ (histone H1.2).




41

Nestin OS=Rattus norvegicus 0X=10116 GN=Nes PE=1 SV=1

120
110
100
90
80
70
60
50
40
30
20

Normalized Total Spectra

~ ~ <
£ O 2
=
£ &
S S
& &
BioSample

Il Control ™ Stem Cel|s|
Figure 5. Normalized total spectra of nestin in controls vs nerve stem cells. The lower amount
of spectral counts in the controls implies that less of the marker protein is expressed in these
samples. Based on this evidence, differentiation did successfully occur.

The Protein Scaffold software also generated scatterplots after the ANOVA test was conducted
(Figure 6). The control group (Day 3 Control and Day 7 Control) was compared to the Day 3
trials separately from the Day 7 trials. Both graphs illustrated a similar pattern when comparing
averaged normalized total spectra. This demonstrated that there was little variation in the trials
due to the different time points. As a result, however; there was a clear significant difference

shown between the controls and the trials.
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Controls vs. Day 3 Trials Scatterplot (ANOVA Test, p < 0.05, No Correction)
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Figure 6. ANOVA test results of histones in controls vs trials. The highlighted green box in
both A and B refer to histone H1.4 simply for reference. The numbers on both axes represent
Total Normalized Spectra as an average in those groups. The green boxes represent a protein
that significantly shows more normalized spectra in a trial group than a control group and vice-
versa. In this case, the six green boxes refer to the histones in Figure 4.

The amino acid sequences of these proteins were also examined to see if there were any
substantial differences in the order of amino acids that could further explain the specific function
of these histone variants. As illustrated in Figure 7, all of the six examined histone variants were
rich in both arginine and lysine with minor variation in overall charge. This was to be expected,
as histones must use an overall positive charge to tightly bind to DNA when condensing it into

chromatin.
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POC169 (100%), 14,106.0 Da
Histane H2A type 1-C OS=Rattus norvegicus OX=10116 PE=1 SV=2
8 exclusive unigue peptides, 12 exclusive unique spectra, 45 total spectra, 49/130 amino acids (38% coverage)

MSGRGKOGGK RAKAKSRSS RAGLQFPVGR VHRL Y AERVGAGAPRPV YLAAVLEYLT AEILELAGNA ARDMNKKTRII PRHLQLAIRN
DEELNKLLGR VTI|IAQGGVLP NIQAVLLPKK TESH [
P15865 (100%), 21,989.0 Da

Histone H1.4 OS=Rattus norvegicus OX=10116 GN=H14 PE=1 SV=3
7 exclusive unigue peptides, 11 exclusive unique spectra, 38 total spectra, 141/219 amino acids (64% coverage)

MseETAPAAPA APAPRAEKTPI KKKARKAAGG AKRKASGPPY SELITKAVAA SKERSGVSLA ALKKALAAAG YDVEKNNSRI KLGLKSLVSK
GTLVOTKGTG ASGSFKLNKK AASGEAKPKA KKAGAAKAKK PAGAAKKPKE ATGTATPKKS TKE PKKAKHK PAAAAGCGAKKA KSPKKAKATK
AKKAPKSPAK ARAVKPKAAK PHKTSKPKAAK PKKTAAKKE

MOR7B4 (100%), 22,235.0 Da

Histone cluster 1 H1 family member d O$=Rattus norvegicus 0X=10116 GN=Hist1h1d PE=1 §V=2

2 exclusive unique peptides, 2 exclusive unique spectra, 8 total spectra, 100/220 amino acids (45% coverage)

MSETAPAAPA APAPVEKTPV KKKAKKTSSA AGKRKASGPP VSELITKAVA ASKERSGVSL AALKKALAAA GYDVEKNNSR IKLGLKSLVS
KGILVATKGT GASGSFKLNK KASSGEAKPK AKKVGAAKAK KPAGSAKKPK KATGSATPRK TKKTPKKAKK PGATAGAKKY SKSPKKVKA
KPKKAAKSPA KAKAPKAKAT KPKASKPKAN KAKKAAPREKK

D3ZENO (100%), 22,650.4 Da

Histone H1.5 O§=Rattus norvegicus OX=10116 GN=H1-5 PE=1 SV=1

16 exclusive unique peptides, 23 exclusive unique spectra, 86 total spectra, 123/222 amine acids (55% coverage)

MSETAPAETT APAPVEKSPA KKKTKKAGAA KRKATGPPVS ELITKAVSAS KERGGVSLPA LKKALAAGGY DVEKNNSRIK LGLKSLVSKG
TLVOTKGTGA SCSFKLNKKY ASGEAKPKAK KTGAAKAKKP TCATPKKPKK TAGAKKTVKK TPKKAKKPA AGVKKVTKSEP KKAKAAAKPE
KATKSPARPK AV KASKPK V PKAAKPK AAKVKE /SK KK

D4A3KS (100%), 22,005.0 Da

Histone H1.1 OS=Rattus norvegicus OX=10116 GN=H1-1 PE=1 SV=1

5 exclusive unigue peptides, & exclusive unique spectra, 13 total spectra, 75/214 amino acids (35% coverage)

MSETAPVPQP ASVAPEKPAA TKKTRKPAKA AVPRKKPAGP SVSELIVOAY SSSHERSGVS LAALKKSLAA AGYDVEKNNS RIKLGLKSLV
NKGTLVATKG TGAAGSFKLN KKAESKASTT KVTVKAKASG AKKPKKTAG AAAKKTVKTP KPKKPAVSK KTSSKSPKKP KVVKAKKVAK
SPAKAKAVEKP HKAAKVEKVTKP KTPAKPKKAA PKEKK

AOAOGZKES4 (100%), 21,318.0 Da

Histone cluster 1 H1 family member ¢ OS=Rattus norvegicus OX=10118 GN=Hist1hic PE=1 SV=1

34 exclusive unique peptides, 52 exclusive unigue spectra, 252 total spectra, 156/212 amine acids (74% coverage)

MSETAPAAPA AAPPARAEKAPA KKKAAKKPAG MRRKASGPPV SELITHAVAA SKERSGVSLA ALKKALAAAG YDVEKNNSRI KLGLKSLVSK
GILVAQTKGTG ASGSFHKLNKK AASGEAKPKA KKAAAAKAKK PAGAAKKPKE ATGAATPKKA AKKTPKKAKK PAAAAVTKK AKSPKKAKVT
KAKKVHKSASK AVKPK KPK VAK AKKVAAK KK

Figure 7. Recognized peptide sequences matched with a proteome database and mapped back to
the histones of interest. The amino acids highlighted in yellow are confirmed to match by
available spectra data. All peptides from each protein were examined, but only the best-matched
peptide from each protein was chosen to be compared.

Since we selected a neural cell line based on previous studies of myelin sheath
regeneration being affected by H. erinaceus', it was useful to look for any proteins that could
correlate our results to these previous studies. In our analysis, only one myelin related protein
was found in every sample. This protein, known as Myelin expression factor 2, did not show any
significant variation (ANOVA) in expression between the control group, the Day 3 trials, and the
Day 7 trials (p-value = 0.34). The control for day 3 showed a drastically different result from the
control for day 7 whereas the other groups did not show much variance within their respective
groups. Based on this data, we cannot make any solid conclusions, but it was interesting to see
the decrease in normalized total spectra when going from the Day 3 group to the Day 7 group. If

it were true that Myelin expression factor 2 was being expressed less as time went on, then

expression levels of myelin basic protein (MBP) would increase. This is because Myelin
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expression factor 2 is a transcriptional repressor for MBP. MBP is one of the main components
of myelin sheath so seeing an increase in expression of this protein would illustrate an increase in

total myelination occurring. The normalized total spectra data is illustrated in Figure 8.
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Figure 8. Normalized total spectra of myelin expression factor 2 in the analyzed samples. This
data was not deemed statistically significant by the ANOVA test, but was still worth looking at
as it could present a lead for future studies.

Post-Translational Modifications

Post-translational modifications (PTMs) have always been a talking point when it comes
to histones. Since many different studies have addressed specific PTMs, it was important to
analyze the possible PTMs that were found in our samples to see if the affected charge and
structure in the peptide sequence would affect histone binding and function. Using a different
program now in the form of Peaks Studio X, we compared our samples using a similar algorithm.
In this software; however, we were capable of visualizing the proper PTMs at certain sites within
the amino acid sequences of each peptide. When comparing the controls to the trials, multiple

amino acid sequences were found to be linked with the histone peptides. Some of these
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sequences had PTMs that would occur more often than others. For example, when the five
Histone H1 variants were processed, four of them showed sequences that were acetylated at the
first serine in the amino acid chain (Figure 9). This does not mean that all of these peptides were
acetylated, but it does show that some were. Further comprehension of Figure 9 shows that there
were other modifications such as carbamylation and ubiquitination. There was little PTM
variation seen between the histones for the first 65 amino acids with Histone H1.1 and Histone
H1.5 being the most different. De novo peptides were fully matched and the confident
modification sites were shown with a minimal ion intensity of 5%. This means that a pair of
major fragment ions (b and y ions) must be found showing fragmentation before and after the

modified amino acid with at least the given minimum intensity of 5%.
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Figure 9. Amino acid sequences of the five variants of histone H1 with possible PTMs labeled
at certain sites. Not all copies of these peptides are modified, but there are some that were
modified in the samples. A: Histone H1.1. B: Histone cluster 1 family member C. C: Histone
cluster 1 family member D. D: Histone H1.4. E: Histone H1.5. Little variation is illustrated
between B, C, and D for the first 65 amino acids. Histone H1.1 and Histone H1.5 peptides were
capable of being modified a bit differently.
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RT-qPCR Analysis
Before the RT-qPCR analysis was conducted, the prepared RNA of every sample was
measured for purity by calculating absorbance values through use of the NanoDrop™ 2000c¢

Spectrophotometer (Thermo Scientific™). These values are illustrated below in Table 5.

Table 5
RNA Absorbance Values
Sample Concentration (ng/pL) A260/A280 A260/A230

C3 1.9282 1.78 2.21
L3 1.2177 1.75 2.25
M3 0.8436 1.78 2.24
H3 1.2680 1.86 2.08
C7 1.1582 1.80 2.23
L7 1.1262 1.81 2.20
M7 1.0629 1.81 2.09
H7 1.3195 1.84 2.01

Since the samples were confirmed to be pure enough by this data, the RT-qPCR analysis
carried on with the use of a continuous fluorescence detector. This machine generated curves
that illustrated the relative fluorescence as the cycles carried on. Forty cycles were completed
according to the standard PCR specifications listed in the user guide (MANOO13511). After the
curves were generated, a cycle time threshold of 0.180 was set to compare how quickly the
contents amplified between the different histone H1 variants. Most of the variants exhibited the
same basic trend where the curves of the treated groups would cross the threshold sooner than

the curves of the control groups for both time points. The (c)T values (cycle time values) were



typically lower for the treatment groups and a bit higher for the control groups, illustrating that
generally there was more histone H1 variant RNA in the cells post-treatment with H .erinaceus

as shown in Figure 10.

48
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(Figure 10 Continued)
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(Figure 10 Continued)
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Figure 10. The difference in cycle time compared across the histone H1 variants. The equation
is ACt = Cycle time of Trial - Cycle time of Control. The day 3 trials were compared to the day
3 control and the day 7 trials were compared to the day 7 control. The threshold of 0.180 was
crossed during the RT-qPCR analysis of each sample for every histone H1 variant. Both time
points are illustrated in each graph. The more negative differences indicate more initial RNA in
the sample for the depicted histone H1 variant as compared to the more positive differences
which indicate less. Similar trends are visualized across all histone H1 variants analyzed.
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CHAPTER 4: DISCUSSION

Neural Stem Cell Differentiation

Nervous tissue is notorious for being very delicate and although we performed every step
meticulously, there was always a chance for contamination or inefficient growth. We kept this in
mind as the results were processed. We initially wanted to treat the neural stem cells with larger
concentrations of H. erinaceus extract to rival studies published previously; however, this proved
to be difficult as the H. erinaceus extract powder failed to completely dissolve when added to the
incomplete medium. After decreasing the concentrations through multiple iterations, the
strongest concentration that could be completely dissolved in the medium (defined by no
particles visible) was set to 0.5 mg/mL. The other two weaker concentrations were chosen for
relative ease of calculation. After confirming that there were no particles to be seen in the
mixture following addition of the powder, the mixtures were poured over a microfilter as another
safety measure to ensure no contamination during the mixing process. Unfortunately, some of
the material that was filtered out of the solution seemed to be particles of H. erinaceus. We were
not able to measure the exact amount that did not pass through the microfilter and we did not
know how this would affect our results. We were unable to restart the procedure as the cells
were already in the process of growing and our supply of media was running low. It would have
been ideal to run this experiment once more using different conditions, but due to financial and
time restraints, we were limited to this path that we already started on. Despite this hiccup, we
decided to continue with the experiment as it was. When observing the morphology of the
differentiated cells under the electron microscope, little variation between the different

concentrations of treatment groups was seen within the same day of trials. The data analyzed
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during the later stages of the proteomic analysis reinforces the lack of variation except for when
it came to the dense clustering of the cells seen in the Low Day 7 trials. The medium and high
concentration counterparts did not exhibit such specific clustering and showed a broader
distribution of cells with less clusters. According to these signs, one would assume that these
higher concentrations are affecting the differentiation in an impactful way. However, even with
the unique clusters seen in the Low Day 7 trials, the proteomic data bolsters the fact that this
interesting morphology does not significantly impact the expression of proteins. It is unclear if
this is due to insufficient concentration of H. erinaceus affecting the cells or if more time has to
pass to visualize these differences more distinctly. It may also be possible that H. erinaceus has
no effect whatsoever on the morphology of the cells and that it may only affect gene and protein
expression unrelated to external physical appearance.
Normalization and Mass Spectrometry

Prior to running our samples through the mass spectrometer, we decided to lyophilize the
samples in order to increase the concentration of protein. This allows the mass spectrometer to
register more effective scans. During the colorimetric peptide assay, peptide concentration was
recorded; however, one of the two biological replicates of each sample was more concentrated
than the other and was chosen to be used for the mass spectrometry. Using the sample with the
lowest concentration of total peptides (3C2), we normalized the other samples so the total
peptide concentration would be closely similar across the board (Table 3). This was important to
maintain consistency during the experiment. Randomizing the order of the samples during the
run was key in preventing the occurrence of unwanted bias and variables. The samples were
double-injected in order to create technical replicates. The technical replicates of the samples

were also randomized and did not go in the same order as the original samples. A sample of
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HeLa cells was injected multiple times in equal time intervals in between our samples to provide
evidence for the machine’s consistency in spray pattern. In essence, this functioned as a
technical control to see if there were any issues with the mass spectrometer’s run itself. No
significant variation in spray pattern pattern was found, illustrating that the machine executed the
procedure without issues. The mass spectrometer generated chromatographs (Figure 3) that were
used to validate our data and vet it before moving on with the software-based quantitative
proteomic analysis. The technical replicates generated identical chromatographs as those shown
in Figure 3 and were not listed to avoid redundancy.
Quantitative Proteomic Analysis

To ensure a False Discovery Rate (FDR) of less than 0.1%, certain parameters had to be
set during the Scaffold analysis. After setting the thresholds to the defined values mentioned in
the Results section, we were able to achieve a point where we could analyze every peptide with
extremely high confidence. For measuring protein abundance, spectral counting is one of the
most effective methods to use. There is a very strong correlation between protein abundance and
spectral counts*®. While another method of protein quantification, measuring ion peak intensity,
is available for use, it typically has practical constraints when used for complex biological
samples’!. Because of this, we used spectral counting for our analysis. However, it was vital to
normalize the spectral counts in order to measure the variation between samples accurately. The
Scaffold program normalized protein spectrum counts by completing multiple calculations in a
stepwise manner. First, the total number of spectra in each biosample was calculated. Then, the
average number of spectra across all biosamples was calculated. Finally, the spectral count of
each protein in every sample was multiplied by the average count over the biosample’s total

spectral count. An example of this calculation is illustrated by Table 6.
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Table 6

Example of Spectral Count Normalization in Scaffold
Biosample A Spectral Count | Biosample B Spectral Count
Protein 1 12 Protein 1 8
Protein 2 6 Protein 2 3
Protein 3 4 Protein 3 3
Total 22 Total 14 Total Average: 18
Biosample A Normalized Biosample B Normalized
Protein 1 10 Protein 1 10
Protein 2 5 Protein 2 4
Protein 3 3 Protein 3 4

Note. Biosample A protein spectral counts are multiplied by 18/22. Biosample B protein

spectral counts are multiplied by 18/14.

The histones illustrated in Figure 6 had overall high normalized spectral counts. Pairing

this information with the significance resulting from the statistical analysis, these peptides made

for our best targets in the final stages of our research. It seems as though these linker histones

could play a role in neural stem cell differentiation. Histone H1 is the most variable of the

histones and has multiple variants as seen in this study, but it also has strongly conserved regions

which could explain the similar function between the variants®2. If one Histone H1 variant is

being expressed at lower amounts, other variants show a compensatory increase in expression

controlled by an unknown mechanism*®. However, if enough H1 subtypes are lost, embryonic

stem cell differentiation is impaired and the silencing of pluripotency factors during DNA

methylation mediation is interrupted. This shows that modulating the levels of these linker

histones and chromatin compaction may help in regulating stem cell pluripotency®*. Based on

this information from previous studies, we initially believed that the increase in Histone H1
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protein expression that is witnessed in Figure 6 correlated to an increase in embryonic stem cell
differentiation and was resulting in a faster differentiation process. To verify this, we sought out
potential downstream targets that might be regulated by these changes in the histones. These
targets were markers that were previously discussed in other studies relating to the nervous
system and differentiation. If our initial theory was correct, then the markers for increased
differentiation should increase in expression. Lower levels would be illustrated in the control
groups and higher levels would be illustrated in the treated samples. We examined standard
markers such as neuron-specific enolase (for neuron growth) and glial fibrillary acidic protein
(for glial growth), but the results did not support our theory. Levels of these markers were
actually higher in the control group, demonstrating that differentiation was not occurring at a
faster rate in the treatment groups since neuronal and glial synthesis was not accelerating
according to these keystone markers. There is still room for improvement on this end as not
even a major proteomic marker of myelin sheath synthesis, MBP, was found during the
proteomic analysis. Considering that it is capable of being found by mass spectrometry®’, our
protocol could be refined to better isolate this protein from within the lipid membrane of
myelin®®. The lack of this protein in the analyzed sample is odd considering that the
transcriptional repressor for it was found and changes in protein expression levels were seen as
the days passed. This may be due to the time limits implemented during this study being too
short and the protein itself not forming in enough abundance yet. Although there was glial
growth as illustrated by the darker spots during light microscopy, perhaps not enough mature

oligodendrocyte formation occurred.
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Post-Translational Modifications

Another software, Peaks Studio X (Proteome Software, Inc.”) was used to confirm the
data found in Scaffold. Peaks Studio X uses a slightly different algorithm to calculate the False
Discovery Rate and other metrics; however, all the results still pointed towards the previously
discussed histones. More importantly, this software allowed us to analyze the effect of post-
translational modifications on the Histone H1 family. It is known that Histone H1 variants are
filled with many lysine and arginine residues and are therefore positively charged. This strong
positive charge will allow for tight binding to DNA during chromatin compaction. These linker
histones can act as transcriptional repressors or promoters when this binding occurs. However,
more studies link these histones to the function of local repression®®. Post translational
modifications such as methylation and acetylation make it more difficult for these linker histones
to tightly bind to the wound chromatin due to the decrease in positive charge and the structural
change of the histones. These changes particularly impact the terminal parts of the protein
sequence which are thought to be involved in binding of chromatin proteins regulating
transcriptional activity®®. Our results are illustrated in Figure 9, showing post-translational
modifications that have occurred at certain parts in the sequence for a certain number of Histone
HI peptides. Not all H1 peptides experienced post-translational modifications, but the ones that
did experienced them in various regions. The most similar ones being Histone H1.2 (family
member C), H1.3 (family member D), and H1.4 with a lysine residue at position 64 and/or 65
experiencing ubiquitination. Histone H1.1 is most likely experiencing significantly different
modifications because it is considered a specific variant for thymus, testis, spleen, lymphocytic,
and neuronal cells®®. Although the Histone H1 proteins act as regulators of individual gene

transcription through chromatin remodeling, nucleosome spacing, and DNA methylation, not
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much methylation was witnessed in our data. The charge of the proteins would remain
overwhelmingly positive and there would not be a large enough shift in molecular structure seen
to affect the tight binding of these linker histones significantly. Still, this is worth exploring in
the future to calculate the actual difference in binding between modified histones and non-
modified histones.

Conclusion and Future Directions

This exploratory research should serve as a gateway for future projects in the field of
proteomics, H. erinaceus, and alternative medicine. There are still many unknowns about the
pathways within the nervous system and how it is affected when treated with H. erinaceus.
Based on previous studies, it is clear that there are benefits to consuming this mushroom, but to
what extent these treatments provide benefits is still left to be seen. The relationship between the
histones observed in this study and the fungal extract provides a small, yet novel benefit to the
differentiation process in stem cells. With protocol refinement, H. erinaceus might be used in
the future as a supplement to growth media when differentiating cells.

It is worth noting that we did have limitations that future studies can avoid when
attempting to build upon this one. To our knowledge, we were the first to attempt a quantitative
and label-free proteomic analysis on rat neural stem cells after being treated with aqueous extract
of H. erinaceus. We did not find any previous studies that covered this exact topic; therefore, we
did not have a specific guide on how to proceed flawlessly. We were forced to pull information
from many facets of the groups currently analyzing H. erinaceus and its effects. We were also
limited due to the sensitive nature of the neural stem cells. We would have preferred to work
with human tissue to analyze the medicinal benefits in a better way, but due to costs, our lab was

limited to animal cells such as those from rats. These cells were cultured from a primary cell line
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and, as a result, were very difficult to work with. Having an immortal cell line would allow us
more time and resources and we would not have to worry about running out of products. It
would have been less expensive and would have also allowed us to run the procedure for a
longer period of time to witness the effects on a deeper level. Running the experiment again for
a longer period of time would be very useful in specifically seeing if MBP was indeed in the
sample, but did not have enough time to build up to significant protein levels. Previously
successful studies have demonstrated progress when utilizing nerve growth factor in their
experiments involving neural stem cells'®.

Although having a larger group working on analyzing and researching every protein in
our data would have allowed us to deliver more insight on this topic, the results presented in this
paper are of the best quality that was allowed due to our restrictions. We are confident that this
is a good first step through the door and that others will find this information helpful when
proceeding with more sharpened procedures for analyzing the proteomic contents of rat neural

tissue post-treatment with H. erinaceus extract.
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APPENDIX A: LIST OF T-TEST SIGNIFICANT PROTEINS AND FOLD CHANGES IN
DAY 3 GROUPS
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ETO | u3 =L0C100360491 PE=3 SV: GEmS  Locooseosst 23408 0020 84 unknown
2 G initiation factor 1 05=Rattu i 16 GN=Eif1 PE=15V=1 BOKOOS  Eift 13408 0025 unknown
3 AAOAOH2UH... Rps20 13kDa 0025 unknown
¥ ™ L1 =Rpl11 PE=15V=2 P62914  Rplil 20k0a 0.025 8  Rattusnorvegicus LX)
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g £ 1 ‘ ae (6 | (25
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H e : 8 i 2 BEEUE o Rianss £ BET E [EpEEz2Zaicls
i 103 ¢ | ¢ i ilais e Sl sieeiid i
8 5 2 £ 8 5| 5|3 2158 g ¥} 11
{ 3 gl é 2 L HHEEH HREREHHEE R
06302 Ptma 12i08 0.00089 Rattus norvegicus. ° . 57 29 30 30
FUWO1  Numal 27408 00015 unknown (0) 144N F14% 145
QOEPHS  Pabpel 71105 (00035 Rattus norvegicus. oo . « o o
MOR7B4  Histih1d 2i0s & 100039 unknown (0) 14350 427" 441
35213 Ywhab 28402k (10,0039 Rattus norvegicus . . o o w4 25 24
FILNY3 (43) Ncam1 93408 0.0043 unknown () G -
AACAS A 21402k (10,0043 Rattus norvegicus . o o (0) 14381 429" 1445
Q31w 7i0a 0.0046 Rattus norvegicus . . so o ee o 24 16 15 15
AOAOG2K... 210 00058 Rattus norvegicus. ° ° . . A0S RISV AT e
FLM6V1 (+1) Hp1bp3 61402 00063 unknown (©) 2V L@ 2y
P68255  Ywhaq 05 00066 Rattus norvegicus . ° . 6 14 13 14
P62804  Hac2 1kos 0.0068 Rattus norvegicus . . e o 167 1507 1657 (52
BSDF91 Elavil 36kDa 0.0071 Rattus norvegicus L] . . 16 7 8 8
AOAOGIY.. Cita 25403 00072 unknown © F2 2 ey
Q64303 Pak2 s8kDa 0.0077 Rattus norvegicus. . . . oo o . (0) W2 sy 2y
FILQN (+1) Rtnd 126408 00077 unknown (©) F2V 3 2
ASUMVE (+...H2afj 13k0a S [ 0.0078 Rattus norvegicus. o o o 13 54 60 61
26769 Adey2 123408 0.0080 Rattus norvegicus . o . . . G @ ;@
Q32898 Beas1 62kDa 0.0084 Rattus norvegicus X . ° (0) W5y A 4
AOAOG23S... Add1 80kDa 0.0084 unknown (0) WEEW W8 W7
=1 070593 Sgta 34kDa 0.0099 Rattus norvegicus . L] L] » oo oo 1" (0 @ m
P02401  Rplp2 12108 0011 Rattus norvegicus. . o o 16 36 38 35
P1Ssss  H1-4 2i0s & (0012 Rattus norvegicus. o e o 52 148 142 160
C6L8E0  Dbn1 73108 0013 unknown (0) 1427 140 140
ADAOG23S... Ndrg2 El 0013 unknown 18 (B) T A
COPT7  Fina 20108 4 1007 unknown (a0 25 23 126
Q62733 Tmpo 50103 0018 Rattus norvegicus ° o o ee oo @ 17 19 16
D4AGA2  10C100911361 37K08 & 0019 unknown 29 18 20 18
G3V829 (+1) Fubp3 61408 0019 unknown (0) WA B4
P02769  ALB 63K0a & 10019 Bos taurus oo . . . . 357 18771 1162 1558
U ockOeie 2408 0020 unknown (0) FASH F45% 148
13kDa 0.025 unknown 6 (0) (0) m
AWNZUH_ RDSID 13kDa 0.025 unknown 0) 6) La 5
P62914  Rpl1 2108 0025 Rattus norvegicus. . . e o . 153 WG E7E I
35 M * Vimentin 05=Rattus norvegicus OX=10116 GN=Vim PE=1 SV=2 P31000 Vim ) 54kDa 0.025
36 ™ 0X=10116 GN=Hi PE=3SV=1 G3vaCc7 Hist1h2bk 14kDa 0.025
37 [Vl & T-complex protein 1 subunit beta 05=Rattus norvegicus 0X=10116 GN=Cct2 PE=1SV=3 QSXIM9  Cct2 57kDa 0.027
38 [V  Peptidyl-prolyl cis-trans i FKBP1A gicus 0X=10116 GN=Fkbp1a PE=1SV=3 Q62658  Fkbpla 12kDa 0.031
3 [  Calmodulin-3 05=Rattus norvegicus 0X=10116 GN=Calm3 PE=1 5V=1 PODP31  Calm3 17k0a 0.031
40 v Metaslzss assoclaud protein MTA1 0X=101' =i PE=15V=1 AOA140TA98 Mtal 83kDa 0.033
ok lated protein 2 gicus 0X=10116 PE=15V=1 P47942 Dpysi2 62k0a * 0.033
42 [Vl * Histone H2B jicus 0X=10116 i PE=35V=1 MOR4L7 Hist1h2bl 14kDa & 0.033
43 [Vl * Cleavage and polyadenylation specificity factor subunit 5 i =101 PE=25V=1 B4F764 Nudt21 26kDa 0.034
4 [ * RCGSS135, isoform CRA_b 0S=Rattus norvegicus OX=10116 G=Tin1 PE=1 SV=1 G3ves2  Tin1 270kDa & 0.035
45 [V * Eukaryotic translation initiation factor 4H OS=Rattus norvegicus OX=10116 GN=Eif4h PE=1 SV=1 QsXx172 Eifah 27kDa 0.036
4 [V * Brainacid soluble protein 1 i =101 PE=15V=2 Qﬂ5175 Baspl 2k * 0.036
47 [Vl + Peptidyl-prolyl cis-1 i g 10116 GN=Pin1 PE=1 SV=1 Pin1 18kDa 0.036
4 [« 10koa protein, mi i i 10116 PE=15V=1 AQAOG?JTGI Hspel 9kDa 0.037
€ M protein V jcus OX=10116 Gl=Cenpy PE=15V=3 D4A9A3  Cenpv 28kDa 0.038
S0 V] Alph: I i =10116 GN=Eno1 PE=15V=4 P04764 (+1) Enol 47kDa * 0.038
51 [V & Matrin-3 i =10116 PE=15V=2 P43244 Matr3 94kDa 0.040
52 [V] * Transient receptor potential cation channel subfamily V member 4 i 10116 GN=Trpv4 PE=1 SV=1 QUERZE  Trpva 98kDa 0.041
53 [V] * ATP synthase membrane subunit DAPIT, mi i gi PE=15V=1 QW3 Atpsmd 6kDa 0.041
54 V] & Aly/REF jicus 0X=101 yref PE=1 SV=1 D3ZXH7  Alyref 20kDa 0.042
5 M *q id bunit 4 isoform 1, mi i gicus 0X=10116 GN=Cox4i1 PE=1 SV=1 P10888  Coxdil 20k0a 0.042
% [V *+ 605 acidicril protein P1 jicus 0X=10116 GN=Rplp1 PE=3 SV=1 P19944 Rplp1 11kDa 0.043
57 vl id: g =10116 PE=15V=1 Q8vIo4 Asrgll 34kDa 0.043
58 (V] * Calponin-3 0S=Rattus norvegicus 0X=10116 GN=Cnn3 PE=1 SV=1 P37397  Cnn3 36kDa 0.043
59 [V« Polypyrimidine tract-binding protein 1 0S=Rattus norvegicus 0X=10116 GN=Ptbp1 PE=15V=1 AOAOG2ITV...Ptbp1 59kDa 0.045
60 v migration inhibitory factor 16 GN=Mif P30904 Mif 12kDa 0.046
61 [V % EF-hand di ing protein D2 gi =10116 GN=Efhd2 PE=1 SV=1 QaFZY0 Efhd2 27kDa 0.046
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otz S7k0s  002r Rattus norvegicus = 2 ©
Q62658 Fkbpla 1208 i 0) o s
PODP31  Calm3 17kDa 6N (0 2y e
AOA140TA98 Mtal si0s 0033 unknown Em © E2E ©
47942 Dpysi2 6210s * EADH H33H B2 E3SE
MOR4L7  Hist1h2bl 1402 & O33N unknown 511 278 307 231
B4F764 Nudt21 2%6kDa 0034 unknown ©) =
G3vB52 Tin1 270k0a & NINO03SIIN unknown (0) [ I
Q72 Efth 27102 e o o e oo oo B 1w 7T @
Q05175 Baspl 202 & EEEONIET Rattus norvegicus oo °e 0o o se o (0) A N
Pin1 1B0a 0036 unknown mem O @ (0
A0AOG2ITG1 Hspel 9k0a  IINO037I unknown (0) BN A WS
Ce 8Kk0a 0038 unknown (0) G2 NS ESE
P04764 (+1) Enol 7k * eee ° X ° e e i =]
Pa3244  Matr3 94kDa i ° . . oo e o o ° e =
Q9ERZS Trpvd. 98kDa 0041 Rattus norvegicus eesse @ . . ece oo ce o Ce @ 3 @
Q91IW3  AtpSmd 6kDa i oo L (0) INEN BEN NEN
D3ZXH7  Alyref D02 EEN00425 unknown (0) I NS
P10888 Coxail 20kDa . 0042 Rattus norvegicus e o . oo CER RN I . o 487 42 400 9
P199aa  Rolpl 11k0a ceo ° oo e o s o (0) 43N 0N Wem
Q8vioa  Asrglt 34108 i e o oo . s (0 (0 e
P37397 Cnn3 36kDa & WIN0043N Rattus norvegicus eeos ese . . . 18 12 1 9
AOAOG2ITV...Ptbp1 59KDa  IINOI045TI unknown ©) 10N 13N A
P30904 mif 12k08 0046 Rattus norvegicus seoe . eecane oo ve . oo (0) NUN N .
QFzvo Efhd2 702 [T00467 Rattus norvegicus. . . . mgw m2E 0 (0



APPENDIX B: LIST OF T-TEST SIGNIFICANT PROTEINS AND FOLD CHANGES IN
DAY 7 GROUPS
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# | £| 3 dentified Proteins (1042) g ] B EY K
1 [l * ATP synthase membrane subunit DAPIT, mi gicus 0X=10116 p! PE=1SV=1 Q91IW3 AtpSmd  6kDa <0.00010 S0
2 (] * Myotrophin 0S=Rattus norvegicus ox—lous GN=Mtpn PE=1SV=2 P62775 M 13kDa 0.00034 o8
3 V] * nuclear ril [ gicus 0X=10116 pd PE=1 SV=2 Q93154 Hnrpd  38kDa 0.00041 o8
4 ™ * c 3 i =10116 GN=Calm3 PE=1 SV=1 PODP31 Calm3  17kDa 0.00043 Rinid
5 vl  nebps jcus 0X=10116 PE=15V=1 Q71VE8  Nedds 902 0.00053 84
6 [Vl # ATP synthase subunit delta, mitochondrial 0S=Rattus norvegicus 0X=10116 GN=Atp5fid PE=1 SV=1 G3V7Y3 (+1) Atp5fid  18kDa 0.00053 S0
7 [Vl Tubulin alpha 1A chain OS=Rattus norvegicus 0X=10116 GN=Tubala PE=1 SV=1 P68370 (+1) Tubala 50kDa 0.00055 o8
8 ™ * c dynein 1 heavy chain 1 gicus OX=10116 PE=15V=2 MOR9X8  Dyncihi 532kDa 0.00064 °+8
9 [Vl + 605 ril protein L19 gicus 0X=10116 Rpl19 PE=1 SV=1 P84100 Rpl19  23kDa 0.00088 S0
10 [V * Leucine-rich repe: ining 47 gicus 0X=10116 GN=Lrrc47 PE=1 V=2 F1LT49 Lrrcd7  64kD2 0.00089 Né'
11 [ & M fission 1 protein 0X=10116 GN=Fis1 PE=1 SV=1 P84817 Fis1 17kDa 0.00094 R
12 [¥] + HN1OS=Rattus norvegicus OX=10116 GN=Jpt1 PE=1 SV=1 AOAOS9NZRO Jpt1 16 kDa 0.0010 S4r
13 [V * Sodium- and chlorid: GABA 3 gicus 0X=10116 11 PE=15V=1 P31647 Slc6a11  70kDa 0.0012 84
14 [v] + Histone cluster 1 H1 family member d gicus OX=101 =Hist1h1d PE=1 SV=2 MOR7B4 Histih.. 22kDa & 0.0013 4
15 [Vl * Histone H1.1 OS=Rattus norvegicus OX=10116 GN=H1-1 PE=1 SV=1 D4A3KS H1-1 2kDa & 0.0013 &4
16 [Vl * Vimentin 0S=Rattus norvegicus 0X=10116 GN=Vim PE=1 5V=2 P31000 vim 54kDa & 0.0014 i g
7 M * in alpha 0X=10116 PE=15V=2 P06302 Ptma 12kDa 0.0016 48
18 [Vl * Adducin 1 (Alpha), isoform CRA_b OS=Rattus norvegicus OX=10116 GN=Add1 PE=1 SV=1 AOA0G23S... Add1 80kDa 0.0016 S04
19 [V] % LIMand SH3 domain protein 1 0S=Rattus norvegicus 0X=10116 GN=Lasp1 PE=1 SV=1 Q99MZ8  laspl  30kDa 0.0016 94
20 ¥l  Spectrin beta chain gicus 0X=10116 PE=15V=1 AOAOG2KS... Sptbn1  273kDa * 0.0019 o8
21 [l + Enhancer of mRNA ing protein 4 egicus 0X=10116 GN=Edc4 PE=1 SV=2 F7F707 (+1) Edcd 163kDa 0.0019 G4
22 [V 14-3-3 protein gamma OS=Rattus norvegicus 0X=10116 GN=Ywhag PE=1 5V=2 P61983 Ywhag 28kDa & 0.0020 44
23 [Vl # Clathrin heavy chain 1 05=Rattus norvegnms 0X=10116 GN=Cltc PE=1 SV=3 P11442 Clite 192kDa 0.0020 o8
24 ™ * nuclear ril L gicus 0X=1011. F1LQ48 Hnmpl  63kDa 0.0020 o8
25 [ « mMalate i gicus 0X=10116 P04636 Mdh2  35KkDa 0.0021 84
2% [Vl # Histone H1.5 0S=Rattus norvegicus 0X=10116 GN=H1-5 PE=1 SV=1 D3ZBNO H1-5 23kDa & 0.0022 S04
27 [Vl + 405 il protein 528 gicus 0X=10116 Rps28 PE=1 SV=1 P62859 Rps28  8kDa 0.0023 S04
28 [V * septin7 jicus 0X=10116 PE=25V=1 AVCW8  Sept7  51kDa 0.0024 o9
2 [V  ATP synthase subumto i i gicus 0X=10116 tp! Q06647 AtpSpo  23kDa 0.0024 G4
30 [Vl * Far t-binding protein 2 gicus 0X=10116 PE= AOAOG2K2... Khsrp  77kDa & 0.0025 S0
31 [V * calcium- requlated heat stable protein 1 0S=Rattus norvegicus 0X=10116 GN=Carhsp1 PE=1 SV=1 Q9wu49 Carhsp1l  16kDa 0.0027 84
32 [Vl # 14-3-3 protein epsilon 0S=Rattus norvegicus 0X=10116 GN=Ywhae PE=1 SV=1 P62260 Ywhae 29kDa & 0.0028 o8
33 [V * Nuclear igenic sperm protein gicus 0X=10116 GN=Nasp PE=1 SV=1 Q66HD3 Nasp 84kDa 0.0029 o8
# M i lanine-rich C-kinase jicus 0X=10116 PE=15V=2 P30009 Marcks 30kDa 0.0029 44
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i sv=1 Q91IW3  AtpSmd 6iDa <0.00010 $4  Rattus... o o 0) W 8
=15v=2 P62775  Mtpn  13kDa 0.00034 08 Rattus. ®00 @ . . ° 15 @ @
Jorvegicus 0X=10116 GN=Hnrnpd PE=1 SV=2 Q91354 Hornpd 38103 0.00041 @48 Rattus. eoee ° . oo ° 2% 17 16
PE=15V=1 PODP31 Calm3  17k0a 0.00043 4%  Rattus. ®0 @ . . . . . 49 (8
sv=1 Q71UES Nedds  9kDa 0.00053 et Rattus... . . . . 0) L 2
\vegicus OX=10116 GN=AtpSf1d PE=1SV=1 G3V7Y3 (+1) AtpSfid  18KDa 0.00053 84 (0) NI T
GN=Tubala PE=15V=1 P68370 (+1) Tubala S0kDa 0.00055 g . & 8 ° ASY 32 W
s 0X=10116 GN=Dync1h1 PE=1 5V=2 MOR9X8  Dyncih1 532kDa 0.00064 «9 590 (0) 2y
116 GN=Rpl19 PE=1SV=1 P84100 Rpl19 23kDa 0.00088 Liaid L] . . @ 19 2
DX=10116 GN=Lrrc47 PE=1 SV=2 F1LT49 Lrrcd7  64kDa 0.00089 L 20 m 7 52
10116 GN=Fis1 PE=1SV=1 P84817 Fis1 17kDa 0.00094 bt g . . . oo o 10 @ @
1 'AOAOS9NZRO Jpt1 16k0a 0.0010 84 (0) WaAW Nag
Rattus norvegicus OX=10116 GN=Slc6a11 PE=1 5V=1 P31647 Skc6all 70kDa 0.0012 Rgis . L] L . . (0) FA7N 48
Fus 0X=10116 GN=1 sv=2 MOR7B4  Histih.. 22KDa 00013 o4 12 230 234
D4A3KS H1-1 2kba * 0.0013 $4 oo L] . (0) W60 V64
P31000 Vim s4kD & 0.0014 o8 oo . o 552 137 146
P06302 Ptma 12kDa 0.0016 bin 4 . . 45 18 18
A0A0G2JS.. Addl  80KDa 0.0016 pgis (0) 6% 116
Q99MZ8  Laspl  30KDa 0.0016 94 - iy . (0) WA2N W2
AOAOG2KS... Sptbn1  273kDa * 0.0019 Ein'g 5 10 12
.x-nox:mus GN=Edc4 PE=15V=2 F7F707 (+1) Eded  163KDa 0.0019 84 (0) SN 146
“Ywhag PE=1SV=2 P61983 Ywhag 28k0a & 0.0020 84 . . L] L] 22 38 37
W=Cltc PE=15V=3 Pll42 Gt 19260m 0.0020 i . ece . 48 T ()
jrvegicus 0X=10116 GN=Hnrnpl PE=1 SV=2 F1LQ48 Hompl 68 kDa 0.0020 Find oo 29 18 19
lcus 0X=10116 GN=Mdh2 PE=1 5V=2 P04636 Mdh2 36kDa 0.0021 4 . " 35 34
=1 D3ZBNO  HI-5  23KDa & 0.0022 higid ° 15 166 179
16 GN=Rps28 PE=1 SV=1 P62859 Rps28  8kDa 0.0023 84 L] . @ 21 20
2sv=1 AVCWB  Sept7  51KDa 0.0024 o8 1 3 @
mox—;ousm»msw pz- Q06647 AtpSpo  23iDa 0.0024 et . . eee oo . (0) WA WA
ADAOG2K2... Khsrp 77k * 0.0025 84 12 47 44
gicus 0X=10116 GN: mspxn 15v=1 QOWU49  Carhspl 16KDa 0.0027 84 . . 4 18 18
PE=1SV=1 P62260 Ywhae 29kDa & 0.0028 °8 e . ° . L] . . 102 282 21
j1s 0X=10116 GN=Nasp PE=1 SV=1 Q66HD3 Nasp 84kDa 0.0029 Ein'd . . . . 13 3)
norvegicus 0X=10116 GN=Marcks PE=1 5V=2 P30009 Marcks  30kDa 0.0029 34 . . . . 80 226 213




35 [ * 605 rib 1 protein L8 C gicus 0X=10116 GN=Rpl8 PE=2 SV=2 P62919  Rpls  28KkDa 0.0030
36 V] # T-complex protein 1 subunit eta 0S=Rattus norvegicus 0X=10116 GN=Cct7 PE=1 SV=1 D4AC23 Cct7 60 kDa 0.0034
37 [V Serum albumin 0S=Bos taurus GN=ALB PE=1 5V=4 P02769 ALB 69kDa 0.0037
38 [Vl Pcbp2 protein gicus 0X=10116 p2 PE=15V=1 Q4V8F6 (+2) Pcbp2  35kDa & 0.0041
39 vl « i gicus 0X=10116 GN=Glul PE=1 SV=3 P09606 Glul 42kDa 0.0043
40 (v Proteasome subunit alpha type-1 gicus 0X=10116 1PE=15V=2 P18420 Psmal 30kDa 0.0044
41 ™ * nndea i in M gicus 0X=10116 GN=Hnrnpm PE=1 SV=1 F1LV13 (+1) Hnmpm 74kDa 0.0044
42 W « ATP pling factor 6, mi i gicus 0X=10116 pSpf PE=1SV=1 P21571 Atpspf  12kDa 0.0046
43 [Vl * Dynein light chain 1, o regicus 0X=10116 ynll1 PE=1 SV=1 P63170 Dynlll  10kDa * 0.0046
= [V 10 kDa heat shock protein, mi i gicus 0X=10116 pel PE=15V=3 P26772 Hspel 11kDa * 0.0048
45 v * kinase PKM gicus 0X=10116 GN=Pkm PE=1 SV=3 P11980 Pkm S58kDa K 0.0049
% ™ * Far upstream element-binding protein 1 0S=Rattus norvegicus 0X=10116 GN=Fubp1 PE=1 SV=1 AOA140TAJ..Fubpl  68kDa * 0.0049
a7 ™ * binding protein 1 gicus 0X=10116 p1 PE=15V=3 F1M853 Rrbp1  158kDa 0.0049
48 [V # Mitochondrial import receptor subunit TOM22 homolog OS=Rattus norvegicus 0X=10116 GN=Tomm22 PE=1 SV=1 Q75Q41 Tomm... 15kDa 0.0051
9 [V * Heat shock protein HSP 90-alpha gicus 0X=10116 1PE=15V=3 P82995 Hsp90.. 85kDa 0.0053
50 [V]  Fatty acid synthase OS=Rattus norveglcus 0X=10116 GN=Fasn PE=1 SV=3 P12785 Fasn 273kDa 0.0056
51 [V splicing factor proline and gicus OX=10116 GN=Sfpq PE=1 SV=1 ADAOG2KS... Sfpq 75kDa K 0.0059
52 (V] # Vinculin OS=Rattus norvegicus 0X=10116 GN=Vcl PE=1 SV=1 AOAOG2KS... Vcl 124kDa 0.0061
53 [V Fruct bisphosph. aldolase C norvegicus 0X=10116 GN=Aldoc PE=1 SV=3 P09117 Aldoc 39kDa K 0.0063
54 [Vl # Sodium/potassium-transporting ATPase subunit alpha-2 gicus 0X=10116 tpla2 PE=15V=1 P06686 Atpla2 112kDa * 0.0064
55 [Vl * G3BP stress granule factor 1 gicus 0X=10116 p1 PE=1SV=1 D3ZYS7 G3bp1l  52kDa K 0.0065
56 v + 265 y subunit 7 gicus 0X=10116 PE=15V=1 G3V7L6 (+1) Psmc2  43kDa 0.0068
57 [Vl # 60S acidic ribosomal protein P1 0S=Rattus norvegicus 0X=10116 GN= Rplp1 PE=3 SV=1 P19944 Rplpl1  11kDa 0.0069
58 [ & y factor X, 5 (I HLA class IT i ) gicus 0X=10116 x5 PE=1 SV=1 D3ZHD7  RfxS 72kDa 0.0073
59 [v] * Alpha-1,4 glucan y icus OX=10116 ygb PE=1 SV=2 G3V6Y6 Pygb  97kDa K 0.0073
60 ™ * jicus 0X=10116 Gu-Takm PE=15V=2 Q9EQSO Taldo1 37kDa 0.0075
61 [Vl Guanine nucleotide-binding prolecn G(I)IG(S)IG(T) subunit beta-1 regicus 0X=10116 PE=15V=4 P54311 Gnb1 37kDa 0.0076
62 [V 60Sri protein L6 gicus 0X=10116 GN=Rpl6-ps1 PE=3 SV= F1LQS3 (+2) Rpl6-p.. 34kDa 0.0076
63 [V« 265 non-ATPase reg y subunit 2 gicus 0X=10116 PE=15V=1 Q4FZT9 Psmd2  100kDa 0.0079
64 [V & igration inhibitory factor gicus 0X=10116 GN=Mif PE=1 SV=4 P30904 Mif 12kDa 0.0084
65 v + cop9 si plex subunit 3 gicus 0X=10116 GN=Cops3 PE=1 SV=1 Q68FW9  Cops3  48kDa 0.0085
66 ™ * 3 gicus 0X=10116 GN=Plpp3 PE=1 SV=1 P97544 (+1) Plpp3  35kDa 0.0087
67 v Enovl CoA delta i 1, mi C gicus 0X=10116 GN=Ecil PE=1 SV=1 AOAOG2K2R2Eci1 31kDa * 0.0095
68 ) drial 2 /malate carrier protein g 1PE=15V=1 G3V6HS Slc25a... 34kDa 0.0095
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/6 GN=RpI8 PE=2 SV=2 P62919 Rpl8 28KkDa 0.0030 $4  Rattus.. . . . (0)
(=10116 GN=Cct7 PE=15V=1 DaAC3 7 60KDa 08  unkno.. 10
P02769  AB 02 10,0037 4  Bosta. o0 0 . 2
2pE=15v=1 QaVBF6 (+2) Pcbp2  35KDa k[ 0.0041 B4 unkno.. 8
m..l PE=15V=3 P09606 Glul 42kDa 0.0043 S Rattus.. @0 . ° . eoe . ()}
=15v=2 P 2k02 00044 $4  Ratws.. © 0 ° . e o . ©
wegmsoxﬂons GN=Hnrnpm PE=1 SV=1 FILV13 (+1) Harnpm  74K0a 0.0044 S04 unkno.. 7
norvegicus 0X=10116 GN=AtpSpf PE=1 SV=1 P21571 AtpSpf  12kDa 0.0046 P40  Rattus.. ®90 @ . . o B 0 6
X=10116 GN=Dynli1 PE=1 SV=1 P63170  Dynlil  10kDa * [ 0.0046 $4 Rattus. © 08 °e o . . ° o ©
‘egicus OX=10116 GN=Hspe1 PE=1 SV=3 P26772 Hspel  11kDa & 0.0048 B4 Rattus.. ° . (0)
=Pk PE=15V=3 P11980  Pkm  58KDs & 10,0049 48 Rattus. eee @ 0 o e e . 36
‘gicus 0X=10116 GN=Fubp1 PE=1 SV=1 AOA140TA)..Fubpl  63kDa 0.0049 B4 unkno.. 4
}116 GN=Rrbp1 PE=1 SV=3 FIM8S3  Rrbpl  158KDa 0.0049 B4 unkno.. 18
sv=1 Q75041 Tomm.. 15402 0.0051 $4 Ratws. ee o o 1
X=10116 GN=Hsp90aal PE=1SV=3 P82995  Hsp90.. 85KDa x [ 0.0053 08  rRatws. e0ee se @ . . o o 61
=15V=3 P12785 Fasn  273kDa 0.0056 €8  Rattus.. oo . e o . . . 64
egicus 0X=10116 GN=5fpq PE=1 SV=1 AOAOG2KE... Sfpq  75KDa 10,0059 B4 unkno.. 14
=1 A0AOG2K... Vcl 124408 0.0061 48  unkno.. 19
DX=10116 GN=Aldoc PE=1 5V=3 PO9117  Aldoc  3KDa & | 0.0063 B¢  Ratws. oo . . . 38
sv=1 POG686. Atpla2 112kDa 0.0064 P4 Rattus. 09 @ oo . o e oo . ) 40
icus 0X=10116 GN=G3bp1 PE=1 SV=1 D3ZYS7  G3bp1  S52KDa & 4%  unkno.. 5)
fus 0X=10116 GN=Psmc2 PE=1 SV=1 G3V7L6 (+1) Psmc2 43102 0.0068 48  unkno.. 18
=10116 GN=Rplp1 PE=3 SV=1 P19944. Rplpt  11kDa 0.0069 B4 Rattus. @@ ° . ° ° (0
=RAXS PE=1SV=1 D3ZHD7  RBS 72002 0.0073 B4 unkno.. ©
(=10116 cu-mzh PES15V=2 G3V6Y6  Pygb  97KDa [ 00073 08  unkno.. 28
1PE=1 Q9EQS0  Taldo1 37402 0.0075 B4 Rttus.  ® o o . ©
ftbeta-1 OS-Haltus norvegicus 0X=10116 GN=Gnb1 PE=15V=4 P54311  Gnbl 37402 0.0076 B4  Rttus. 800 . ) e ecve . z
6 GN=RpI6-ps1 PE=3 SV=1 FILQS3 (+2) Rpl6-p... 34kDa 0.0076 B4 unkno.. 4
tus norvegicus OX=10116 GN=Psmd2 PE=1 5V=1 QaFZT9  Psmd2  100Da 0.0079 08  Rottus. o0 e o . 20
P30904  Mif 12108 0.0084 4 Ratus. ®oe @ se oo e o . )
fus OX=10116 GN=1 cupsa Pe=15v-1 Q68FW9  Cops3  #8KkDa 0.0085 $4  rattus. oo . ° . ©
)116 GN=Plpp3 PE=1 SV=1 97544 (+1) Plpp3 35402 0.0087 B4 Ratus. o0 B o e . . ©
Jrvegicus OX=10116 GN=Eci1 PE=1SV=1 ADAOG2K2R2EG1  31KDa * [ 0.0095 84 unkno.. ©

Rattus norvegicus OX=10116 GN=Slc25a11 PE=1 SV=1 G3V6H5  Sk25a.. 34kDa 0.0095 B4 unkno.. ©




¢

o o gicus 0X=10116 GN=Mt1m PE=3 SV=1 D3ZHV3 (+1)Mtim  6KDa 0.0095
70 [V # Acetyl-CoA i gicus 0X=10116 PE=15V=1 QSX122 Acat2  41kDa 0.0096
n ™ nuclear ri in A1 gicus 0X=10116 pal PE=1SV=3 P04256 (+1) Hnrnpal 34kDa 0.0099
72 [V + mMi i protein gicus 0X=10116 p2 PE=15SV=3 F1LNKO (+1) Map2 211kDa 0.010
73 [V RCG39700, isoform CRA_d gicus OX=10116 PE=15V=1 AOAOH2UH... Rab6a  24kDa 0.010
74 [ & i li norvegicus 0X=10116 GN=Fkbp3 PE=1 SV=1 G3V6L9 Fkbp3  25kDa 0.011
75 v Thi in d protein gicus 0X=10116 4 SV=1 ADA0G2K3... 22kDa 0.011
76 [Vl # Acyl-CoA-binding protein OS=Rattus norvegicus 0X=10116 GN=Dbi PE=1 SV=3 P11030 Dbi 10kDa % 0.011
77 [l + Bifunctional purine biosynthesis protein PURH OS=Rattus norvegicus 0X=10116 GN=Atic PE=1 SV=2 035567 Atic 64kDa 0.011
7 [V * T-complex protein 1 subunit delta 0S=Rattus norvegicus 0X=10116 GN=Cct4 PE=1 SV=3 Q7TPB1 Ccta 58kDa 0.011
79 [Vl  Parathymosin 0S=Rattus norvegicus 0X=10116 GN=Ptms PE=1 SV=1 B3DM95  Ptms 12kDa 0.011
80 v Actin, alpha skeletal muscle 0S=Rattus norvegicus 0X=10116 GN=Actal PE=1 SV=1 P68136 Actal 42kDa  * 0.011
81 [Vl * Rho iation inhibitor 1 norvegicus 0X=10116 GN=Arhgdia PE=1 SV=1 Q5X173 Arhgdia 23kDa 0.011
82 [V 3-ketoacyl-CoA thiolase, mitochondri: gicus 0X=10116 PE=15V=1 P13437 Acaa2  42kDa 0.011
83 ) Cytochrome c oxidase subunit 4 isoform 1, 'gik 0X=10116 GN=Cox4il PE=1 SV=1 P10888 Cox4il  20kDa 0.011
84 [Vl NIF3-like protein 1 gicus 0X=10116 PE=15V=1 Q4V7D6 (+1)Nif3l1  42kDa 0.012
85 ) Histone H2B OS=Rattus norvegicus 0X=10116 GN=L0C102549061 PE=3 SV=1 AOAOG2JXEO LOC10... 14kDa 0.012
8% [V Protein phosphatase 2 (Formerly 2A), regulatory subunit A (PR 65), alpha isoform, isoform CRA_a 0S=Rattus norvegicus 0X=10116 GN=Ppp2r1a... Q5XI34 Ppp2ria 65kDa & 0.012
87 [V + Cortactin, isoform CRA_c OS=Rattus norvegicus 0X=10116 GN=Cttn PE=1 SV=3 D3ZGE6 (+1) Cttn 61kDa 0.012
88 ™ * Nudleolin 05=Rattus norvegicus 0X=10116 GN=Ncl PE=15V=3 P13383 (+1) Ncl 77kDa 0.013
89 [V« e0s protein L28 gicus 0X=10116 Rpl28 PE=2 SV=1 Q642E2 Rpl28  16kDa 0.013
90 ) i gicus 0X=10116 PE=15V=1 AOAOH2UH... Rtn3 28kDa 0.014
91 [Vl Ras-related protein Rab-1A gi 0X=10116 APE=15V=3 7 RablA 23kDa & 0.014
92 [Vl Spectrin alpha chain, non-erythrocytic 1 gicus 0X=10116 ptanl PE=1SV=1 AOA0G2JZ69 Sptan1  287kDa 0.014
93 v Glial fibrillary acidic protein gicus 0X=10116 fap PE=1SV=2 P47819 Gfap S0kDa & 0.014
94 [V * L-lactate B chain it 0X=10116 GN=Ldhb PE=1 SV=2 P42123 Ldhb 37kDa 0.014
95 [V # Core histone macro-H2A 0S=Rattus norvegicus 0X=10116 GN=H2afy PE=1 SV=1 AOA140TA.. H2afy  39kDa & 0.014
96 [V« app/ATP I 2 gicus 0X=10116 PE=15SV=3 Q09073 Slc25a5 33kDa & 0.014
97 [Vl * Proteasome subunit alpha type-5 gicus 0X=10116 PE=15V=1 P34064 (+1) Psma5  26kDa 0.015
98 [¥ * ubiquitin-like modifier-activating enzyme 1 gicus 0X=10116 GN=Uba1 PE=1 SV=1 Q5U300 Ubal  118kDa 0.015
99 ) L-lactate A chain gicus 0X=10116 GN=Ldha PE=1 SV=1 P0464; Ldha 36kDa 0.015
100 [V & ATP subunit beta, gicus 0X=10116 pSfib PE=1 SV=2 P10719 Atp5fib  S6kDa 0.015
101 W * h: ized protein ik 0X=10116 PE=4 SV=2 D3Z525 (+1) 24kDa % 0.015
102 [V * RNA-binding motif protein, X ik gicus 0X=10116 PE=15V=1 P84586 Rbmxrtl 42kDa 0.016
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m PE=3 SV=1 D3ZHV3 (+1)Mtim  6KDa 0.0095. B4 unkno.. (0) W2y
gicus 0X=10116 GN=Acat2 PE=1 SV=1 QsX122 Acatz  41kDa 0.0096 B4  Rattus.. o0 ® . e o @ § ) 13T
porvegicus 0X=10116 GN=Hnrnpal PE=1 SV=3 P04256 (+1) Hnmpal 34kDa & 0.0099 48 Rattus.. ® ® & @ . e o . @ . 47 22
FILNKO (+1) Map2  211kDa 0.010 84 X 5 26 |
AOAOH2UH.. Rabsa 24402 0010 8¢ © o
G3V6L9  Fkbp3  25KDa 0.011 S0 ) e
Jicus OX=10116 PE=4 SV=1 AOAOG: 2202 0.011 S0 . . (0) Az
6 GN=Dbi PE=1 SV=3 P11030 Dbi 10k * 0.011 L 203 o . . @ . 55 124
norvegicus 0X=10116 GN=Atic PE=1 5V=2 035567 Atc 64403 0011 o8 ° . . . 21 6
0X=10116 GN=Cctd PE=1 SV=3 Q7TPBL  Ccts  S8KDa 0.011 o8 ° . . “ @
PE=15v=1 BIDMIS  Ptms 12102 0011 ¢ “w 18
)116 GN=Acta1 PE=1 SV=1 P68136  Actal 2403 & 0011 30 . . ° 125 260
(=10116 GN=Arhgdia PE=1 SV= QsX173  Arhgdia 23k 0.011 o8 . . . 29 14
yicus OX=10116 GN=Acaa2 1 P13437  Acaa2  42kDa 0011 hgtd . o © W6
DS=Rattus norvegicus 0X=10116 GN=Cox4i1 PE=1 SV=1 P10888  Coxail 20402 0011 8¢ . . © 4
Q4V7D6 (+1)Nf3IL 42403 0.012 o4 . (0) [i(5)
= ADAOG2IXEO LOC10... 14KD2 0.012 o4 49 388
A (PR 65), alpha isofc isofc CRA _: ic ... QSXI34 Ppp2ria 65kDa & 0.012 Ris 2 27 @
6 GN=Cttn PE=15V=3 D3ZGE6 (+1)Cttn  61kDa 0012 S0 (0) Iy
=3 P13383 (+1) Ncl 7702 0.013 48 eece . oo . ° . 28 8
16 GN=Rpl28 PE=2 SV=1 Q64262 Rpl28  16kDa 0.013 et ©) W
sv=1 AOAOH2UH... Rin3 23403 0014 3¢ ©) W43
116 GN=Rab1A PE=1 SV=3 Q6NYB7 RablA 23403 * 0.014 48 e o ee oo . . ee oo . . A Y
ADADG2Z69 Sptan1 23703 0014 48 57120
Pa7819  Glop  0KDa & 0014 28 eeo . . . . 2 40
Pa2123  Ldhb 37402 0014 &8 . . 28 (12
5 GN=H2afy PE=1 SV=1 AOAL40TA... H2afy ~ 39KDa & 0.014 o8 19 (3
(GN=Slc25a5 PE=15V=3 Q09073 Sk2sa5 33k0a K 0014 haid . ) . 35 E70:
X=10116 GN=Psma5 PE=1 SV=' P34064 (+1) Psmas  26K0a 0.015 84 . (0) W2
QSU300  Ubal  118KDa 0015 8 oo . 35T A5
PO4642  Ldha  36KDa 0015 o8 . . 7 @
P10719  AtpSfib S6KDa 0.015 b8 ¢ . . . . 748 A7
032525 (+1) 2402 * 0015 84 G (2N
0S=Ratte sv=1 PBasss  Rbmurtl 203 & [ 0016 80 eco ° . o o m 2
103 [V s alpha 4 norvegicus 0X=10116 GN=Gsta4 PE=2 SV=1 AUMW1  Gstad  26kDa K 0.016
104 [z Elongabon factor 1-alpha OS=Rattus norvegicus 0X=10116 GN=LOC100360413 PE=3 SV=1 MOR757 LOC10... 50kDa 0.016
105 [ # protein L24 gicus 0X=10116 GN=Rpl24 PE=1 SV=1 AOAOH2UH... Rpl24  18kDa 0.016
106 W * Hlstone H1.4 0S=Rattus norvegicus 0X=10116 GN=H1-4 PE=1 SV=3 P15865 H1-4 22kDa * 0.016
107 [V Histidine triad ide-binding protein 1 gicus 0X=10116 GN=Hint1 PE=1 SV=5 P62959 Hint1 14kDa 0.016
108 [V * nuclear ri ins A2/B1 gicus 0X=10116 2b1 PE=15V=1 FILNF1 Hnrnp... 37kDa & 0.017
109 [V + Protein phosph 1 y subunit 148 gicus 0X=10116 GN=Ppp1r14b PE=2 SV=1 Q8K3F3 Ppplrl.. 16kDa 0.017
1w ¢ i / gicus 0X=10116 gl1 PE=1 SV=1 Q8VIoa Asrgll  34kDa 0.017
111 W« Sodmm/potassmm transporting ATPase subunit beta gicus 0X=10116 tp1b2 PE=1SV=1 Q5M9H4 Atpib2 33kDa 0.017
112 vl * Far t-binding protein 3 norvegicus 0X=10116 GN=Fubp3 PE=1 SV=1 G3v829 Fubp3 61kDa & 0.018
13 V] + 40sri nmtem s12 gicus 0X=10116 2PE=15V=2 P63324 Rps12 15kDa  * 0.018
114 [V * Mi d protein gicus 0X=10116 p4 PE=1SV=1 AOAOG2IW... Map4 233kDa * 0.018
115 W« nuclear ri in U gicus 0X=10116 pu PE=15SV=1 AOA0G23Z5...Hnrnpu 88 kDa 0.018
116 [V * ATP subunit f, gicus 0X=10116 pSmf PE=1 SV=1 D3ZAF6 AtpSmf 10kDa 0.018
117 ¥+ RCG61099, lsoform CRA_b 0S=Rattus norvegicus 0X=10116 GN=5rsf3 PE=1 SV=1 AOAQU1RR... Srsf3 14kDa * 0.019
118 ] Rat 'gik 0X=10116 PE=2 SV=1 Q6LDP3 26kDa * 0.021
1139 [V Adidic leucine-rich nuclear phosphoprotein 32 family member A egicus 0X=10116 p32a PE=15V=1 AOAOG2K7... Anp32a 26kDa 0.022
120 [Vl # Reticulon 0S=Rattus norvegicus 0X=10116 GN=Rtn4 PE=1 SV=1 FI1LQN3 (+1) Rtnd 126 kDa 0.023
121 [V + RCG45615, isoform CRA_a OS=Rattus norvegicus 0X=10116 GN=Rpl12 PE=2 SV=1 B2RYU2 Rpl12 18kDa 0.023
122 [V * ATP synthase protein 8 gicus OX=10116 GN=ATP8 PE=3 SV=1 QSUAIS ATP8 8kDa 0.023
123 [V] * Histone H2A type 1-C OS=Rattus norvegicus 0X=10116 PE=1 SV=2 POC169 19kDa K 0.023
124 [Vl # cell division control protein 42 homolog 0S=Rattus norvegicus 0X=10116 GN=Cdc42 PE=1 SV=2 Q8CFN2 Cdc42 21kDa 0.024
125 [V Myelin expression factor 2 05=Rattus norvegicus 0X=10116 GN=Hyef2 PE=1 V=1 AOAOG2K4... Myef2  63kDa 0.024
126 [V + splicing factor 3b, subunit 1 gicus 0X=10116 PE=15V=1 G3V7T6 Sf3b1  146kDa 0.024
127 [V * Sodium/potassium-transporting ATPase subunit alpha-1 gicus 0X=10116 plal PE=1SV=1 P06685 Atplal 113kDa * 0.024
128 [V Neural cell adhesion molecule 1 0S=Rattus norvegicus 0X=10116 GN=Ncam1 PE=1 SV=1 P13596 Ncam1 95kDa 0.025
129 v« ion factor 2 gicus 0X=10116 GN=Eef2 PE=1 SV=4 P05197 Eef2 95kDa  * 0.025
130 [ & nudlear ri in A3 norvegicus 0X=10116 GN=Hnrnpa3 PE=1 SV=1 Q6URK4 Hnmpa3 40kDa & 0.026
131 ) Phosphate carrier protein, ial gicus 0X=10116 PE=15V=1 G3V741 (+1) Skc25a3  40kDa 0.026
132 [Vl Fatty acid-binding protein 5 0S=Rattus norvegicus 0X=10116 GN=Fabp5 PE=1 SV=3 P55053 Fabps  15kDa 0.026
133 ] Heat shock cognate 71 kDa protein OS=Rattus norvegicus 0X=10116 GN=Hspa8 PE=3 SV=3 D4A4S3 (+1) Hspa8 71kDa K 0.027
134 [¥] # Chromodomain helicase DNA-binding protem 4 0S=Rattus norvegicus 0X=10116 GN=Chd4 PE=1 SV=3 E9PUO1 Chda 218kDa * 0.027
135 [V 60Sri protein L4 0X=10116 GN=Rpl4 PE=1 SV=1 Q6P3V9 Rpl4 47kDa 0.027
136 [V * Histone cluster 1 H1 family member ¢ OS-Rattlls norvegicus 0X=10116 GN=Hist1h1lc PE=1SV=1 AOAOG2K654 Histlhic 21kDa 0.028
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0X=10116 GH=Gstad PE=2 SV=1 AUMW1  Gstad  26KDa K 0016 B¢ unkno.. 3)
6 L0C100360413 PE=3 SV=1 MOR757 L0C10.. S0kDa 0.016 4 unkno... 30
16 GN=Rpl24 PE=15V=1 AOAOH2UH... Rpl24  13kDa 84 (0)
E=15V=3 P15865 H1-4 2102 * . . 13
rvegicus OX=10116 GN=Hint1 PE=1 SV=5 P62959 Hint1 14kDa . . . . (0)
‘tus norvegicus 0X=10116 GN=Hnrmpa2b1 PE=1 SV=1 F1LNF1 Homp... 37kDa & 53
norvegicus 0X=10116 GN=Ppp1r14b PE=2 SV=1 Q8K3F3 Ppplrl.. 16kDa . . L ©)
icus OX=10116 GN=Asrgl1 PE=1 SV=1 Q8VIOs  Asrglt  34kDa . ©
Rattus norvegicus 0X=10116 \tp1b2 PE=1SV=1 Q5M9H4 Atplb2  33kDa (0)
'gicus 0X=10116 GN=Fubp3 PE= =1 G3v829 Fubp3 61kDa & 4
16 GN=Rps12 PE=1 SV- P63324  Rps12  15kDa & . . ° 18
=10116 GN=Map4d PE=1 SV=1 AOAOG2IW... Mapd  233kDa * 60
116 GN=Hnrnpu PE=1 SV=1 AOAOG2IZS..Hnmpu  88KkDa 7
I=AtpSmf PE=1 SV=1 D3ZAF6 AtpSmf  10kDa . e o L] (0)
sv=1 AOMOUIRR...Srsf3 14402 & 8
10116 PE=2 SV=1 3 6ka * (0)
ber i =15V=1 ADAOG2K7... Anp32a  26KDa 12
15v=1 FILQN3 (+1) Rtnd  126KDa 18
16 GN=Rpl12 PE=2 SV=1 B2RYU2 Rpl12 18kDa ()
Q5UAIS ATP8 8kDa 0)
POC169 1402 & . . 32
=15v=2 Q8CAI2  Cdca2  21kDa ese oo ® eece ' ece . 16
AOAOG2K4... Myef2  63kDa 15
G3V7T6 Sf3b1 146 kDa 10
116 GN=Atplal PE=1SV=1 PO6685  Atplal 113KD2 * ° . . . e . . 25
=10116 GN=Ncam1 PE=1 SV=1 P13596 Ncam1 95kDa oo . . G ;3
Eef2 PE=: =4 P05197 Eef2 95kDa & . . . . o . 35
1orvegicus 0X=10116 GN=Hnrnpa3 PE=1 SV=1 Q6URK4  Hnrpa3 40kDa * . . a1
egicus 0X=10116 GN=Slc25a3 PE=1 SV=1 G3V741 (+1) Sk25a3  40kDa 0)
1116 GN=Fabp5 P55053 Fabps 15kDa . oo o . 15
5 0X=10116 GN=Hspa8 D4A4S3 (+1)Hspa8  71KDa & 37
norvegicus 0) E9PUOL Chd4 218kDa * 9
6 GN=Rpl4 PE=1 SV=1 Q6P3Ve. 47kDa @
2us 0X=10116 GN=Hist1h1c PE=1 SV=1 ADAOG2K6S4 Histlhlc 21KDa % o SN e 19
137 [V * eMP i i gicus 0X=10116 77kDa 0.028
1383 [ & ytic ph: in PEA-15 gicus 0X=10116 15kDa 0.029
133 [V * Lamin-B1 0S=Rattus norvegicus 0X=10116 GN=Lmnb1 PE=1 5V=1 G3V7U4  Lmnbl 67kDa & 0.029
140 [V} * Large neutral amino acids transporter small subunit 1 0S=Rattus norvegicus 0X=10116 GN=Slc7a5 PE=1 SV=2 Q63016 Sic7a5  56kDa 0.030
“ M iti ic reti ATPase gicus 0X=10116 GN=Vcp PE=1 5V=3 P46462 vep 89kDa 0.030
1492 [V * 60Sril protein L13 gicus 0X=10116 GN=Rpl13 PE=1 5V=2 P41123 Rpl13  24kDa 0.030
143 [V] # 14-3-3 protein beta/alpha OS=Rattus norvegicus 0X=10116 GN=Ywhab PE=1 SV=3 P35213 Ywhab  28kDa & 0.030
144 [V * Dolichyl-diph ide--protein gly subunit 1 gicus 0X=10116 PE=25V=1 P07153 (+1) Rpn1 68 kDa 0.030
145 [V Na(+)/H(+) exchange regulatory cofactor NHE-RF1 OS=Rattus norvegicus 0X=10116 GN=Slc9a3r1 PE=1 SV=3 Q91319 Slc9a3r1 39kDa 0.030
¥ ¥ ivated RNA o ipti i p15 gicus 0X=10116 PE=15V=3 Q63396 Sub1 14kDa 0.031
147 (V] * Protein-L-isoasp: gicus 0X=10116 1PE=15V=1 AOA140TA.. Pcmt1l  21kDa 0.031
148 [V] # MICOS complex subunit MIC60 gicus 0X=10116 PE=15V=1 AOAOG2IVH4Immt  85kDa 0.031
149 [V] * Non-histone chromosomal protein HMG-17 egicus 0X=10116 gn2 PE=1 SV=2 P18437 Hmgn2 9kDa 0.031
150 [V] * Protein disulfide-i gicus 0X=10116 ia3 PE=15V=1 AOAOH2UH... Pdia3  57kDa 0.031
151 ytanoyl-CoA i ing protein-lik gicus 0X=10116 vhipl PE=1 SV=2 Q6AYN4  Phyhipl 42kDa 0.031
152 [V] * S-phase ki iated protein 1 gicus 0X=10116 kp1 PE=1SV=1 AOAOG2K4... Skpl 19kDa 0.031
153 [V] * Filamin A OS=Rattus norvegicus 0X=10116 GN=Flna PE=1 SV=1 CoIPT7 Fina 280kDa * 0.032
154 [V] * Splicing factor 3b, subunit 2 gicus 0X=10116 PE=15V=3 D3ZMS1  Sf3b2  98kDa 0.032
155 [ * 2 egicus 0X=10116 GN=Tmod2 PE=1 SV=1 P70566 Tmod2 39kDa 0.032
156 [v] * Calponin-3 0S=Rattus norvegicus 0X=10116 GN=Cnn3 PE=1 SV=1 P37397 Cnn3  36kDa & 0.032
157 [Vl 60Sril protein L14 gicus 0X=10116 GN=Rpl14 PE=1 SV=1 BSDEMS (+2)Rpl14  24kDa 0.033
158 [V] * 60Sril protein L34 gicus 0X=10116 Rpl34 PE=15V=1 B2RZD4  Rpl34  13kDa 0.033
159 kinase 1 gicus 0X=10116 gkl PE=1SV=2 P16617 Pgki  45kDa 0.033
160 [V] * Tubulin beta-5 chain 0S=Rattus norvegicus 0X=10116 GN=TubbS PE=1 SV=1 P69897 Tubbs  S0kDa & 0.034
161 [V 40Sril protein 525 gicus OX=10116 GN=Rps25 PE=2 SV=1 P62853 Rps25  14kDa 0.035
82 ¥ i in-2 gicus 0X=10116 PE=15V=1 AOAOG2ISH9Prdx2  22kDa 0.035
163 [V * Dynactin subunit 2 gicus 0X=10116 PE=15V=1 AOAOG2JU... Dctn2  46kDa 0.035
164 [ * in/nucleic acid DJ-1 gicus 0X=10116 PE=15V=1 088767 Park7  20kDa 0.035
165 [V] & Vesick i protei iated protein A gicus OX=101 pa PE=15V=3 Q9z270 vapa  28kDa 0.035
166 [V]  Nesprin 1 short isoform gicus 0X=10116 ynel PE=2 SV=1 AOASPBDHK4Synel  938KkDa 0.036
167 [V & ATP subunit e, mi i gicus 0X=10116 pSme PE=1SV=3 P29419 AtpSme  8kDa 0.036
168 [v]  Thymosin beta OS=Rattus norvegicus 0X=10116 GN=Tmsb15b2 PE=2 SV=1 P97563 Tmsbl... S5kDa 0.036
169 [V] * Gap junction alpha-1 protein OS=Rattus norvegicus 0X=10116 GN=Gjal PE=1 SV=2 P08050 Gjal 43kDa 0.037
170 V] RCG34610, isoform CRA_c 0S=Rattus norvegicus OX=10116 GN=Srsf1 PE=1 SV=1 D4AIL2 Srsfi  28kDa 0.037
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Jicus 0X=10116 GN=Gmps PE=1 SV=1 Qav7Ce Gmps. 77k0a 0.028 Rix g Rattus... . . . 9 (0)
=10116 GN=Peal5 PE=1 SV=1 QsU318 Peals  15kDa 0.0290 o8 Rattus.. ® & @ . . . © 21 9
sv=1 G3V7U4  Lmnbl 67KDz & 0.029 48  unkno.. 40 26
=Rattus norvegicus 0X=10116 GN=Slk7a5 PE=1 SV=2 Q63016 Skc7as  6kDa 0.030 $4  Rattus... ° . eve (0) 13
rvegicus 0X=10116 /cp PE=1SV=3 P46462 Vep 89kDa 0.030 Rattus.. ® & @ . e o L] . L 59 37 42
16 GN=Rpl13 PE=1 SV=2 P41123 Rpl13 24kDa 0.030 Rattus... e . L] (0) 30 31
16 GN=Ywhab PE=1 SV=3 P35213 Ywhab 28kDa & 0.030 Rattus.. ® & @ . . 26 40 45
it 1 05=Rattu PE=25V=1 PO7153 (+1) Rpn1 6802 0.030 Rattus... ° o . ° . 4B W8 8
attus norvegicus 0X=10116 GN=Slc9a3r1 PE=1 SV=3 Q91319 Sic9a3r1 39kDa 0.030 Rattus.. ® @ 8@ . . ° ° 0) 8 6
115 0S=Rattus norvegicus 0X=10116 GN: b1 PE=15V=3 Q63396 Sub1 14k0a 0.031 Rattus.. ® @ . . . L] 3 7 8
ADA140TA... Pcmtl  21kDa 0.031 unkno... (0) 7 9
AOAOGZIVHAImmE 86402 0031 unkno... 7 KL @
X=10116 GN=Hmgn2 PE=1 V=2 P18437  Hmgnz 9KDa [ 0031 Rattus... ° o @ @ ©
1116 GN=Pdia3 PE=1 SV=1 /AOAOH2UH... Pdia3 57kDa 0.031 unkno... 25 43 50
tattus norvegicus 0116 GN=Phyhipl PE=1 SV=2 Q6AYN4  Phyhipl 42kDa 0.031 Rattus... oy 1= 8
s OX=10116 GN=Skp1 PE=1 SV=1 AOAOG2K4... Skpl 19kDa 0.031 unkno... 18 (5 (0)
copT7 Fina 2280kDa 0.032 unkno... 220 ESE 69
D3ZMS1 sf3b2  98kDa 0.032 unkno... 4 7 8
P70566  Tmod2 3902 0032 Rattus.. ©©® . . . 9 @
=15V=1 P37397 Cnn3 Bkoa * 0.032 Rattus.. @ . . " 28
16 GN=Rpl14 PE=1 SV=1 BSDEMS (+2)Rpl14 24kDa 0.033 unkno... 0) sy
16 GN=RpI34 PE=1 5V=1 B2RZD4  RpB4  13kDa 0.033 unkno... (0) (5Y
116 GN=Pgk1 PE=1 SV=2 P16617 Pgk1 4skoa & 0.033 Rattus.. ® & . 19 32
=TubbS PE=1 V=1 P69897 Tubbs  S0KDa & 0.034 Rattus.. ® @ L] e o @ 65 26
16 GN=Rps25 PE=2 SV=1 P62853 Rps25 14k0a 0.035 Rattus... Ld . . . . (0) 17
ix2 PE=1SV=1 /AOAOG2ISHS Prdx2 22kDa 0.035 unkno... 20 40
Dctn2 PE=1SV=1 AOAOG2IU... Dctn2 46 kDa 0.035 unkno... 4 2
s 0X=10116 GN=Park7 PE=1 SV=1 088767 Park7 20kDa 0.035 Rattus.. @@ 8 @ . o0 osone L] e o 18 30
/A 0S=Rattus norvegicus 0X=10116 GN=Vapa PE=1 SV=3 Q9z270 Vapa 8k 0.035 Rattus... . . © . 10
GN=Synel PE=2 SV=1 ADASPBDHK4Synel 998 kDa 0.036 unkno... (0)
icus 0X=10116 GN=AtpSme PE=1 SV=3 P29419 AtpSme  8Da 0.036 Rattus... L . * o . 4
b15b2 PE: P97563 Tmsbl.. 5kDa 0.036 unkno... @
0116 GN=Gja1 sv=2 PO80SO Gja1 4308 0.037 Rattus.. @90 0e000S® o0 oo e ecsese eecsece Com
16 GH=Srsf1 PE=1SV=1 D4AOL2  Srsfl 28KDa 0037 unkno... 6




171 [ * Serine/ protein kinase PAK 2 gicus 0X=10116 PE=15V=1 Q64303  Pak2  S8kDa 0.038
172 [Vl Protein quaking 0S=Rattus norvegicus 0X=10116 GN=Qki PE=1 SV=2 Q91XU1 Qki 38kDa 0.038
173 [ & i gicus 0X=10116 P PE=15V=1 AOAOAOMY... Hsp90b1 93kDa * 0.038
174 [V 60S acidic rib | protein P2 gicus 0X=10116 Rplp2 PE=1 SV=2 P02401 Rplp2  12kDa 0.038
175 [V] * Heat shock protein HSP 90-beta gicus 0X=10116 =15V=4 P34058 Hsp90... 83kDa * 0.038
176 [V * R lated C3 toxin 1 norvegicus 0X=10116 GN=Racl PE=1 SV=1 AOAOG2KO... Racl 24kDa 0.039
177 [V * Fatty acid-binding protein, brain gicus 0X=10116 p7 PE=1SV=2 P55051 Fabp7  15kDa 0.039
178 [Vl Aly/REF export factor 0S=Rattus gicus 0X=10116 yref PE=15V=1 D3ZXH7 Alyref  20kDa 0.040
179 [ * cell i leculs regicus 0X=10116 GN=Hepacam PE=1 SV=2 D3ZEI4 Hepac... 47kDa 0.040
180 [V * Culli iated NEDD8-dissociated protein 1 gicus 0X=10116 GN=Cand1 PE=1 SV=1 P97536 Candl  136kDa 0.040
181 [V Actin, jic 1 gicus 0X=10116 b PE=1SV=1 P60711 (+1) Actb 2k * 0.040
182 protein gicus 0X=10116 PE=4 SV=1 D4A412 15kDa 0.041
183 [V 40Srib | protein 520 gicus 0X=10116 AOAOH2UH... Rps20  13kDa 0.041
184 [ * D-3 gicus OX: =3 008651 Phgdh  56kDa 0.041
185 [V + Fruct i aldolase A gicus 0X=10116 P05065 Aldoa  39kDa & 0.042
186 V]  Matrin-3 gicus 0X=10116 PE=15V=2 P43244 Matr3  94kDa 0.042
187 [Vl  Microtubule-associated protein RP/EB family member 1 gicus 0X=10116 prel PE=1SV=3 Q66HR2 Maprel 30kDa & 0.043
188 [Vl  Rab GDP dissociation inhibitor alpha 0S=Rattus norvegicus 0X=10116 GN=Gdi1 PE=1 SV=1 P50398 Gdi1 S51kDa * 0.043
189 [v]  40S ribosomal protein $14 0S=Rattus norvegicus 0X=10116 GN=Rps14 PE=2 SV=3 P13471(+1) Rps14  16kDa 0.046
190 [V]  Protein disulfide-isomerase A6 OS=Rattus norvegicus 0X=10116 GN=Pdia6 PE=1 SV=1 AOA0G2ISZ...Pdia6 49kDa 0.047
191 [V] # catalase 0OS=Rattus norvegicus 0X=10116 GN=Cat PE=1 SV=3 P04762 Cat 60kDa K 0.047
192 [V]  FUSRNA-binding protein 0S=Rattus norvegicus 0X=10116 GN=Fus PE=1 SV=1 Q5PQK2 Fus 53kDa * 0.050
193 [V 4F2 cell-surface antigen heavy chain OS=Rattus norvegicus OX=10116 GN=Slc3a2 PE=1 SV=1 Q794F9 Skc3a2  S8kDa 0.050
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|rvegicus 0X=10116 GN=Racl AOAOG2KO... Racl  24KDa 0.039 84 (0) W6 NN A3
[¢=10116 GN=Fabp7 PE=15V=2 P55051 Fabp7  15kDa 0.039 o4 . . . . 16 34 32 39
N=Alyref PE=1SV=1 D37 Alyref  20k0s 0.040 4 0 16 14 14
| 0X=10116 GN=Hepacam PE=15V=2 D3zE14 Hepac.. 47kDa 0.040 84 (0) [34W 24 i35
norvegicus 0X=10116 GN=Cand1 PE=1 V=1 PO7536  Candl 1%KDs 0040 08  Rattus. @ . e o 8 0 M2 (0
=Actb PE=15V=1 P6O711(+1) Acth  42KDa & 0.040 B4 Rattus. @00 e . oo ° °o o . 184 247 228 238
5 PE=4 SV=1 Dana12 15Ka K (0,041 B4 unkno.. © 6 A iy
16 G=Rps20 PE=3 5V=1 AOAOHZUM... Rps20 13403 0.041 08 unkno.. 4 (E85) EUE [
jicus 0X=10116 GN=Phgdh 008651  Phgdh  56KDa 0.041 $4+ Rattus.. @0 . . 1M T 74 4
DX=10116 Gli=Aldoa PE=1 P05065 Aldoa  39kDa & 0.042 $4  Rattus... . . ° o oo . 13 66 71 87
1sv=2 P43244 Matr3  94kDa 0.042 $4  Rattus.. . . . . 16 37 37 31
S=Rattus norvegicus OX=10116 GN=Hapre1 PE=1 5V=3 Q66HR2  Mapre1l 30KDa k 0043 84 Rattus.. @@ oo ece .o . 6 15 14 18
s OX=10116 GN=Gdi1 = PS0398  Gdit  S1kDa K 0.043 48 Ratts. eeee . . . . . ° 18 12 10 10
16 GN=Rps14 PE=2 SV P13471(+1) Rps14  1640a 0.046 84  Rattus.  © . . @ 9 12 10
10116 GN=Pdiat PE=1 V=1 AOAOG2ISZ..Pdia 43403 0047 48 unkno.. 702 0 O
V=3 P04762 Cat 60kDa & 0.047 °9 Rattus.. ® & & . . . . seee oo . 7 & (0) @ (0)
5 GN=Fus PE=15V=1 QsPQK2  Fus  S3K0a k| 0.050 B4 unkno.. 927 FA3 (457 (5
bis OX=10116 GN=Sic3a2 PE=1 SV=1 Q794F9 Sk3a2  53kDa 0.050 48  Rattus.. . . oo ece . o BT (58S DU (I
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APPENDIX C: LIST OF ANOVA SIGNIFICANT PROTEINS AND FOLD CHANGES IN
DAY 3 AND 7 GROUPS
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# | 2| & Identified Proteins (1233/1235) g E g lElgs 3
1 [l #* Histone cluster 1 H1 family member d 0S=Rattus norvegicus 0X=10116 GN=Hist1h1d PE=1 SV=2 MOR7B4 Histth.. 22kDa * <0.. @O0
2 V] + mi ial 2 /malate carrier protein gicus OX=10116 11 PE=1SV=1 G3V6HS Skc25a... 34kDa <0.. $84
3 [Vl * Adducin 1 (Alpha), isoform CRA_b 0S=Rattus norvegicus 0X=10116 GN=Add1 PE=1 SV=1 AOAOG2JS.. Add1  80kDa <0.. SO00
4 [V] # 3-ketoacyl-CoA thiolase, mitochondrial 0S=Rattus norvegicus 0X=10116 GN=Acaa2 PE=1 SV=1 P13437 Acaa2  42kDa 0§84
5 [v] + NIF3-like protein 1 gie =101 PE=1SV=1 Q4V7D6 (+1)Nif3l1  42kDa <0.. $¢4
6 vl ione S Mul gicus 0X=10116 PE=15V=2 P04905 Gstmi 26kDa & <0.. O
7 [Vl * Histone H1.4 OS=Rattus norvegicus 0X=10116 GN=H1-4 PE=1 SV=3 P15865 H1-4 2ka * Ko $O0
8 [¥] 10 kDa heat shock protein, mit i gicus 0X=10116 pel PE=15V=3 P26772 Hspel 11kDa & 000.. 44
9 [Vl * 14-3-3 protein beta/alpha 0S=Rattus norvegicus OX=10116 GN=Ywhab PE=15V=3 P35213 Ywhab 28kDa & 000.. {4
10 [V] * Histone H2A type 1-C OS=Rattus norvegicus OX=10116 PE=1 SV=2 POC169 1402 * 000= P40
1 W * c protein V jicus 0X=10116 GN=Cenpv PE=1 SV=3 D4A9A3 Cenpv  28kDa 000.. $48
12 V] * ized protein gicus 0X=10116 PE=4 SV=1 D4Ad12 15k & 000.. &4
13 ) ione S alpha 4 gicus 0X=10116 PE=25V=1 AUMW1  Gstad 26kDa & 0.00. JF4
14 V] * Gap junction alpha-1 protein 0S=Rattus norvegicus OX=10116 GN=Gja1 PE=1 SV=2 P080S0  Gjal 43k 000.. B84
15 [V * T-complex protein 1 subunit beta 0S=Rattus norvegicus OX=10116 GN=Cct2 PE=1 SV=3 QSXIM9  Cct2 5702 000 088
16 [Vl  Sarcoplasmic/endoplasmic reticulum calcium ATPase 1 gicus 0X=10116 1PE=15V=1 Q64578 Atp2al 103kDa * 0.00.. BTG
17 [Vl * Histone H1.5 0S=Rattus norvegicus 0X=10116 GN=H1-5 PE=1 SV=1 D3ZBNO H1-5 23kDa & 000.. P40
18 Vi ione S P gicus OX=10116 tpl PE=15V=2 P04906 Gstpl  23kDa 000.. B84
19 [l + Filamin A 0S=Rattus norvegicus 0X=10116 GN=Flna PE=1 SV=1 COIPT7 Fina 280kba * 0.00.. JOO
20 [/ * Chaperonin containing Tcp1, subunit 6A (Zeta 1) 0S=Rattus norvegicus 0X=10116 GN=Cct6a PE=1 V=1 Q3MHS9  Cctéa  Bka & 0.00. (G8&
21 [¥] * Catenin (Cadherin associated protein), alpha 1 0S=Rattus norvegicus 0X=10116 GN=Ctnnal PE=1 SV=1 Q5U302  Ctnnal 100kDa * 0.00.. 8%
22 [Vl * 605 ril protein L13 gicus 0X=10116 GN=LOC: PE=35V=1 D3ZRM9 LOC10... 24kDa 0.00.. J440
23 [Vl + Enhancer of mRNA protein 4 gicus 0X=10116 GN=Edc4 PE=1 SV=1 Q3zAV8 Edc4 153kDa 000.. JO440
24 V] + 60s acidicril protein P2 gicus OX=10116 Rplp2 PE=1 SV=2 P02401 Rplp2 12kDa 000.. J440
25 ¥l # ATP synthase membrane subunit DAPIT, mitoch: ial jicus 0X=10116 p! PE=15V=1 Q91IW3 AtpSmd  6kDa 000 $440
% [Vl * PDZ and LIM domain protein 4 gicus 0X=10116 PE=15V=2 P36202 Pdlima  36kDa 000 $84¢
27 [4 * 60 acidicri protein P1 gi =10116 sv. P19944 Rplpl  11kDa 000 $O4
3 W * igration inhibitory factor jicus OX=10116 GN=Mif PE=1 SV=4 P30904 Mif 12kDa 000.. $40
2 [l # LIM and SH3 domain protein 1 0S=Rattus norvegicus OX=10116 GN=Lasp1 PE=1 SV=1 Q99MzZ8 Laspl  30kDa 000.. $F4
30 V] * Far le binding protein 3 gicus OX=10116 GN=Fubp3 PE=1 SV=1 G3v829 Fubp3 61kDa & 0.00.. 44
31 [Vl * Nuclear mitoti protein 1 gicus 0X=10116 1PE=15V=2 FILWO1 Numal 227kDa  000. S48
2 ¢ gicus 0X=101 gln PE=1SV=2 P31232  Tagh  23k0a 000 088§
33 v y yl-CoA i ing protein-lik icus 0X=10116 yhipl PE=1 5v=2 Q6AYNA Phyhipl  42kDa 000.. $8O
34 [Vl * Ri binding protein 1 norvegicus 0X=10116 GN=Rrbp1 PE=1 SV=3 F1M853 Rrbpl  158kDa 000.. $&O
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FHist1h1id PE=1SV=2 MOR7B4 Histih.. 22kDa & <0.. unl ©) 9 187 175 196 180 183 172
0X=10116 GN=Sk25a11 PE=1 SV=1 G3V6HS Slc25a... 34kDa <0.... unkno... o (0) 0) (0) 230 Fe2yn 2y
11PE=15V=1 ADA0G2S... Add1 80kDa. <0 unkno... o (O L 10 12 13 13
1=Acaa2 PE=1SV=1 P1343; Acaa2  2kDa <0.... Rattus.. ©® ® . * o L] @ O © @© (0 4 5 5
Q4V7D6 (+1) Nif3l1 42402 <0... Rattus.. @ & & . 8 ee © (@ (0 (0 (0) FE¥N NS NEy
1PE=15V=2 P04905 Gstm1  26kDa & <0.. Rattus... . . . . © (0) (0) 2N NN 23N W27 N30
P15865 H1-4 2kDa & KO Rattus.. ® @ . . © 11 206 196 222 210 244 200
GN=Hspe1 PE=15V=3 P26772 Hspel  11kDa & 0.00. Rattus... . . © (0 18 18 13 2 24
1sv=3 P35213 Ywhab 28kDa & 0.00.. Rattus.. ® o ® . @n 21 35 34 36 3 33 35
POC169 14k0a & 0.00. Rattus... L] . 18 25 75 83 84 75 68 63
=3 D4AIA3 Cenpv  28kDa 0.00... unkno... ©  (© N 5 (0) 0) 0)
DaA412 15kDa & 0005 unkno... © (@ (0 ) (0) 4 [E )
AUMW1  Gstad %6ka & 000 unkno... © N2am 0 (0 W2 e 12 10
PO80S0 Gjal 43kDa 0.00... Rattus.. @00 00@O0S® 00 oo e esese eescee * (0) N @ (o) (0) W23%W W3y 28
= Q5XIM9 Cct2 57kDa 0.00.. Rattus.. © @ ® L) . o . . 160 1200 L@ e (o) (0) (0) )
lus 0X=10116 GN=Atp2al PE=1SV=1 Q64578 Atp2al 109kDa & 0.00. Rattus.. @& ® . . . . (0) (0) (0) (0) (0) 23 T3y
D3ZBNO H1-5 23kDa & 0,00 Rattus.. ® & @ . 14 12 104 102 140 130 140 137
=15v=2 P04906 Gstpl 23kDa 0.00... Rattus.. ©® @@ oo . . o o A8 CA7E 90T CAGN E9271 5250 20T EoF
COIPT7 Fina 280kDa * 000 unkno... 13 17 35 32 37 4 49 54
110116 GN=Cct6a Q3MHS9 Cct6a s8kba & 000 unkno... 18 17 (L} 6 5 ©) ) ©)
D116 GN=Ctnnal Q5U302 Ctnnal  100k02 * 0,00 unkno... “ 7 (0) (0) 0) (0) 0) (0)
1491 PE=3 SV=1 D3ZRM9 LOC10... 24kDa 0.00... unkno... © (0 W20 w29 25 24 18 24
I=Edc4 PE=1SV=1 Q3zAVE Edcd 153k0a 0.00... Rattus.. ® @ 0) (0 3N T 7 A7 43 12
|PE=15V=2 P02401  Rplp2  12k0a 000 Rattus.. © © . . 23 22 50 54 49 49 50 58
us 0X=10116 GN=AtpSmd PE=1 SV=1 Q91IW3 AtpSmd  6kDa 0.00... Rattus... (U} ) 10 7 6 6
2 P36202 Pdlim4 36 kDa 0.00... Rattus.. ©® @ & . o o . © (O @ (0 ) 10 12 15
Rattus.. ©® @ . . . © (0 N8 14 13 16 14 14
Rattus.. ® @ @ . oo . . © (0 3N M2 9 2 n 13
Rattus... . . . (O 0) T sy 9 9 10
unkno... ©) 3 15 A5% L4925 SAY " 13
unkno... 0) 4 20 20 12
Rattus... m 4 ) () ) (0) (0) (0)
Rattus... 0) (0) (0) (0) 5
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1sv=1 AOAOH2UH... Rabsa 2403 % 0.00.. (0)  NE2E R S
ph11 PE=4 SV=3 E9PU24. Dnah11 516Kz 0.00. (0) (0) (0) [NAWN 3N ey
P02769 A 63103 K 0.00. . ° . B . 80 91 8 83
=Rem1 PE=15V=1 QsU20s  Rem1 002 000w © © © O
sv=2 P16617 Pgki  45kDa & 0,00 E26H B25E EXE N
D116 GN=Tdh1 PE=1SV= Pa1se2  1dh1 KOs 0.00n . 2N 0 (@
3 3 Q62658 Fkbpla 1202 000 oo . . ece O A R 7
pa3 PE=15V=: P18422(+1) Psma3 28102 0.00. . (0) WSS IS e
6 GN=Ecil PE=1SV=1 P23965 (+1) Eci1 32602 & 000 . . EE EEE B |
97563 Tmsbl. SKDa  000.. SN 0 T
=15v=2 Pa7727  Cbr1  31K0s * 0.00n Rattus..  ® @ °e ssee o °e o o . o © O
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6 [V + Lami 2 ide 2, isoform beta gicus 0X=10116 GN=Tmpo PE=1 SV=3 Q62733  Tmpo  S0kDa 0.00...

70 V] * Sodium/potassium-transporting ATPase subunit alpha-2 gicus 0X=10116 tpla2 PE=1SV=1 P06686 Atpla2 112kDa & 000.. $F4O
71 [V ~ ADP/ATP 1 gicus 0X=10116 GN=Slc25a4 PE=1 SV=1 Q6P9Y4 Sic25a4  33kDa & 000.. $J4
72 [ i gicus OX=10116 PE=15V=1 AOAOH2UH... Rtn3 28kDa 000 S04
73 [Vl # UTP20 small subunit gicus 0X=10116 p20 PE=1 SV=3 F1LXT3 Utp20  317kDa 0012 $&4
74 [ & Mi iated protein 4 gicus 0X=10116 p4 PE=15V=1 QSM7WS  Mapd 110kDa * 0012 JJO
75 V] * Breast carci 1 homolog gicus 0X=10116 PE=1SV=1 AOAOG2K079Bcasl  38kDa # 0013 $&4O
76 [V] # Thymosin beta-10 OS=Rattus norvegicus 0X=10116 GN=Tmsb10 PE=1 SV=2 P63312 Tmsb10 Skda * 0013 $4&
77 [V * Erythrocyte membrane protein band 4.1-like 2 gicus 0X=10116 pb4112 PE=15V=3 D3ZDT1  Epbd1l2 103kDa * 0013 $PO
78 [Vl # 60S ribosomal protein L24 gicus 0X=10116 Rpl24 PE=2 SV=1 P83732 Rpl24 18kDa 0013 $44
» [l + splicing factor 1 0S=Rattus norvegicus 0X=10116 GN=5f1 PE=1 SV=2 FILSC3 sf1 68kDa 0013 48
80 [Vl # N-myc downstream regulated gene 2, isoform CRA_b OS=Rattus norvegicus 0X=10116 GN=Ndrg2 PE=1 SV=1 AOA0G2JS... Ndrg2  39kDa 0015 O8O
81 [V}  Brain acid soluble protein 1 gicus OX=10116 p1 PE=15V=2 Q05175 Baspl 22kDa & 0015 JOO
82 W * c in-2 gicus 0X=10116 GN=Cplx2 PE=1 SV=1 P84087 Cpix2  15kDa 0015 J48
83 [Vl # RCG34610, isoform CRA_c OS=Rattus norvegicus OX=10116 GN=Srsf1 PE=1 SV=1 D4A9IL2 Srsfl 28kDa 0015 $44
84 ™ % nuclear ri in H gicus 0X=10116 phi PE=1 AOAOG2JTG7 Hnrnphl 49kDa * 0016 &§
85 W« nuclear rib in A3 gicus OX=10116 pa3 PE Q6URK4 Hnrnpa3 40kDa * 0016 3§
86 [Vl * Glutamine synthetase OS=Rattus norvegicus 0X=10116 GN=Glul PE=1 SV=3 P09606 Glul 42kDa 0016 $40
87 vl « ATP protein 8 egicus 0X=10116 GN=ATP8 PE=3 SV=1 Q5UAIS ATP8 8kDa 0017 40
88 V] * RALYh nuclear rib i gicus 0X=10116 ly PE=15V=2 E9PTI6 (+1) Raly 33kDa o001 S48
89 [V] * Vimentin 0S=Rattus norvegicus 0X=10116 GN=Vim PE=1 SV=2 P31000 vim s4kDa « 0,018 TG
30 [V * Proteasome subunit beta type-1 gicus 0X=10116 PE=15V=3 P18421 (+1) Psmb1  26kDa 0o01e 44
91 [V + Matrin-3 gicus 0X=10116 PE=15V=2 P43244 Matr3  94kDa 0.019

92 [Vl + Neural cell adhesi lecule 1 gicus 0X=10116 1PE=1SV=1 P13596 Ncam1 95kDa 0019 §&4
93 [V] * Heat shock cognate 71 kDa protein gicus 0X=10116 pa8 PE=3 SV=3 D4A4S3 (+1)Hspa8  71kDa # 0023 $O 40
94 [V} + 60S ribosomal protein L19 gicus 0X=10116 Rpl19 PE=1 SV=1 P84100 Rpl19  23kDa 0023 $94O
95 [V * 605 ribosomal protein L7a gicus 0X=10116 Rpl7a PE=4 SV=2 F1M013 Rpl7a 30kba * 0023 $FJO
9% [V Sodium/potassium-transporting ATPase subunit alpha-1 gicus 0X=10116 tplal PE=15V=1 P06685 Atplal 113kDa * 0024 $§4
97 [Vl Plectin 0S=Rattus norvegicus 0X=10116 GN=Plec PE=1 SV=1 Q6S3A0 Plec 534kDa & 0024 O8O
98 ™ * in-12 gicus 0X=10116 GN=Stx12 PE=1 SV=1 AOAOG2IVB6 Stx12  32kDa 0025 $I4
99 ™ * idase/L i gicus 0X=10116 gl1 PE=15V=1 Q8VId Asrgll  34kDa 0027 $84
100 [V] * Transcription intermediary factor 1-beta OS=Rattus norvegicus 0X=10116 GN=Trim28 PE=1 SV=2 008629 Trim28  89kDa 0027 $08
101 [v] + Cleavage and polyadenylation specificity factor subunit 5 gicus OX=10116 1 PE=25V=1 B4F764 Nudt21  26kDa 0027 JO0
102 [Vl * Proteasome subunit alpha type-1 0S=Rattus norvegicus OX=10116 GN=Psma1 PE=1 SV=2 P18420 Psmal  30kDa 0027 44
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ADADG2IVB6 Stx12 32kDa 0.025 unkno... (0) (0} 0 ) 0) 7 5 @
Q8VIOd. Asrglt  34kDa 0.027 Rattus... Ld m (0) (0) 0) {vil 10 8
=2 008629 Trim28 89kDa 0.027 Rattus... oo ee oo L] . . 18 10 25 35 38 17 2 23
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73

103 [V]  Clathrin light chain 0S=Rattus norvegicus 0X=10116 GN=Clta PE=2 SV=1 Q5PPP1 Cita 24kDa 0027 $O8
104  [V] + Aldo-keto reductase family 1 member B1 gicus 0X=10116 PE=15V=3 P07943 Akrib1 36kDa 0022 J$I4
105 [V  Actin, alpha skeletal muscle 0S=Rattus norvegicus 0X=10116 GN=Actal PE=1 SV=1 P68136 Actal 42kDa & 0029 JOO
106 [V * i gicus 0X=10116 pm1 PE=1SV=1 P13084 Npm1 33kDa 0020 JOT
107 [ & nuclear ril in F gicus 0X=10116 pf PE=1 SV=3 Q794E4 Hnrpf  46kDa 0029 88
108 [ * ide di [Cu-Zn] gicus 0X=10116 PE=15V=2 P07632 Sod1 16kDa 0029 88
109 [V * Vinculin 0S=Rattus norvegicus 0X=10116 GN=Vcl PE=1 SV=1 P85972 vd 117kDa 0030 88
110 [V * Protein-L-isoasp: th gicus 0X=10116 1 PE=15SV=1 AOA140TAB9Pcmt1  21kDa 0030 $440
11 [V * 60Sril protein L11 .gicus OX=10116 GN=Rpl11 PE=1 SV=2 P62914 Rpl11  20kDa 0031 438
112 [V * Leucine-rich repeat ining 47 gicus OX=10116 GN=Lrrc47 PE=1 SV=2 FILT49 Lrrca7  64kDa 0031 $84
113 [v] * Protein disulfide-i A3 gicus 0X=10116 GN=Pdia3 PE=1 SV P11598 Pdia3 57kDa 0032 J40
114 [Vl * ARVCF, delta catenin family member 0S=Rattus norvegicus 0X=10116 GN=Arvcf PE=1 SV=1 B4F7F3 Arvcf  105kDa 0033 B84
115 [Vl  Heterochromatin protein 1-binding protein 3 gicus 0X=10116 p1bp3 PE=1SV=1 Q6P747 Hpibp3 61kDa 0034 J$&O
116 [Vl * Acidic (Leucine-rich) nuclear phosphoprotein 32 family, member A gicus 0X=10116 p32a PE=2 SV=1 QSPPHY Anp32a 20kDa & 0035 8
17 ™ * nuclear ril in D-like gicus 0X=10116 pdl PE=1 SV=1 Q3SWU3  Hnrnpdl 35kDa & 0.038 SO
18 [ & i i gicus 0X=10116 PE=1SV=3 035244 Prdx6  25kDa 0038 4G4
119 [Vl * Acyl-CoA-binding protein 0S=Rattus norvegicus 0X=10116 GN=Dbi PE=1 SV=3 P11030 Dbi 0koa * 0,040 G$J4
120 [v] + Ras-related (3 toxin 1 gicus 0X=10116 PE=15V=1 AOAO0G2KO... Racl 24kDa 0040 P40
121 [V + Similar to RIKEN cDNA gicus 0X=10116 PE=15V=1 D3zY47 RGD15... 36kDa 0040 JJO
122 [V * Mitochondrial import receptor subunit TOM22 homolog OS=Rattus norvegicus 0X=10116 GN=Tomm22 PE=1 SV=1 Q75Q41  Tomm.. 15kDa 0041 SPO
123 [V] * Proteasome subunit alpha type OS=Rattus norvegicus OX=10116 GN=Psma5 PE=1 SV=1 Q6P9IVE Psma5 26kDa 0042 JO40
124 [V]  Protein disulfide-i gicus 0X=10116 PE=15V=2 P04785 Pahb 57kDa 0043 B4
125 [V * mutase 1 gicus 0X=10116 'gam1 PE=1 SV=4 P25113 Pgam1 29kDa * 0043 P44
126 [V * in alpha gicus 0X=10116 PE=15V. P06302 Ptma 12kDa 0045 4GO89
127 [ * i i gicus 0X=10116 GN=Fkbp3 G3V6L9 Fkbp3  25kDa 0046 GO0
128 [ * nuclear ril in DO gicus 0X=10116 pd PE=1 SV=2 Q93354 Hnrnpd  38kDa 0048 OO9
“ y

© Mi d protein gicus 0X=10116 p2 PE=15V=3 F1LNKO Map2 211kDa & 0049 P40
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