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Cysteine residues perform many essential cellular functions, including nucleophilic and
redox catalysis, metal coordination, structural stabilization and cellular protection.
Cysteine-related mutations are oftentimes related to diseases due to the amino acid’s
functional importance. This has led cysteine to become a focus of small molecule drug
discovery. A comparison of the cysteine proteome of diseased cells versus healthy cells
can elucidate novel cysteine residues that play an important role in progressing the disease
state. Two disease models were chosen to be the focus of this proteomic study; breast
cancer through the human epithelial MCF10 progression series and immunoactivation
through the Raw 246.7 mouse macrophage cell line. Comparative proteomics with mass
spectrometry revealed several changes within the cysteine proteome when the cells were
diseased. Some cysteines had changes in reactivity, most likely indicating a loss or gain of
a modification or disulfide bond. Other cysteines showed increased labeling due to an
increase in the overall expression of the protein encompassing the cysteine residue. Further
follow-up of an interesting hit from the Raw cell comparison, immune responsive gene 1
(IRG1), was conducted. IRG1 produces itaconate from cis-aconitate under inflammatory
conditions, disrupting the citric acid cycle. IRG1 was confirmed to have increased
expression following activation of the macrophage cells by lipopolysaccharides. It was also
successfully recombinantly expressed in and purified from Escherichia coli for use in an

activity assay to determine if the cysteine labeled in the mass spectrometry experiment is



essential for the protein function. With additional knowledge of cysteines that help progress
disease states, new small molecule inhibitors can be developed to target these cysteines

and impede the function that is beneficial for the disease.
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1.0 CHAPTER 1: CYSTEINE PROFILING IN CANCER AND THE IMMUNE

RESPONSE

1.1 INTRODUCTION

Cysteine is one of the 20 natural amino acids that are the building blocks for
proteins. Cysteines, which contain a reactive thiol, often play major roles in protein
function and stability. This unique amino acid has nucleophilic properties, can form
disulfides with other thiols and can be reversibly oxidized to an extent. Due to their
reactivity, cysteines are also susceptible to a wide variety of post-translational
modifications, which can further attune the protein’s function. Cysteines are often highly
conserved residues, suggesting that they were harnessed in early evolution to support
protein structure and activity. They are also widespread throughout proteomes, with most
proteins containing at least one cysteine residue.! Though often conserved residues,
eukaryotic proteomes only have about a 1.9% cysteine composition, indicating that this
amino acid is only incorporated when it is truly essential.” The critical roles and distinctive

properties of cysteine make it appealing to study from a proteomics perspective.
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Figure 1-1. Functional roles performed by cysteine residues.’

Reactive cysteines have several known cellular functions, as illustrated in Figure 1-
1. A common functional role of cysteine is as a catalytic nucleophile. Cysteine is the only
amino acid with a thiol, which makes its nucleophilic reactivity very unique. An example
of a catalytic cysteine is in arginine deaminase, which uses active site Cys406 to catalyze
the hydrolysis of L-arginine to citrulline. It is proposed that the cysteine binding to the
electrophilic carbon on arginine mediates the displacement of an ammonia, which is a

crucial step for the formation of citrulline.*
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Figure 1-2. Cysteine acting as a catalytic nucleophile in the hydrolysis of arginine.*

Cysteines can also catalyze redox reactions, such as radical transfer in the RNRase family.
Fe-dependent RNRases in E.coli generate radicals on a cysteine residue by transferring an
electron to the catalytic tyrosine. The thiyl radical is reduced by an electron from the
ribonucleotide substrate, which allows the synthesis of the deoxyribonucleotides to
proceed.> Not all cysteines have catalytic functions on their own; some cysteines require
modifications in order to become catalytic, such as metal coordination.’

Cysteines participate in metal coordination to promote protein stability, function or
regulation. Cysteine can coordinate stably with several transition elements including zinc,
iron and copper.! The most common coordination involves cysteine and iron in varying
ratios ([Fe2S2], [Fe3S4] and [FesS4]). These iron-sulfur complexes are found in more than
120 classes of proteins. The clusters bring a new function of regulating one-electron redox
processes to the proteins involved.® Radical SAM enzymes are an interesting subset of iron-
sulfur proteins. In this enzyme family, a motif containing three cysteines coordinate three
of the four irons in the cluster. The fourth iron is coordinated by an S-adenosyl-L-
methionine (SAM) molecule, which is then cleaved by the enzyme into a methionine and

a 5'-deoxyadenosyl radical, a powerful oxidant.’
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Figure 1-3. Cysteine-coordinated iron-sulfur complex participating in radical reaction with

a SAM molecule.’

The electron needed for this radical reaction is provided by the essential [Fe4S4]'* cluster.
Another electron from an outside source is then needed to reduce the newly formed
[FesS4]*" cluster.” Without the coordination of metal complexes by cysteines, many
proteins would not be able to perform their intended functions.

Protein folding mostly occurs in the endoplasmic reticulum, which is a highly
reducing environment. For proteins that require disulfide bonds for proper folding, this
ensures that the cysteines are available (not oxidized by other cellular components) to form
a disulfide pair. The most common enzymes that control the formation and reduction of
disulfide bonds are the members of the protein disulfide isomerase family (PDI).!° These
oxidoreductases are able to form disulfide bonds by transferring them from their own

cysteine residues.!!
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Figure 1-4. Protein disulfide isomerase transfers its disulfide bond to proteins in the

endoplasmic reticulum.!!

Disulfide bonds are essential to proper protein folding, as they often stabilize the folded
state of the protein over the unfolded state as well as align the residues in the correct
formation.'? Structural disulfides can be essential for the structure-activity relationship of
a protein; if a protein is not folded correctly it may have disrupted functionality. Redox
active disulfides, however, directly regulate protein activity in response to cellular
conditions. Exposure to reactive oxygen species (ROS) can oxidize protein thiols which
can then interact with nearby intra- or inter-molecular thiols to form a disulfide bond. These
non-native disulfide bonds can limit protein activity under oxidative stress conditions. '
Several reports have discussed an intermolecular disulfide bond in GAPDH between the
active site cysteine and an adjacent cysteine that forms upon exposure to various oxidizing
agents. This disulfide reversibly inactivates the GAPDH by preventing binding of the
active site to the substrate. The inactivation of GAPDH, in turn, regulates the glycolysis
pathway in response to the presence of oxidative stress.!* Many proteins rely on
successfully formed disulfide bonds in order to fold properly and thus be able to perform
their function. Disulfides bonds are also essential for cells to regulate their responses to

oxidative stress.



Cysteine post-translational modifications, illustrated in Figure 1-5, are a way to add
or remove functionalities from cysteine-containing proteins. As mentioned above,
cysteines are susceptible to oxidation by reactive oxygen species due to their
nucleophilicity. Oxidation of cysteines by ROS is a way for the cells to respond to oxidative
stress. The function of this oxidation is often protective; proteins can deplete the reactive
ROS molecules, which prevents oxidative damage of other cellular components. The
oxidation reactions can also participate in redox signaling cascades, which can initiate more
downstream stress responses.'> S-palmitoylation is a cysteine modification where the thiol
is acylated with palmitic acid (C16:0). This acylation can occur with longer chain or
unsaturated fatty acids as well, but palmitic acid is the most common acylation
modification. The central function of this modification is to serve as a membrane targeting
mechanism; fully formed and folded proteins that are destined for the membrane will
receive this modification and the protein will be trafficked to the lipid bilayer. A less well-
studied function of S-palmitoylation is its role in cell differentiation. There are several
examples of synaptic genes encoding for S-palmitoylated proteins in cells that are destined
to become neurons. These proteins are often essential for neuronal development and
function, including neurotransmitter receptors and transporters. The variation in S-
palmitoylation composition across cell types assists in differentiation during
development.'¢ Post translational modifications can add new functionalities to proteins in

response to outside stressors and they can assist with the canonical protein activity.
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Figure 1-5. Variety of post-translational modifications of cysteines that can further alter

the structure or function of a protein.!’

The significance and flexibility of cysteine residues also make them noteworthy in
several diseases. Parkin (PARK2), which is an E3 ubiquitin ligase, can be inactivated by
sulfonlyation or S-nitrosylation of cysteine residues. These modifications prevent PARK2
from performing its vital function of degrading misfolded proteins, which leads to
accumulation of these proteins, neuronal cell death and, eventually, the development of
Parkinson’s disease.'®!” Interestingly, some diseases, particularly cancer, are influenced
by mutations where a protein gains a non-canonical cysteine. The frequency of these
mutations in cancer cases indicate that the acquired cysteines play a role in tumorigenesis.
Fibroblast growth factor receptor 3 (FGFR3) is among the proteins that most commonly
express a “gain of cysteine” mutation in cancer.’’ A tumor sequencing study found that

S249C was the most frequent missense mutation. This mutation leads to the formation of



anew intermolecular disulfide bond in the receptor, which increases homodimerization and
downstream signaling to encourage cancer cell proliferation.?! The frequency with which
cysteines influence diseases, whether through noncanonical modification or change in
protein activity due to an acquired cysteine, have led them to be considered more as novel
targets for therapeutics.

The nucleophilicity of cysteine residues makes them excellent targets for
electrophilic small molecule therapeutics, in particular. Proteins with “gain of cysteine”
mutations already have several examples of small molecules that target the acquired
cysteines. The small molecules can be tailored to specifically target the acquired cysteine
so that they don’t target other thiols on the protein or the wildtype protein. An example is
the oncoprotein KRAS mutation G12C, which causes the protein to favor GTP over GDP.
This mutation is seen commonly in Ras-driven lung adenocarcinomas.?’ A covalent
inhibitor of this acquired cysteine was able to be developed. The inhibitor irreversibly
bound to the G12C mutation and inhibited the activity of the mutant protein while having
no effect on the wildtype protein.?? EGFR inhibitors offer some examples of small
molecules that target canonical, but non-catalytic, cysteines. Inhibition of EGFR is
therapeutically relevant because it can lead to apoptosis of tumor cells that are
overproducing the protein kinase. Some small molecule drugs, such as afatinib, target this
protein kinase, whose dysregulation due to mutations is indicative of aggressive tumors
and poor prognosis in cancer patients, at sites other than cysteine. These drugs have shown
clinical success for non-small cell lung cancer treatment. However, their reversible
interactions can lead to decreased efficacy once the drug falls off the target and resistance

due to new point mutations. Novel small molecule N-(3-(3-phenylureido)quinoxalin-6-yl)



acrylamide derivatives were designed to irreversibly bind Cys797 of EGFR and they have
had promising inhibitory effects so far on several tumor cell types.?? Cysteine-targeting
therapeutics are attractive, because they can be engineered to target cysteine specifically
and covalently bind to the nucleophilic amino acid.

In conclusion, cysteines have a wide variety of important functions related to
protein activity and structure, despite being one of the least incorporated amino acids. They
are also susceptible to post translational modifications, which can alter or eliminate protein
function. There exists substantial evidence that cysteine mutation, incorporation or
modification can lead to the progression of several diseases. This has resulted in a larger
focus on identifying and studying cysteines that contribute to the disease state as well as a
burst of cysteine-targeting therapeutics.

It stands to reason that if a cysteine can be identified as playing a significant role in
advancing a disease, then it would also potentially be a suitable target for new small
molecule inhibitors, which could have therapeutic effects. To explore this concept, two
disease models were probed for disease-relevant cysteines that would be appropriate
candidates for inhibitor development.

The first step for this process is to identify therapeutically relevant cysteines to
target. The two disease models that were chosen to undergo comparative proteomics were
breast cancer, through the human MCF10 progression series, and immunoactivation,
through the Raw 246.7 mouse macrophage cells. The MCF10 progression series was
derived from benign breast tissue to first create an immortalized, non-tumorigenic breast
tissue cell line; the MCF10A cells.?* From MCF10A cells, the pre-malignant MCF10AT

cell line was established. These cells were created through the transfection of the oncogene



HRAS into MCF10A cells. The MCF10A cells produce lesions and exhibit characteristics
of the beginning stages of proliferative breast disease in mice.”> The fully malignant
MCF10CA1a cell line, which is capable of metastasis, was produced through continuous
passage and transplantation of the MCF10AT cells until they produced full carcinomas.
Given that all three cell lines are derived from the same genetic source, a more direct
comparison between diseased and healthy cells can occur without having to account for
initial genetic variation.? Analysis of the genetic or proteomic profile changes across the
progression of the cancer can lead to a better understanding of breast cancer development

and the genes and proteins that participate.

Day 6

MCF-10A

MCE-10AT |

MCF-10CA1a

Figure 1-6. Cell culture comparison of the MCF10 progression cell line. MCF10A, the
non-tumorigenic breast tissue cells, show the most typical morphology. The fully
malignant MCF10CAla cells show the morphological characteristics associated with

tumor cells.?’
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Another cell line that allows for the direct comparison of diseased and healthy cells
is the Raw 246.7 mouse macrophage cell line. This cell line originated from the Abelson
leukemia virus transformed cell line derived from BALB/c mice. These cells are capable
of phagocytosis and pinocytosis. The macrophages can be activated by the addition of
lipopolysaccharides (LPS) to simulate an infection. This activation causes the macrophages
to accumulate lipids, increase phagocytosis and gain the ability to kill target cells by
antibody dependent cytotoxicity. The activated cells also produce large quantities of
inducible nitric oxide synthase (iNOS), which can be used as a biomarker for successful
activation.”®?3% The activated Raw cells can be directly compared to their inactive
counterparts from the same source. This again allows for a comparison without concern for
initial genetic variability and can lead to insights about changes in the genetic and

proteomic profile once the immune system is stimulated.
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IFN- Y/LPS \ hormones
7 1L-4/1L-13 —
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Killing and encapsulated
1 1 parasites |
I T
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Figure 1-7. Methods for stimulating monocytes to trigger the inflammatory and immune

response. Activation by LPS generates M1 macrophages, which have cellular defense

activity, produce cytokines and prompt the immune system.>!
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Comparison of cysteine availability between healthy and diseased proteomes can
be used to determine which cysteines play roles in diseases. Identification of these changes
can lead to a better understanding of the disease proteomes. It can also reveal if cysteine
modifications, disulfide bonds or the proteins themselves are necessary for the diseased
cells to thrive. Methods for detecting, identifying and comparing labeled cysteine residues
in two samples using isotope labeling and mass spectrometry have been developed;
isotopic Tandem Orthogonal Proteolysis-Activity-Based Protein Profiling (isoTOP
ABPP). Available cysteines are covalently labeled with isotopically tagged iodoacetamide
alkyne (diseased sample typically labeled with the light isotope tag). The alkyne handle is
then used for “click chemistry” to attach a biotin handle for use in sequestration of labeled
proteins. The isolated proteins are cleaved into peptides by trypsin and the samples are
analyzed by LC/LC-MS/MS to annotate the labeled cysteines.>>**3 This analysis allows

for a direct comparison of the cysteine labeling in two different samples.
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light and heavy. Differences in labeling due to cysteine availability changes between the

two samples are detected by the mass spectrometer.

Some small molecule inhibitor research has been conducted already on these two
model systems. Signal transducer and activator of transcription 3 (STAT3) is a
transcription factor that is activated in many cancers. An anti-inflammatory natural
product, curcumin, derived from turmeric, has been shown to inhibit STAT3 in the MCF10
cell line. It was elucidated that the natural product targets Cys259 on STAT3. This
interaction inhibits STAT3 signaling, which results in restriction of tumor cell growth and
apoptosis.® Artemisolide, an NF-kB inhibitor isolated from the Artemisia asiatica plant,
inhibits immune activation by LPS in Raw 246.7 cells. The target of this natural product
was revealed to be Cys179 of IkB kinase B (IKKp). This drug molecule has potential
therapeutic benefits for NF-kB-dependent inflammatory disorders.*® Although cysteine-

targeting therapeutics exist for these two disease systems, there is no evidence of rational
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drug design based on reactive cysteine proteomic data to determine the best cysteine targets
for new inhibitors. The overall objective of this study is to initiate rational drug design by
first identifying novel cysteine residues that play an influential role in breast cancer and
the immune response by isoTOP ABPP and determine if they are suitable candidates for

small molecule inhibitor development.

1.2 RESULTS AND DISCUSSION

1.2.1 Identification of upregulated and reactive cysteine residues

A protocol was designed for measuring cysteine availability differences between
the diseased and healthy proteomes using the isoTOP ABPP protocol, seen in Figure 1-9.
An increase of availability of a cysteine in diseased proteome could indicate a loss of a
modification, breaking of a disulfide bond or an increase of the cysteine-containing protein
expression due to the disease. On the other hand, decreased cysteine availability could
suggest a gain of a modification, formation of a disulfide bond or a decrease in expression

due to the disease.

14



s /j s—= ‘//D/S_O -
& &
2. IA-Alkyne Heavy ~ AR 3. Copper Catalyzed . e
N ,«} e e

Labeling Click Chemistry
N

MCFmA Cells

4 Combme

and Alkylatior
dTrypl Digostior

/55 D o

2 InAlgno Ligt 3. Copper Catalyzed i
e 3 % o = O
_) P P st Ly
AF Lanel ing \ ) v\’ Clic kCh emistry / /ﬁ>

Activated Raw Cells
MCF10CATa Cells - 8, Sod ium D(h ionite
aaaaa

A
/\%J
|

I\)k
N
1AAlyne /\ a
Light or Heavy — ®= c 'oleA\ky\eLgh( 5
’ - B T 9.Loic-msms L0
- -
§C>

o o o
HHN-
/©/‘LN/\/°\/\O/\/O\/\N)K/\/u. 6(‘&
N = N N
N

|
S H

Figure 1-9. The simplified isoTOP ABPP platform. A detailed description of the method

can be found in the experimental procedures.

Lysates from fully malignant MCF10CAla cells were compared to lysates from non-
tumorigenic MCF10A cells to observe the effect that tumorigenesis has on the cysteine
proteome. This data is seen in Figure 1-10 and Table 1-1. Figure 1-10 shows the general
trend of cysteine availability changes within the proteome; points above and below the
black dotted lines are considered significant based on our restrictions. The log ratios show
the fold change of cysteine labeling of the MCF10CA1la proteome versus the MCF10A
proteome. It is clear that tumorigenesis causes changes within the cysteine proteome of

MCF10 cells.
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Figure 1-10. Log fold change of cysteine labeling in the MCF10CA 1a proteome (labeled
with TA-alkyne light) versus the MCF10A proteome (labeled with [A-alkyne heavy).
Changes of labeling can be due to changes in cysteine reactivity or levels of protein
expression. Measured using isoTOP ABPP labeling. A fold change of greater than 2 [-1 <

logo(L/H) > 1] is considered significant.

Table 1-1 gives more detailed data for the peptides with the top 5 most increased and most
decreased changes in cysteine labeling due to tumorigenesis. The decreased peptides have
log ratios less than -1 because the cysteines were labeled more in the healthy MCF10A
proteome sample (labeled with heavy [A-alkyne), indicating a gain of modification or
decrease of protein expression upon tumorigenesis. The increased peptides have log ratios
greater than 1 because the cysteines were labeled more in the diseased MCF10CAla
proteome sample (labeled with light [A-alkyne), indicating a loss of modification or

increase of protein expression upon tumorigenesis.
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Table 1-1. Top hits with increased and decreased cysteine labeling in the MCF10CAla

proteome (labeled with TA-alkyne light) versus the MCF10A proteome (labeled with 1A-

alkyne heavy).
Peptide | Symbol | logax(L/H)
Serum deprivation-response protein SDPR -5.64385
'§ A(.:yl-CoA synthetase family member 2, ACSF? 3.94341
§ | mitochondrial
§ Alpha-aminoadipic semialdehyde dehydrogenase =~ ALDH7A1 -3.12029
A | Heterogeneous nuclear ribonucleoprotein U HNRNPU -2.83650
Protein unc-93 homolog B1 UNC93B1 -2.68965
= Bifunctional 3-phosphoadenosine 5-phosphosulfate PAPSSI 4.32192
2 | E3 ubiquitin-protein ligase UBRS UBRS5 4.32192
8 | GMP synthase GMPS 4.32192
;—E Cornifin-A SPRRI1A 4.32192
Uridine phosphorylase 1 UPP1 4.32192

Lysates from activated Raw cells were compared to lysates from inactive Raw cells to
observe the effect that immune activation has on the cysteine proteome. The cells were
activated using LPS. This data is seen in Figure 1-11 and Table 1-2. Figure 1-11 shows the
general trend of cysteine availability changes within the proteome; points above and below
the black dotted lines are considered significant based on our restrictions. The log ratios
show the fold change of cysteine labeling of the activated Raw proteome versus the inactive
Raw proteome. This data shows that immune activation has an effect on the cysteine
proteome of Raw cells. Cysteine residues that are known to participate in disulfide bonds,
metal binding and post-translational modifications are also highlighted in Figure 1-11. A
few disulfide bonds appear to be broken when the Raw cells become activated, shown by
an increase of cysteine availability after activation. Other disulfide bonds emerge due to
LPS activation, shown by a decrease of cysteine availability. Overall, there is no clear trend

of forming or breaking disulfide bonds after Raw cell activation. Most of the metal binding
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sites are only changed insignificantly except one, Metallothionein-2, which shows
increased availability, indicating a loss of the metal cofactor. Availability of cysteines
known to have post translational modifications also generally remains unchanged except
one, Cytoskeleton-associated protein 4, which shows decreased availability, indicating a
gain of the S-palmitoylation modification when the cells are activated. A more in-depth
review of the specific proteins involved in these differences observed could elucidate what

benefit these changes serve for the diseased cells.

+ Disulfide Bonds
+ Metal Binding Site

+ Post Translational Modification

log2(LH)

Peptide

Figure 1-11. Log fold change of cysteine labeling in the activated Raw proteome (labeled
with TA-alkyne light) versus the inactive Raw proteome (labeled with IA-alkyne heavy).
Changes of labeling can be due to changes in cysteine reactivity or levels of protein
expression. Measured using isoTOP ABPP labeling. A fold change of greater than 2 [-1 <

log2(L/H) > 1] is considered significant. Cysteines with known functions are highlighted.

Table 1-2 gives more detailed data for the peptides with the top 5 most increased and most
decreased changes in cysteine labeling due to immune activation. The decreased peptides
have log ratios less than -1 because the cysteines were labeled more in the inactive Raw

proteome sample (labeled with heavy IA-alkyne), indicating a gain of modification or
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decrease of protein expression upon LPS activation. The increased peptides have log ratios
greater than 1 because the cysteines were labeled more in the activated Raw proteome
sample (labeled with light IA-alkyne), indicating a loss of modification or increase of

protein expression upon LPS activation.

Table 1-2. Top hits with increased and decreased cysteine labeling in the activated Raw
cell proteome (labeled with [A-alkyne light) versus the inactive Raw proteome (labeled

with [A-alkyne heavy).

Peptide | Symbol | log:(L/H)
Gamma-interferon-inducible lysosomal thiol 1£30 395153
reductase

'qz Gamma-interferon-inducible lysosomal thiol 1£30 3.01936

§ | reductase

§ Probable arginine--tRNA ligase, mitochondrial Rars2 -1.64385

A | Cytoskeleton-associated protein 4 Ckap4 -1.59946
Categhol O-methyltransferase domain-containing Comtdl _1.47393
protein

= Interleukin-1 alpha Il1a 4.27575

2 | Immune-responsive gene 1 protein Irgl 4.32192

§ C-C motif chemokine 5 Ccl5 4.32192

E Prostaglandin G/H synthase 2 Ptgs2 4.32192
C-X-C motif chemokine 10 Cxcl10 4.32192

Based on the data presented, it is clear that both tumorigenesis and immune activated have
effects of the cysteine proteome. However, it is impossible, using this data, to determine if
the variations in cysteine availability observed are due to a change of protein expression
(leading to different amounts of the cysteine available to label) or to changes in
modifications or disulfide bonds (leading to newly exposed or hindered cysteines).

It was decided that reductive dimethylation would be used to measure overall

changes in protein expression; the general protocol is illustrated in Figure 1-12.%
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Figure 1-12. The simplified ReDiMe platform. A detailed description of the method can

be found in the experimental procedures.

The dimethylation labeling occurs on the amino groups of the N-terminus and any lysine
residues of the peptides within the sample. Every peptide will at least have an N-terminus,
so this method labels every peptide regardless of differences in cysteine availability. The
data collected from this protocol can thus be used to determine the changes in protein
expression cause by the diseased state. An increase of dimethylation labeling indicates an
increase of protein expression, while a decrease of dimethylation labeling indicates a
decrease of protein expression in the diseased proteome. Lysates from the malignant
MCF10CA1a cells were compared to lysates from the healthy MCF1A cells using ReDiMe
labeling. This data is included in Figure 1-13 and Table 1-3. Figure 1-13 shows the trend
of protein expression changes caused by tumorigenesis of the MCF10 cells; the peptides

showing the most increased and decreased protein expression are highlighted.
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Figure 1-13. Log fold change of protein expression in the MCF10CA1a proteome (labeled
with TA-alkyne light) versus the MCF10A proteome (labeled with [A-alkyne heavy).
Measured using ReDiMe labeling. A fold change of greater than 2 [-1 <logz(L/H) > 1] is
considered significant. The top 3 peptides with decreased protein expression and the top 3

peptides with increased protein expression in the MCF10CA1a proteome are highlighted.

Table 1-3 gives more detailed data for the peptides that show the largest changes in protein
expression caused by tumorigenesis. The decreased peptides have log ratios less than -1
because they were labeled more in the MCF10A proteome sample (labeled with heavy IA-
alkyne), indicating decrease of protein expression upon tumorigenesis. The increased
peptides have log ratios greater than 1 because the peptides were labeled more in the
MCFI10CA1la proteome sample (labeled with light IA-alkyne), indicating an increase of

protein expression upon tumorigenesis.
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Table 1-3. Top hits with increased and decreased protein expression in the MCF10CAla

proteome (labeled with TA-alkyne light) versus the MCF10A proteome (labeled with 1A-

alkyne heavy).

Peptide | Symbol | log:(L/H)

= | Superoxide dismutase SOD2 -4.25956
"é Glutamate dehydrogenase 1, mitochondrial GLUDI1 -2.49296
® | Kinesin-like protein KIF13A KIF13A -2.35973
g Brain acid soluble protein 1 BASPI -2.09408
Polymerase I and transcript release factor PTRF -1.83227

= Laminin subunit gamma-2 LAMC2 4.54408
2 | Perilipin-3 PLIN3 4.55144
§ Squalene synthase FDFT1 4.73627
E Sialic acid synthase NANS 4.79756

Plasminogen activator inhibitor 1 SERPINE]1 4.83211

Lysates from the activated Raw cells were compared to lysates from the inactive Raw cells
using ReDiMe labeling. The cells were activated using LPS. This data is illustrated in
Figure 1-14 and Table 1-4. Figure 1-14 shows the trend of protein expression changes
caused by activation of the Raw cells; two proteins of interest are highlighted. These
proteins were chosen to highlight due to the severity of the increase of their expression
caused by LPS activation and their relevant functions. IRG1 (immune responsive gene 1)
has been reported to be highly expressed in mammalian macrophages during inflammation,
but it is unknown if the cysteine identified in the 1soTOP ABPP experiment is essential for
protein function. IRG1 produces itaconate from cis-aconitate, which interrupts the citric
acid cycle. Itaconate was previously shown to be antimicrobial by inhibiting isocitrate
lyase, which is essential for bacterial growth.’® This suggests that an increase of IRG1
expression is essential for the immune response. SQSTM1 (sequestosome 1), which is a
stress-related protein, is mostly linked to the function of autophagy and degradation of

ubiquitinated proteins. It has been found that accumulation of SQSTMI1 can activate NF-
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kB signaling, which regulates the inflammatory process.>® This shows that SQSTM1 is also
essential for the success of the immune response, but it is again unknown if the cysteine

residue identified plays a critical role in this function.
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Figure 1-14. Log fold change of protein expression in the activated Raw cell proteome
(labeled with TA-alkyne light) versus the inactive Raw cell proteome (labeled with TA-
alkyne heavy). Measured using ReDiMe labeling. A fold change of greater than 2 [-1 <
log2(L/H) > 1] is considered significant. Two peptides of interest are highlighted, SQSTM1

and IRG1; both show increased expression after activation of the Raw cells by LPS.

Table 1-4 gives more detailed data for the peptides that show the largest changes in protein
expression caused by LPS activation. The decreased peptides have log ratios less than -1
because they were labeled more in the inactive Raw proteome sample (labeled with heavy
[A-alkyne), indicating decrease of protein expression upon LPS activation. The increased
peptides have log ratios greater than 1 because the peptides were labeled more in the
activated Raw proteome sample (labeled with light [A-alkyne), indicating an increase of

protein expression upon LPS activation.
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Table 1-4. Top hits with increased and decreased protein expression in the activated Raw
cell proteome (labeled with IA-alkyne light) versus the inactive Raw cell proteome (labeled

with [A-alkyne heavy).

Peptide | Symbol | logx(L/H)

= | MLV-related proviral Env polyprotein Envl -1.86020
"é Lysozyme C-2 Lyz2 -1.60851
@ | Keratin, type II cytoskeletal 73 Krt73 -1.40068
g Endoplasmic reticulum resident protein 29 Erp29 -0.77173
Malectin Mlec -0.78129

= Interleukin-1 receptor antagonist protein [I1rn 4.84449
2 | Nitric oxide synthase, inducible Nos2 4.84449
§ Immune-responsive gene 1 protein Irgl 4.84449
E Prostaglandin G/H synthase 2 Ptgs2 4.84449
Transcription factor jun-B Junb 5.09451

Apart from being used to measure protein expression changes, the ReDiMe data
can also be used to correct the original cysteine labeling data. For all peptides that are found
in both datasets, the cysteine labeling ratio can be corrected with the corresponding
ReDiMe ratio to account for changes in protein expression. The resulting dataset will show
changes in cysteine labeling due only to changes in cysteine reactivity, such as loss or gain
of a post translational modification or the cleavage or formation of a disulfide bond. This
correction was performed for both the MCF10 cell and the Raw cell datasets; this data is
seen in Figure 1-15, Table 1-5, Figure 1-16 and Table 1-6. Figure 1-15 shows the trend of
calculated cysteine reactivity changes caused by tumorigenesis of the MCF10 cells; the

peptides showing the most increased and decreased protein expression are highlighted.
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Figure 1-15. Log fold change of cysteine reactivity in the MCF10CA 1a proteome (labeled
with TA-alkyne light) versus the MCF10A proteome (labeled with [A-alkyne heavy).
Calculated by correcting cysteine labeling data with the protein abundance data from the
ReDiMe labeling. A fold change of greater than 2 [-1 < log2(L/H) > 1] is considered
significant. The top 3 peptides with decreased cysteine reactivity and the top 3 peptides

with increased cysteine reactivity in the MCF10CA 1a proteome are highlighted.

Table 1-5 gives more detailed data for the cysteine residues that show the largest changes
in calculated cysteine reactivity caused by tumorigenesis. The decreased cysteine residues
have log ratios less than -1 because they were labeled more in the MCF10A proteome
sample (labeled with heavy IA-alkyne), indicating gain of modification or formation of a
disulfide bond upon tumorigenesis. The increased cysteine residues have log ratios greater
than 1 because the cysteines were labeled more in the MCF10CAla proteome sample
(labeled with light IA-alkyne), indicating loss of modification or breakage of a disulfide

bond upon tumorigenesis.
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Table 1-5. Top hits with increased and decreased cysteine reactivity in the MCF10CAla

proteome (labeled with TA-alkyne light) versus the MCF10A proteome (labeled with 1A-

alkyne heavy).
Peptide | Symbol | logx(L/H)
= | LIM domain and actin-binding protein 1 LIMA1 -4.45110
"é Retinol dehydrogenase 11 RDHI1 -3.99724
® | Microsomal glutathione S-transferase 1 MGSTI1 -2.27983
g Perilipin-3 PLIN3 -2.19530
Heterogeneous nuclear ribonucleoprotein U HNRNPU -2.17450
Filamin-B FLNB 1.68440
§ Insuli.n—like growth factor 2 mRNA-binding IGF2BP3 1.79880
s protein
5 | Hypoxia up-regulated protein 1 HYOU1 1.98590
£ | Inositol 1,4,5-trisphosphate receptor type 3 ITPR3 2.62319
Adenylate kinase 2, mitochondrial AK2 2.84004

Figure 1-16 shows the trend of calculated cysteine reactivity changes caused by activation
of the Raw cells; IRG1 and SQSTMI1 are again highlighted. IRG1 shows little to no
significant change in cysteine reactivity following LPS activation. This indicates that the
increase of protein expression was truly the only cause of increased cysteine labeling.
Interestingly, the cysteine on SQSTM1 shows a decrease of cysteine reactivity despite the

increased accumulation of the protein.

26



log,(corrected L/H)

Peptide

Figure 1-16. Log fold change of cysteine reactivity in the activated Raw cell proteome
(labeled with TA-alkyne light) versus the inactive Raw cell proteome (labeled with TA-
alkyne heavy). Calculated by correcting cysteine labeling data with the protein abundance
data from the ReDiMe labeling. A fold change of greater than 2 [-1 < log>(L/H) > 1] is
considered significant. Both highlighted targets of interest, SQSTM1 and IRGI1, have
decreased and unchanged cysteine reactivity following activation of the Raw cells by LPS

respectively.

Table 1-6 gives more detailed data for the cysteines that show the largest changes in
calculated cysteine reactivity changes caused by LPS activation. The decreased cysteine
residues have log ratios less than -1 because they were labeled more in the inactive Raw
proteome sample (labeled with heavy [A-alkyne), indicating a gain of modification or
formation of a disulfide bond following activation. The increased cysteine residues have
log ratios greater than 1 because the cysteines were labeled more in the activated Raw
proteome sample (labeled with light [A-alkyne), indicating loss of modification or

breakage of a disulfide bond upon LPS activation.
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Table 1-6. Top hits with increased and decreased cysteine reactivity in the activated Raw
cell proteome (labeled with IA-alkyne light) versus the inactive Raw cell proteome (labeled

with [A-alkyne heavy).

Peptide | Symbol | logx(L/H)
= | Sequestosome-1 Sgstml1 -2.66903
"é Sequestosome-1 Sgstm1 -2.09508
@ | Eukaryotic translation initiation factor 4 gamma 1  Eif4gl -1.44581
& | Clathrin light chain A Clta -1.37377
= Peroxiredoxin-5, mitochondrial Prdx5 -1.30041
Peptidyl-prolyl cis-trans isomerase A Ppia 1.10986
B | Poly(rC)-binding protein 2 Pcbp2 2.15179
§ Peroxisomal multifunctional enzyme type 2 Hsd17b4 3.10074
5 | Lon protease homolog, mitochondrial Lonpl 3.22406
= Cytochrome b-c1 complex subunit 2,
4 . Ugcrc2 3.69442
mitochondrial

The included data show that there are significant changes in protein expression and
cysteine reactivity upon tumorigenesis and immune activation. Many possible small
molecule inhibitor targets have been identified. The next step in the process is to study

these targets further to determine if they are suitable for inhibitor development.

1.2.2 IRGI1 as a potential small molecule inhibitor target

In order to determine if a cysteine-targeting, small molecule inhibitor will be
therapeutic, it first must be discerned if the cysteine identified in the data is essential for
the activity of the protein that benefits the disease. To begin this process, immune
responsive gene 1 (IRG1) was chosen from the Raw dataset to focus on. This protein was
chosen due to its expression changes as well as its importance for immune activation, as
described above. This cysteine initially showed an increase of availability following

activation of the Raw cells by LPS. Through ReDiMe labeling, it was elucidated that this
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increase of cysteine availability was due to an increase of IRG1 expression caused by the
activation. To first validate the mass spectrometry data, a Western blot was performed to
compare the expression of IRG1 in activated and inactive Raw cells (Figure 1-17). A
Western blot was also conducted to confirm the expression changes of SQSTM1 as well,
but this protein has not been followed up any further so far. The Western blots confirm that
both IRG1 and SQSTM1 show increased expression upon activation of the Raw cells by

LPS.

Raw Cells

LPS Activation + -

=
IRG1

E— ]

SQSTM1 ~TT .

iNOS

GAPDH - -

Figure 1-17. Western blot confirming an increase of IRG1 and SQSTM1 expression after
activation of Raw cells by LPS for 12 hours. iNOS used as control to confirm successful

activation by LPS. GAPDH used as gel loading control.

Next, IRG1 needed to be overexpressed in E. coli and purified for future use in an

activity assay. A plasmid containing IRG1 (Acodl) was successfully transformed into

BL21 cells, which was confirmed via sequencing. The overexpression was able to be
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induced by IPTG, as shown in Figure 1-18. The conditions for overexpression should be

optimized to allow for the maximum yield of recombinant protein possible.
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Figure 1-18. Overexpression of recombinant murine Acodl. The overexpression band

(indicated by the red arrow) is seen at just above 50 kDa, at the expected weight of 52 kDa.

The recombinant IRG1 was purified using a Ni-NTA column (Figure 1-19). The image

shows successful elution of a His-tagged protein that is mostly pure by the second round

of elution. The protein appears on the gel at the expected mass for IRGI.
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Figure 1-19. Purification of recombinant murine Acodl. The purified protein band
(indicated by the red arrow) is seen at just above 50 kDa in the elutions, at the expected
weight of 52 kDa. I is the input lane (what was loaded on the column), FT lanes are the
flow through collections after adding the lysate to the column, W lanes are the flow through
collections during the wash steps and E lanes are the flow through collections during the

elution steps.

The identity of the purified protein was confirmed through a Western blot. The blot shows

distinct IRG1 bands in the elution lanes. The anti-His tag antibody also confirms that the

purified protein is indeed the His-tagged recombinant IRG1 (Figure 1-20).
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Figure 1-20. Western blot confirming identity of the purified protein. Anti-His antibody
used to confirm that the purified protein was His-tagged. Anti-IRG1 antibody used to
confirm that the purified protein is the desired Acodl protein (indicated by the red arrow).
I is the input lane (what was loaded on the column), W is the flow through collections

during the wash steps and E lanes are the flow through collections during the elution steps.

These images show that IRG1 was able to be successfully recombinantly expressed
in E. coli and purified for use in a future activity assay. The goal of this activity assay will
be to determine if the cysteine identified in the mass spectrometry data is essential for the
protein function. To accomplish this, a mutant version of the protein that has a serine
residue in place of the cysteine will also need to be expressed and purified. The activity of
these two proteins can then be compared using an assay. If the cysteine is necessary for the
protein’s function, then the mutant IRG1 should not be able to produce itaconate if given
the precursor, cis-aconitate. If it is discovered that the cysteine residue is necessary, then
IRG1 should be a suitable focus for development of a cysteine-targeting, small molecule

inhibitor.
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1.3 CONCLUSIONS

The data presented in this thesis shows that the cysteine proteome is affected by
tumorigenesis and immune activation. Some cysteine-containing proteins experience
changes in overall expression level due to the introduction of the disease state. Other
proteins have cysteine residues that change in reactivity following tumorigenesis or
macrophage activation, most likely due to changes in modifications or disulfide bonds. The
identification of these proteins that are affected by the disease state can lead to discovery
of suitable targets for small molecule inhibitors. IRG1, a protein that has increased
expression in Raw cells following LPS activation, is one of these possible targets. The
protein was successfully recombinantly expressed and purified from E. coli, although an
optimization of the overexpression should lead to a higher yield of purified protein. Further
studies on this protein should include an activity assay of the wildtype protein compared
to a C = S mutant in order to determine if the cysteine residue identified in this study is
essential for function. An essential cysteine residue in IRG1 could make an appropriate
focus of a rational drug design study. More future work on this project should include
follow-up studies of other proteins and cysteine residues that were identified as possibly

essential for the disease states investigated.
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1.4 EXPERIMENTAL PROCEDURES

General procedures and materials

All materials were purchased from Sigma Aldrich or Fisher Scientific unless otherwise
noted. Insulin was purchased from Santa Cruz Biotechnologies. Fetal bovine serum was
purchased from Atlanta Biologics. The DC Protein Assay kit, SDS, acrylamide, coomassie
stain and Poly-Prep® Chromatography Columns were purchased from Bio-Rad. The DTT
was purchased from Invitrogen. The diazo biotin-azide was purchased from Click
Chemistry Tools. The iodoacetamide was purchased from Acros Organics. The sequencing
grade trypsin was purchased from Promega. The C18 and SCX resin were purchased from
Phemonenex. The a-GAPDH rabbit antibody, a-iNOS rabbit antibody, a-SQSTM1 rabbit
antibody, a-6x His-tag rabbit antibody and a-rabbit HRP-linked secondary antibody were
purchased from Cell Signaling. The a-IRG1 rabbit antibody was purchased from

Antibodies-Online.

MCF10A and MCF10CA1a cell culture and harvesting

MCF10A and MCF10CA 1a cells were grown at 37 °C under 5% CO; in DMEM/F12 media
supplemented with 5% Horse serum, 1% PSA, 20 ng/mL EGF (resuspended in sterile
dH»0), 0.5 mg/mL Hydrocortisone (resuspended in 200 proof ethanol), 100ng/mL Cholera
Toxin (resuspended in sterile dH>O) and 10 pg/mL Insulin (resuspended in sterile dH,O
containing 1% glacial acetic acid). MCF10A and MCF10CAla cells grown to 100%

confluency. The cells were washed with PBS, harvested by scraping and the pellets were
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washed again with PBS. The pellets were resuspended in 500 uL PBS and lysed by
sonication (10 pulses 3 times at 75% amplitude) to give whole-cell lysates. These lysates
were isolated by centrifugation (5 mins, 1000 rcf) to pellet un-lysed cells and cell debris.
The supernatant was collected and the pellet was discarded. The protein concentrations
were determined using the Bio-Rad DC™ Protein Assay kit. Lysates were diluted to 2

mg/mL and stored at -80 °C until further analysis.

Raw 264.7 cell culture, activation and harvesting

Raw 264.7 cells were grown at 37 °C under 5% CO; in DMEM supplemented with 10%
FBS and 1% PSA. For LPS activated cells, cells were treated with 100 ng/mL LPS 12 hours
prior to harvesting. Raw cells grown to 100% confluency. The cells were washed with PBS,
harvested by scraping and the pellets were washed again with PBS. The pellets were
resuspended in 500 pL. PBS and lysed by sonication (10 pulses 3 times at 75% amplitude)
to give whole-cell lysates. These lysates were isolated by centrifugation (5 mins, 1000 rcf)
to pellet un-lysed cells and cell debris. The supernatant was collected and the pellet was
discarded. The protein concentrations were determined using the Bio-Rad DC™ Protein

Assay kit. Lysates were diluted to 2 mg/mL and stored at -80 °C until further analysis.
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IsoTOP-ABPP Procedures

IA-alkyne heavy and light labeling

MCFI10A/MCF10CA1a or Raw inactive/Raw activated lysates were aliquoted to undergo
IA alkyne heavy or light labeling (2 mg/mL, 500 uL). MCF10A and Raw inactive lysates
were labeled with [A-alkyne heavy (100 uM from 10 mM DMSO stock). MCF10CAla
and activated Raw lysates were labeled with IA-alkyne light (100 pM from 10 mM DMSO

stock). The lysates were labeled at room temperature for 1 hour.

Click chemistry and streptavidin enrichment

Diazo biotin-azide (100 uM from 5 mM DMSO stock), TCEP (1 mM from fresh 50 mM
stock in water), TBTA ligand (100 pM from 1.7 mM stock in 1:4 DMSO: ¢-butanol) and
copper (II) sulfate (1 mM from 50 mM stock in water) were added to the labeled lysates.
The samples were allowed to react at room temperature for 1 hour with periodic vortexing.
The samples were centrifuged (4 mins, 6500xg, 4 °C) to pellet the precipitated protein. The
pellets were resuspended in cold MeOH (500 pL) by sonication (55% amplitude) and the
samples were combined pairwise (MCF10A with MCF10CAla and Raw inactive with
Raw activated). The samples were centrifuged (4 mins, 6500xg, 4 °C) and the supernatants
were removed. The methanol wash was repeated. The pellets were then resuspended in
1.2% SDS in PBS (1 mL) by sonication (55% amplitude) and heating (5 mins, 80-90 °C).

The solubilized samples were diluted with PBS (5 mL) and incubated with washed
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streptavidin beads (100 uL) for 16 hours at 4 °C then at room temperature for 2.5 hours.
The beads were washed with 0.2% SDS in PBS (5§ mL), PBS (3x 5 mL) and water (3x 5

mL). The beads were pelleted in between washes by centrifugation (3 mins, 1400xg).

On-bead trypsin digestion

The washed beads were resuspended in 6 M urea in PBS (500 pL). The streptavidin bound
proteins were reduced by incubation with DTT (10 mM from 200 mM stock in water, 20
mins, 65 °C). The samples were then alkylated with iodoacetamide (20 mM from 400 mM
stock in water, 30 mins, 37 °C with rotating). The alkylation reaction was quenched with
PBS (950 pL) and the beads were pelleted by centrifugation (2 mins, 1400xg). The beads
were resuspended in a pre-mixed solution of 2 M urea in PBS (200 pL), 100 mM calcium
chloride (2 pL) and trypsin solution (4 pL of 20 pg lyophilized powder resuspended in 40

uL trypsin buffer, overnight, 37 °C with shaking).

Cleavage of peptides from streptavidin beads

The beads were washed with PBS (3x 500 puL) and water (3x 500 pL). The beads were
incubated with 50 mM sodium hydrosulfite (50 pL, 1 hour with rotating). The beads were
spun down and the cleaved peptides were collected. The cleavage was repeated 2 more
times with 75 pL of 50 mM sodium hydrosulfite. The beads were washed with water (2x

75 uL) and the washes were added to the collected cleaved peptides. Formic acid (17.5 pL)
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was added to the samples and they were stored at -20 °C until analyzed by mass

spectrometry.

Liquid chromatography/mass spectrometry

LC/MS analysis was performed on a ThermoFisher LTQ Orbitrap Discovery™ mass
spectrometer coupled to an Agilent 1100 series HPLC. Samples were pressure loaded onto
a 250 um fused silica desalting column packed with 4 cm of Aqua C18. The peptides were
eluted onto a biphasic column (100 pm fused silica with a 5 um tip, packed with 10 cm of
C18 and 4 cm of SCX) using a gradient of 5-100% Buffer B (80% acetonitrile, 20% water,
0.1% formic acid) in Buffer A (95% water, 5% acetonitrile, 0.1% formic acid). The
peptides were eluted from the SCX onto the C18 and into the mass spectrometer using a
series of salt steps (Step 1: no salt; Step 2: 25% ammonium acetate; Step 3: 50% ammonium
acetate; Step 4: 80% ammonium acetate; Step 5: 100% ammonium acetate).’> The flow
rate through the column was 0.25 uL/min and the spray voltage was set to 2.75 kV. One
full MS scan (400-1800 mW) was followed by 8 data dependent scans of the n™" most

intense scans with dynamic inclusion enabled.

MS Data Analysis

The generated tandem MS data were searched using the SEQUEST algorithm*° against the

human IPI database (for the MCF10a/MCF10CA1la samples) or the mouse IPI database

(for the Raw samples). A static modification of +57 on Cys was specified to account for
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iodoacetamide alkylation and differential modifications of +312.1481 (for IA-alkyne
heavy) and +306.1981 (for IA-alkyne light) were added to account for probe labeling of
available cysteines. The SEQUEST output files were filtered using DTASelect 2.0.%!
Restrictions were set so peptides in the given dataset were required to be fully tryptic and
contain the desired probe modification (based on the differential modification); the peptide
false-discovery rate was set below 5%. Calculation of light/heavy ratios was performed
using CIMAGE quantification.*? The full datasets can be found in the Appendix as Table

A-1.

ReDiMe Procedures

TCA precipitation, reduction, alkylation and trypsin digestion

MCF10A/MCF10CA1la or Raw inactive/Raw activated lysates were aliquoted to undergo
ReDiMe labeling (1 mg/mL, 100 pL). The protein was precipitated with 100% TCA (5 pL,
1 hour or overnight, -80 °C). The samples were thawed and the precipitated protein was
pelleted by centrifugation (10 mins, 15K rpm). The protein pellets were washed with ice-
cold acetone (500 pL), resuspended by sonication. The protein was again pelleted by
centrifugation (10 mins, 5K rpm). The acetone was removed and the pellets were air-dried.
The protein pellets were resuspended in 8 M urea in PBS (30 pL) by sonication. 100 mM
TEAB in water (70 pL) was added to the samples and the proteins were reduced by
incubation with DTT (3 mM from 1 M stock in water, 15 mins, 75 °C). The samples were

then alkylated at room temperature with iodoacetamide (2.5 mM from 500 mM stock in
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water, 30 mins). The reaction was quenched with PBS (120 pL). 100 mM calcium chloride
in water was added to the samples (2.5 pL) and the proteins were digested with trypsin (4

uL of 20 pg lyophilized powder resuspended in 40 uLL PBS, overnight, 37 °C with shaking).

Reductive dimethylation

20% formaldehyde (4 puL) was added to the MCF10A and Raw inactive samples. 20%
heavy formaldehyde (4 uL) was added to the MCF10CA 1a and activated Raw samples. 0.6
M sodium cyanoborohydride (20 puL) was added to all samples. The proteins were labeled
with a 2 hour incubation in the fume hood. The samples were placed on ice and the
reactions were quenched with 20% ammonium hydroxide (4 puL). Formic acid (8 pL) was
added to the samples. The samples were combined pairwise (MCF10A with MCF10CAla
and Raw inactive with Raw activated). The samples were desalted using a Sep-Pack
column. The columns were washed with 5 mL Buffer B (90% ACN, 10 mM ammonium
bicarbonate) and 5 mL Buffer A (5% ACN, 10 mM ammonium bicarbonate). The sample
was loaded on the column. The column was washed again with 5 mL Buffer B. The

peptides were eluted with Buffer B (2x 750 uL). The solvent was removed by SpeedVac.

Offline HPLC-fractionation

The peptides were resuspended in Buffer A (400 pL) by sonication. The sample was

fractionated by high pH reverse-phase high-pressure liquid chromatography using a two-

buffer gradient system at a flow rate of 500 uL/min on an Agilent 1100 series HPLC
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coupled to a Gilson FC 203B fraction collector. The sample was loaded in 0% Buffer B for
2 minutes, then the peptides were separated using a linear gradient from 20% to 35% Buffer
B over 60 minutes. 96 fractions were collected in a deep-well 96-well plate. The 96
fractions were combined into 12 samples (one from each column of the 96-well plate) and
the solvent was removed by lyophilization. The fractions were each resuspended in Buffer
A (8 uL) by sonication. The fractions were combined again to have a final total of 6 samples
(land 7,2 and 8,3 and 9,4 and 10, 5 and 11, and 6 and 12 were combined). These samples

were transferred to LC vials.

Mass spectrometry with autosampler

MS analysis was performed on a ThermoFisher LTQ Orbitrap XL™ coupled to a
ThermoFisher Easy-nLC 1000™ autosampler. The 6 offline fractionated samples were
place in the autosampler tray. The peptides (6 pL of the sample) were separated over a 100
um fused silica column packed with 10 cm C18. A gradient of 6% to 25% MS Buffer B
(80% ACN/H-0, 0.1% formic acid) in MS Buffer A (95% H20, 5% ACN, 0.1% formic
acid) over 165 minutes at a flow rate of 300 nL/min was used to elute the peptides. The
gradient ended with a 10 minute wash with 100% MS Buffer B and a re-equilibration of
the column with 100% MS Buffer A (9 pL) before the start of the gradient for the

subsequent sample. This was repeated for each of the 6 samples.
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MS Data Analysis

The generated tandem MS data were searched using the SEQUEST algorithm*° against the
human IPI database (for the MCF10a/MCF10CA1la samples) or the mouse IPI database
(for the Raw samples). A static modification of +34.06315 (for heavy dimethylation) and
+28.01313 (for light dimethylation) on Lys and the N-terminus was added to account for
dimethylation of these residues. The SEQUEST output files were filtered using DTASelect
2.0.%! Restrictions were set so peptides in the given dataset were required to be fully tryptic
and contain the desired probe modification (based on the differential modification); the
peptide false-discovery rate was set below 5%. Calculation of light/heavy ratios was
performed using CIMAGE quantification.’? The full datasets can be found in the Appendix

as Table A-2.

Western blot analysis

Lysates were mixed 1:1 with 2x loading buffer. The lysate/loading buffer mixtures (15 puL)
were separated by SDS-PAGE (70 minutes, 175 V) on a 12.5% polyacrylamide gel. The
gels were then transferred by electroblotting into nitrocellulose membranes (100 minutes,
75 V). The blots were washed with TBS-T (3x 10 mL). The membranes were blocked with
5% non-fat dry milk in TBS-T at room temperature (1-2 hours). The blots were washed
with TBS-T (3x 10 mL) then treated with the primary antibodies (anti-GAPDH, anti-IRG1,
anti-SQSTM1, anti-iNOS or anti-6x His-tag, 1:1,000 in TBS-T, overnight, 4 °C). The blots

were washed with TBS-T (3x 10 mL) then treated with the a-rabbit HRP-linked secondary
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antibody (1:10,000 in TBS-T, 2 hours) at room temperature. The blots were washed with
TBS (3x 10 mL), treated with HRP super signal chemiluminescence reagents (5 mins) and

imaged using a Bio-Rad ChemiDoc™ MP Imaging System.

Transformation of plasmid containing murine Irgl (Acodl) gene

A pET-24b (+) vector containing the murine Acodl gene, a kanamycin resistant gene, a T7
promoter and a C-terminus His-tag were ordered from GenScript. The vector (5 puL) was
incubated with BL21 competent cells (50 pL) on ice (30 mins). The cells were heat shocked
(45 sec, 42 °C) then incubated on ice again (2 mins). The transformed cells were incubated
(1 hour, 37 °C with shaking) with antibiotic-free liquid LB media (950 pL). The cells (600
uL) were then plated on pre-warmed LB-agar plates containing kanamycin (50 pg/mL) and
the plates were incubated overnight (37 °C) to allow the transformed cells to form colonies.
Portions of the colonies were added to liquid LB media (5 mL) containing kanamycin (50
pg/mL). The liquid cultures were allowed to grow up overnight (37 °C with shaking). A
portion of the liquid culture (820 puL) was aliquoted to make glycerol stocks (180 puL of
80% glycerol) of the transformed cells. The remainder of the liquid cultures underwent an
Epoch mini-prep protocol to extract the DNA. The DNA was sent for sequencing by

GeneWiz to confirm that the genome contained the Acodl gene.
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Overexpression and purification of Acodl1

A scraping of the frozen glycerol stock of the competent cells transformed with the plasmid
containing the Acodl gene was added to liquid LB media (5 mL) containing kanamycin
(50 pg/mL). The starter culture was allowed to grow overnight (37 °C with shaking). A
portion of the starter culture (2.5 mL) was added to a larger flask containing liquid LB
media (500 mL) with kanamycin (50 ug/mL). The cells were allowed to incubate (37 °C
with shaking) until the cellular density reached an ODgoo of 0.6-0.8. IPTG (500 pL, 142
mg/mL) was added to the large culture to induce the lac operon and initiate the
overexpression of the target protein. The overexpression took place overnight (25 °C with
shaking). Aliquots (1 mL) each of pre-induction and post-induction of overexpression were
lysed (10 pulses 3x, 75% amplitude) and separated by SDS-PAGE (70 mins, 150 V) on a
12.5% acrylamide gel to visualize the overexpression of the Acodl protein by coomassie
staining. The large culture was centrifuged (10 mins, 5,000 rpm) and the supernatant was
discarded. The cell pellet was resuspended in PBS (4 mL) and lysed by sonication (40
pulses 4x, 90% amplitude). The cell debris was pelleted by centrifugation (10 mins, 15,000
rpm) and the supernatant was saved for purification. The target protein was purified by the
HisPur™ Ni-NTA resin protocol with native conditions and using Poly-Prep®
Chromatography Columns as the gravity flow columns. The input was flowed through the
resin twice to optimize binding of the His-tagged protein target. Four washes and five
elutions were done to purify the Acodl protein. Aliquots were taken at each step and were
separated by SDS-PAGE (70 mins, 150 V) on a 12.5% acrylamide gel to visualize the

purification of the Acod1 protein by coomassie staining.
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APPENDIX

Table A-1. Mass spectrometry results from isotopic labeling of MCF10A and
MCFI10CAT1a lysates. Three replicates were run. If a peptide was found in at least two

samples, the average ratio is presented in the table as light/heavy. The average ratios for

cysteine labeling and ReDiMe labeling are included.

ipi description symbol sequence cysteine abundance
SDPR Serum deprivation- "
095810 response protein SDPR R.MDRQC*AQVK.R 0.02 -
ACSF2 Acyl-CoA "
Q96CM8 | synthetase family member | ACsFz | RMVSTPIGELSYVAGCT 0.065 ;
2, mitochondrial )
ALDH7A1 Alpha-
P49419 aminoadipic semialdehyde ALDH7A1 R.RSTC*TINYSK.D 0.115 -
dehydrogenase
HNRNPU Heterogeneous *
Q00839 nuclear ribonucleoprotein U HNRNPU K.MC*LFAGFQR.K 0.14 0.632000822
QOH1C4 UNC93B1 Protein unc-93 UNC93B1 R.RPC*PYEQAQGGDGPE 0.155 R
homolog B1 EQ.-
P30084 ECHS1 quyl-CoA_ ECHS1 K.ALNALC*DGLIDELNQAL 0.2 0.338874153
hydratase, mitochondrial K.T
P02533 KRT14 Keratin, type | KRT14 RISSVLAGGSC*RA | 0.203333333 | 0.542756477
cytoskeletal 14
ECHS1 Enoyl-CoA %
P30084 hydratase, mitochondrial ECHS1 K.IC*PVETLVEEAIQCAEK.I 0.205 0.338874153
PPA2 Inorganic
Q9H2U2 pyrophosphatase 2, PPA2 K.ILSC*GEVIHVK.I 0.21 0.548250855
mitochondrial
Q7Z4W1 | DCXR L-xylulose reductase DCXR R.AVTNHSVYC*STK.G 0.213333333 -
ECHS1 Enoyl-CoA K.AFAAGADIKEMQNLSFQ
P30084 hydratase, mitochondrial ECHS1 DC*YSSK.F 022 0.338874153
P29590 PML Protein PML PML R.LQDLSSC*ITQGK.D 0.223333333 -
UQCRC1 Cytochrome b-c1 "
P31930 complex subunit 1, UQCRC1 R'NALVSHE%GST TPVC'EDI 0.23 0.475645938
mitochondrial :
Q7Z4W1 | DCXR L-xylulose reductase DCXR R'GVPGAIVN)\/SSQC SQR. 0.233333333 -
HNRNPU Heterogeneous K.GNFTLPEVAEC*FDEITY
Q00839 nuclear ribonucleoprotein U HNRNPU VELQKE 0.236666667 | 0.632000822
UQCRC1 Cytochrome b-c1
P31930 complex subunit 1, UQCRC1 R.LC*TSATESEVAR.G 0.24 0.475645938
mitochondrial
UQCRC1 Cytochrome b-c1 .
P31930 complex subunit 1, uqcrct | KYIYDQC'PAVAGYGPIEQ | 543333333 | 0475645938
" . LPDYNRL.I
mitochondrial
MAVS Mitochondrial K.QGAESDQAEPIIC*SSGA
Q724334 | antiviral-signaling protein | MAVS EAPANSLPSK.V 0.245 -
Qiatsy | SAFB2 Seaffold attachment | sapgy | K FDFDAC*NEVPPAPK.E 0.25 0.533411033
P13647 KRT5 Keratin, type Il KRT5 K.KQC*ANLQNAIADAEQR. 0.253333333 | 0.321940894
cytoskeletal 5 G
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NDUFA7 NADH

095182 NDUFA7 KLSNNYYC*TR.D 0.26 ;
dehydrogenase
KRT5 Keratin, type Il R.VSLAGAC*GVGGYGSR.
P13647 eroskalotal & KRT5 S 0.26 0.321940894
P78347 GTF2| General GTF2l R.SILSPGGSC*GPIK.V 0.265 -
transcription factor |
IFI16 Gamma-interferon- "
Q16666 b6 otom 16 IFI16 K.INQLC*SQTK.G 0.266666667 ;
CKAP4 Cytoskeleton- K SSSSSSASAAAAAAAAS
Q07065 associated protein 4 CKAP4 SSASC*SR.R 027 0790717073
SDHA Succinate .
P31040 dehychogonacs SDHA | K.TLNEADC*ATVPPAIR.S 0.27 0.611915798
KRT17 Keratin. tvop | RLGSAGGLGSTLGGSSYS
Q04695 T Keratn. P KRT17 | SC*YSFGSGGGYGSSFGG | 0.273333333 | 0.561971617
Y VDGLLAGGEK.A
ALDH7A1 Alpha- .
P49419 | aminoadipic semialdehyde | ALDH7A1 | (“CSPCTCIVNVNIPTSGAEL | 573333335 -
GGAFGGEK H
dehydrogenase
IBA57 Putative transferase R.VWAVLPSSPEAC*GAAS
Q5T440 CAF17, mitochondrial IBAS7 LQER.A 0.275 -
UQCRC1 Cytochrome b-c1 "
P31930 complex subunit 1, UQCRC1 K'AVELLGQDIE/}?E'C SLEDS | 576666667 | 0.475645938
mitochondrial )
LAMTOR2 Ragulator LAMTOR *
Qov205 | o LAMTOR2 A R.VANLLLC*MYAK.E 0.28 ;
MGST3 Microsomal K.VEYPIMYSTDPENGHIFN
014880 glutathione S-transferase 3 MGST3 C*IQR.A 0.283333333 )
P07858 CTSB Cathepsin B CTSB K.IC*EPGYSPTYK.Q 0.283333333 | 0.810742706
CARS2 Probable cysteine-- *
QOHAT? | (o e mitochendrial | CARS2 R.QPLLEAC*DTLR.R 0.29 ;
PHF5A PHD finger-like
Q7RTVO domain-containing protein PHF5A R.IC*DEC*NYGSYQGR.C 0.295 -
5A
ADAR Double-stranded
P55265 | RNA-specific adenosine ADAR K.LGNSC*EFR.L 0.296666667 | 0.799095285
deaminase
HADHA Trifunctional *
P40939 enzyme subunit alpha, HADHA K'TG'EQGSEﬁGYLC ESQ 0.3 0515490895
mitochondrial )
HNRNPD Heterogeneous *
Q14103 | nuclear ribonucleoprotein | HNRNPD | K-FGEVVDC N LKLDPITGR. 0.31 0.687448312
DO
MKI67IP MKI67 FHA .
QIBYG3 domain-interacting MKI67IP K'TVDSQGF;{TEVC TPTFLE 0.315 ;
nucleolar phosphoprot )
DYNLL2 Dynein light chain K NADMSEDMQQDAVDC
QO6F.J2 2, cytoplasmic DYNLL2 ATQAMEK.Y 0.315 -
PPA2 Inorganic *
QoH2U2 pyrophosphatase 2, ppa2 | K-DKSTNC'FGDNDPIDVC 0.32 0.548250855
: ! EIGSK.I
mitochondrial
Qoosag | HNRNPU Heterogeneous | \\p\py | K TCNC*ETEDYGEK.F 0.325 0.632000822
nuclear ribonucleoprotein U
KRT17 Keratin, type | *
Q04695 tytoskaatal 13 KRT17 RLSGGLGAGSC*RL | 0.326666667 | 0.561971617
095299 NDUFA10 NADH NDUFA10 | R.SRVITVDGNIC*TGK.G | 0.326666667 | 0.552758353
dehydrogenase
QoNSE4 | 'ARS2lsoleucine--tRNA IARS2 | KKPGLEEAVESAC*AMR.D | 0.326666667 | 0.491745037
ligase, mitochondrial
ISCU Iron-sulfur cluster
Q9H1K1 assembly enzyme ISCU, ISCU K.LHC*SMLAEDAIK.A 0.33 -
mitochon
DLD Dihydrolipoyl *
P09622 dehydrogenase, DLD K'NETLGGT%LNVGC'PSK 0.336666667 | 0.564583947
mitochondrial )
Q49A26 GLYR1 Putative GLYR1 | RTAEKC'DLFIQEGARL 0.34 -

oxidoreductase GLYR1
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IVD lIsovaleryl-CoA

R.GSNTC*ELIFEDCKIPAA

P26440 dehydrogenase, IVD NILGHENK G 0.34 0.45464191
mitochondrial
P15924 DSP Desmoplakin DSP R'ELDECDgﬁ(E{AEDQME'L 0.34 0.281381454
BCKDHB 2-oxoisovalerate
P21953 dehydrogenase subunit BCKDHB R.SGDLFNC*GSLTIR.S 0.34 -
beta, mitoc
Qepixe | C8orfe2 Légggggs protein | cgrfgn R.YEAAFPFLSPC*GR.E 0.34 -
GCSH Glycine cleavage
P23434 system H protein, GCSH K.SC*YEDGWLIK.M 0.34 -
mitochondrial
UQCRC2 Cytochrome b-c1
P22695 complex subunit 2, UQCRC2 R.ENMAYTVEC*LR.G 0.343333333 | 0.416975234
mitochondrial
IFI16 Gamma-interferon- .
Q16666 inducible protein 16 IFI16 K.IIAIANYVC*R.N 0.345 -
FECH Ferrochelatase, R.AIAFTQYPQYSC*STTGS
P22830 mitochondrial FECH SLNAIYR.Y 0.345 -
Q12955 ANK3 Ankyrin-3 ANK3 K.IRDTSQEPC*GR.L 0.345 -
PO7858 CTSB Cathepsin B crsg | RGADHCTGIESEWAGIPR | o345 | 0.810742706
Q16698 | DECRI 2,4-dienoyl-CoA DECR1 | K-GMTTLLSSLGAQC'VIAS 0.345 0.55320366
reductase, mitochondrial R.K
P21912 SDHB Succinate SDHB K.C*GPMVLDALIK.| 0.345 0.514097652
dehydrogenase
PPA2 Inorganic
Q9H2U2 pyrophosphatase 2, PPA2 R.GQPC*SQNYR.L 0.346666667 | 0.548250855
mitochondrial
Q8IVF2 | AHNAK2 Protein AHNAK2 | AHNAK2 K.EKEDTDVADGC*R.E 0.35 0.912419509
FDXR NADPH:adrenodoxin "
P22570 oxidoreductase, FDXR R'ALE'PGEEA'PGVC SAR. 0.35 0.819347319
mitochondrial
P15924 DSP Desmoplakin DSP R'GV'TDQMNSSSﬁYC QreTt 0.35 0.281381454
RBM14/RBM4 fusion
14 \ RBM14/R | K.IFVGNVDGADTTPEELAA
BOLM41 Transcrlptlgr;ilzcoactwator BMA4 LFAPYGTVMSC*AVMK.Q 0.355 -
GNAI2 Guanine nucleotide-
P04899 | binding protein G(i) subunit | GNAI2 K.IIHEDGYSEEEC*R.Q 0.355 0.68573891
al
095299 NDUFA10 NADH NDUFA10 K.C*EVLQYSAR.E 0.355 0.552758353
dehydrogenase
Qi3gzs | AUH Methyiglutaconyl-CoA |y R.SEVPGIFC*AGADLK.E 0.36 ;
hydratase, mitochondrial
ACADS Isobutyryl-CoA
QIUKU7 dehydrogenase, ACADS R.KDAVALC*SMAK.L 0.36 .
mitochondrial
Q14151 | SAFB2 S?:Cf[g'rdBazttaChme”t SAFB2 K.ILDILGETC*K.S 0.36 0.533411033
MRPL44 39S ribosomal "
QOHOJ2 | o aa mitoohondrial | MRPLA4 K. TAFVNSC*YIK.S 0.363333333 -
075390 CS Citrate synthase, cs R.GFSIPEC*QK.L 0.363333333 | 0.649222553
mitochondrial
TMPO Lamina-associated *
P42167 polypeptide 2, isoforms TMPO K'EMFPYEAI‘;S;PTG'SASC 0.363333333 | 0.559613822
beta/gam )
MCCC2 Methylcrotonoyl-
Q9HCCO CoA carboxylase beta MCCC2 K.MVAAVAC*AQVPK.I 0.365 -
chain, mitoch
BDH1 D-beta-
hydroxybutyrate K.METYC*SSGSTDTSPVID
Q02338 dehydrogenase, BDH1 AVTHALTATTPYTR.Y 0.365 -
mitochondria
Qoog3g | HNRNPU Heterogeneous |\ pnpy RAPQC*LGK.F 0.366666667 | 0.632000822

nuclear ribonucleoprotein U
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P15924 DSP Desmoplakin DSP R.DANSENC*NK.N 0.366666667 | 0.281381454
. K.VYQPVSC*PLSDLSENV
Q99590 SCAF11 Protein SCAF11 SCAF11 ESVVNEEK | 0.37 -
NSA2 Ribosome
095478 biogenesis protein NSA2 NSA2 K.ATFC*LPILGVK.K 0.37 -
homolog
HNRNPA2B1 HNRNPA
P22626 Heterogeneous nuclear K.LTDC*VVMR.D 0.373333333 | 0.550731006
b X 2B1
ribonucleoproteins A2/B1
P61586 RHOA Transforming RHOA RIGAFGYMEC*SAK.T | 0.373333333 | 1.448484848
protein RhoA
PHC2 Polyhomeotic-like R.C*SDNSSYEEPLSPISAS
Q8IXKO0 protein 2 PHC2 SSTSRR 0.375 -
NDUFS6 NADH «
075380 dehydrogenase NDUFS6 R.VIAC*DGGGGALGHPK.V 0.375 -
P03928 MT'ATP; Sl eynthase | v ATPg K.IC*SLHSLPPQS - 0.375 -
P38646 HSPA9 Stress-?O_ protein, HSPA9 K.GAVVGIDLGTTNSC*VAV 0.375 0.857285499
mitochondrial MEGK.Q
H7C455 | Uncharacterized protein Ur;ﬁ:"ziﬁ‘d K.NLSTFAVDGKDC*K.V 0.375 0.456413829
MRPS17 28S ribosomal K.VIDPVTGKPC*AGTTYLE
I3LOE3 | irotein S17, mitochondrial | “MRPS17 SPLSSETTQLSK.N 0.376666667 -
P84090 ERH Enhancer of ERH R.TYADYESVNEC*MEGVC 0.38 0.664801865
rudimentary homolog K.M
RAP1B Ras-related protein R.VKDTDDVPMILVGNKC*
P61224 Rap-1b RAP1B DLEDER.V 0.38 0.821408604
PPA2 Inorganic *
QoH2U2 pyrophosphatase 2, ppa2 | KC NGGA'FNQENVQ'SDSP 0.38 0.548250855
mitochondrial )
COMTD1 Catechol O-
. R.LLTLEQPQGDSMMTC*E
Q86VU5 methyltransfe_rase domain- | COMTD1 QAQLLANLAR.L 0.38 -
containing pro
COMTD1 Catechol O-
Q86VU5 methyltransferase domain- | COMTD1 | K.VLQPPKGDVAAEC*VR.N 0.38 -
containing pro
Q9P0J1 PDP1 PDP1 R.SAATC*LQTR.G 0.385 -
QONRP4 ACN Protein ACN9 ACN9 K.AC*FGTFLPEEK.L 0.385 ;
homolog, mitochondrial
DHX9 ATP-dependent %
Q08211 RNA helicase A DHX9 R.AAEC*NIVVTQPR.R 0.385 0.631166662
peogs3 | CDC42 Cell division control | oy K.YVEC*SALTQK.G 0.39 .
protein 42 homolog
Qswuy1 | THEMS L%PHEOSZO protein | 1EME R.AHTVLAASC*AR.H 0.39 ;
P28838 LAP3 Cytosol LAP3 R.SAGAC*TAAAFLK.E 0.39 1.280825496
aminopeptidase
IDH3G lIsocitrate R.HAC*VPVDFEEVHVSSN
P51553 dehydrogenase IDH3G ADEEDIR.N 0.39 0.611421911
ATP5E ATP synthase
P56381 subunit epsilon, ATP5E R.YSQIC*AK.A 0.39 -
mitochondrial
PDHA1 Pyruvate
P08559 dehydrogenase E1 PDHA1 R.VDGMDILC*VR.E 0.393333333 | 0.751340103
component subunit alpha,
GPD2 Glycerol-3-
P43304 phosphate dehydrogenase, GPD2 K.LYDLVAGSNC*LK.S 0.393333333 -
mitochondrial
075390 CS Citrate synthase, cs K LPC*VAAK.I 0.393333333 | 0.649222553
mitochondrial
ALG13 UDP-N- *
Q9NP73 acetylglucosamine ALG13 K'ADLVISHEAKGéGSC LETL 0.395 -
transferase subunit ALG13 ’
075431 MTX2 Metaxin-2 MTX2 K'TLDQVLSEg'\?/?QC CQAL 0.395 -
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ISCU Iron-sulfur cluster

K.NVGTGLVGAPAC*GDVM

Q9H1K1 assembly enzyme ISCU, ISCU KL 0.395 -
mitochon )
[2HGDH L-2-
QoHIPS hydroxyglutarate L2HGDH R.ISELSGC*TPDPRII 0.396666667 ;
dehydrogenase,
mitochondrial
RBM14/RBM4 fusion "
BOLM41 Transcriptional coactivator REM14/R K.IFVGNVSAAC'TSQELR. 0.396666667 -
BM4 s
CoAZ
GNB2 Guanine nucleotide- .
P62879 binding protein ong2 | KAC GDST(';-;QI'TAGLDPV 0.396666667 | 0.582816672
G(1)/G(S)/G(T) :
KDSR 3-
Q06136 ketodihydrosphingosine KDSR R.LISETTSVC*KPEQVAK.Q 0.4 -
reductase
LYRM7 LYR motif- R.KDLLVENVPYC'DAPTQ
Q5U5X0 containing protom 7 LYRM?7 KQ 0.403333333 -
Qoog3g | HNRNPU Heterogeneous |\ pnpyy K AVVVC*PK.D 0.403333333 | 0.632000822
nuclear ribonucleoprotein U
GPD2 Glycerol-3-
P43304 phosphate dehydrogenase, GPD2 R.NYLSC*DVEVR.R 0.405 -
mitochondrial
P38117 ETFB EIe_ctron tra_nsfer ETFB K.EVIAVSC*GPAQC*QETI 0405 1.035508042
flavoprotein subunit beta R.T
TIMM50 Mitochondrial
Q3zCQ8 |  import inner membrane TIMM50 R.VVVVDC*KK.E 0.405 0.761959114
translocase su
Q16718 NDUFAS NADH NDUFA5 | K-TTGLVGLAVC'NTPHER. 0.405 0.605977547
dehydrogenase L
SLC25A6 ADP/ATP .
P12236 A SLC25A6 K.GIVDC*IVR.I 0.405 0.589060365
GLRX5 Glutaredoxin- "
Q865X6 related protein 5, GLRxs | K-CGTPEQPQCTGFSNAWQ 0.41 -
: : ILR.L
mitochondrial
. . Uncharact *
H3BQZ7 Uncharacterized protein erized K.SRDLLVQQASQC*LSK.L 0.41 0.688392323
P53597 SUC"G1|§:§S”V"C°A SUCLGT KIIC*QGFTGK.Q 0.41 0.451691986
P15924 DSP Desmoplakin DSP R.QMGQPC*DAYQK.R 0.41 0.281381454
P23919 DTYMﬁiﬁggrg'dy'ate DTYMK K.LVEALC*AAGHR.A 0.415 ;
BDH1 D-beta-
Q02338 hydroxybutyrate BDH1 K.FGVEAFSDC*LR.Y 0.415 ;
dehydrogenase,
mitochondria
ADCK4 Uncharacterized
Q96D53 | aarF domain-containing ADCK4 R.IVQTLC*TVR.G 0.415 -
protein kin
GNB2 Guanine nucleotide-
P62879 binding protein GNB2 R.TFVSGAC*DASIK.L 0.416666667 | 0.582816672
G(1)/G(S)/G(T)
MRPS11 28S ribosomal K ASHNNTQIQVVSASNEP
P82912 | rotein S11, mitochondrial | MRPSTT LAFASC*GTEGFR.N 0.42 -
pooges | ~SS1 A;g'n”t'r’]‘:sgcc'”ate ASS1 R FELSC*YSLAPQIK.V 0.42 ;
AFG3L2 AFG3-like protein K LASLTPGFSGADVANVC
QOY4W6 > AFG3L2 NEAALAAR K 0.42 0.767424912
P12235 SLC25A4 ADP/ATP SLC25A4 R.EFHGLGDCHIIK.I 0.42 0.662535166
translocase 1
pi2532 | CKMT1B Creatine kinase | o \ir4p | R | GYILTC*PSNLGTGLRA 0.42 0.383051559
U-type, mitochondrial
P50213 IDH3A Isocitrate IDH3A R.IEAAC*FATIK.D 0423333333 | 0.561584903
dehydrogenase
Reverse UVRAG UV radiation
QIP2Y5 resistance-associated gene UVRAG K.LGDLC*VK.W 0.425 -

protein
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P19367 HK1 Hexokinase-1 HK1 K.TVC*GVVSR.R 0.425 0.585075333
SUCLG2 Succinyl-CoA K.IDATQVEVNPFGETPEG
Q96199 ligase SUCLG2 QVVC*FDAK.I 0.426666667 | 0.576446159
PDHA1 Pyruvate
P08559 dehydrogenase E1 PDHA1 R.FAAAYC*R.S 0.426666667 | 0.751340103
component subunit alpha,
QINUP9 LIN7C Protein lin-7 LIN7C R.VLQSEFC*NAVR E 0.43 -
homolog C
SLC25A12 Calcium-binding
075746 mitochondrial carrier SLCZoAT K.NSFDC*FK.K 0.43 ;
protein Aral
Piapag | MYLOBMyoshniightehain | -y g K.ILYSQC*GDVMR.A 0.43 -
P19367 HK1 Hexokinase-1 Hk | RAILQALGLNSTCTODSILY 0.43 0.585075333
P07858 CTSB Cathepsin B CTSB R.EQWPQC*PTIK.E 0.433333333 | 0.810742706
IMMT Mitochondrial inner K.ANC*SDNEFTQALTAAIP
Q16891 membrane protein IMMT PESLTR.G 0.433333333 | 0.749093946
GNB2 Guanine nucleotide-
P62879 binding protein GNB2 R.ELPGHTGYLSC*CR.F 0.433333333 | 0.582816672
G(1)/G(S)/G(T)
ACAT1 Acetyl-CoA .
P24752 acetyltransferase, AcaTy | RQAVLGAGLEISTPCTTTIN | 0 433333333 | 0.491243112
mitochondrial )
ETFDH Electron transfer *
Q16134 flavoprotein-ubiquinone ETFDH R FC'PAGVYEFVPVEQGD 0.435 -
) GFR.L
oxidored
L2HGDH L-2-
Q9HIPS hydroxyglutarate L2HGDH R.GLMAIDC*PHTGIVDYR. 0.435 R
dehydrogenase, Q
mitochondrial
NUP98 Nuclear pore
P52948 complex protein Nup98- NUP98 K.ADTSQEIC*SPR.L 0.436666667 -
Nup96
GNAI3 Guanine nucleotide-
P08754 binding protein G(k) subunit GNAI3 R.DGGVQAC*FSR.S 0.44 0.80986791
al
CNP 2,3-cyclic-nucleotide K.DKPELQFPFLQDEDTVA
P09543 3-phosphodiesterase CNP TLLEC*K.T 0.44 j
Q13425 SNTB2 Beta-2-syntrophin SNTB2 R.LVHSGSGC*R.S 0.44 -
015208 | GNPAT Dihydroxyacetone | oypat K.NALAAC*VR.L 0.44 ;
phosphate acyltransferase
HNRNPH2 Heterogeneous HNRNPH
P55795 nuclear ribonucleoprotein 5 R.GLPWSC*SADEVMR.F 0.44 0.851502648
H2
Qiaggo | NUMAT Nuclearmitotic | ;a4 R.LDFVC*SFLQK.N 0.44 0.568591307
apparatus protein 1
000159 MYO1CmL;2§i‘;'j‘I’§”“°”a' MYO1C | RLLQFYAETC*PAPER.G 0.44 0.526340326
. . Uncharact | R.DYPLELFMAQC*YGNISD
F5H5P2 Uncharacterized protein erized LGK.G 0.445 -
NTPCR Cancer-related .
Q9BSD7 nucleoside-triphosphatase NTPCR R.NADC*SSGPGQR.V 0.445 -
Qoyzxs | NOPS8 Nudleolarprotein | NOP58 | K.TYDPSGDSTLPTC'SKK | 0.446666667 | 0.60872295
CCDC51 Coiled-coil
Q96ER9 domain-containing protein CCDC51 K.TC*SQMAGVVQLVK.S 0.446666667 -
51
GPATCHS8 G patch GPATCH
Q9UKJ3 domain-containing protein 8 K.VSETQMC*ESNSSK.E 0.45 -
8
BOP1 Ribosome *
Q14137 biogenesis protein BOP1 BOP1 K.KTTEEQVQASTPC*PR.T 0.45 -
SLC25A4 ADP/ATP R.YFAGNLASGGAAGATSL
P12235 translocase 1 SLC25A4 C*FVYPLDFAR.T 0.45 0.662535166
QoBvpz | CGNL3Guanine nucleotide- | 5y, 3 K.KLYC*QELK.K 0.45 0.877819754

binding protein-like 3
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TSFM Elongation factor Ts,

P43897 : f TSFM RFEC*GEGEEAAETE.- | 0.453333333 | 0.747319347
mitochondrial
LAMTOR2 Ragulator LAMTOR .
Qov205 | (o e AMTOR? A K.FILMDC*MEGR.V 0.455 ;
MACROD1 O-acetyl-ADP- MACROD
Q9BQ69 ribose deacetylase 1 R.AAGPLLTDEC*R.T 0.456666667 -
MACROD1
GNB1 Guanine nucleotide- "
P62873 binding protein on1 | KAC ADAT(';'SIQ'TNN'DPV 0.456666667 | 0.582816672
G(1)/G(S)/G(T) :
P08670 VIM Vimentin VIM R.QVQSLTC*EVDALK.G | 0.456666667 | 0.5374952
QsTBP6 | SLC25A40Solute carier | SLC25A4 | | GENETCHIPIVAGIVAR F 0.46 -
family 25 member 40 0
HNRNPU Heterogeneous "
Q00839 | 8 o ceearotom U | HNRNPU K.GKVC*FEMK.V 0.46 0.632000822
095299 NDUFA10 NADH NDUFA10 |  RKQC*VDHYNEVK.S 0.46 0552758353
dehydrogenase
DHX9 ATP-dependent :
Q08211 RNA hopopend DHX9 KLAAQSC*ALSLVR.Q | 0.463333333 | 0.631166662
MMTAG2 Multiple
Q9BU76 | myeloma tumor-associated | MMTAG2 R.APC*AGPSR.E 0.465 -
protein 2
p11498 | PC Pyruvate carboxylase, PC R.ADFAQAC*QDAGVR F 0.465 0.455462673
mitochondrial
DHCR24 Delta(24)-sterol * _
Q15392 4 Defla DHCR24 R.GLEAIC*AK F 0.47
PO1111 NRAS GTPase NRas NRAS R'VKDSDDDL\;PT'\Q{VTLVGNKC 0.47 2.095579134
015525 | MAFG Tra,'\‘/lsacfrc';p“on factor | viaFG R.GYAASC'R.V 0.473333333 ;
P31040 SDHA Succinate SDHA R.VGSVLQEGC*GK.| 0.473333333 | 0.611915798
dehydrogenase
Q8NFF5 FLAD1 FAD synthase FLAD1 K'LTLDSEI_ETi%PI'_-EEC LAY 0.475 ;
P35658 NUP214 Nuclear pore NUP214 | R.TSC*KDDEAVVQAPR.H 0.475 0.601631702
complex protein Nup214
RBM14/RBM4 fusion REMIAR
BOLM41 Transcriptional coactivator R.VIEC*DVVK.D 0.476666667 -
BM4
CoAZ
NHP2 H/ACA 3
QOINX24 | ribonucleoprotein complex |  NHP2 K'ADPDGPFQ?AEAC SGE | (476666667 | 0.704512856
subunit 2 )
KIAA1967 DBIRD complex RVHLTPYTVDSPIC'DFLE
Q8N163 e Ao KIAA1967 o 0.48 ;
QoY446 PKP3 Plakophilin-3 PKP3 K.SVENAVC*VLR.N 0.48 0.661092802
GNB1 Guanine nucleotide-
P62873 binding protein GNB1 R.ELAGHTGYLSC*CR.F 0.48 0.582816672
G(I)/G(S)/G(T)
SUCLG2 Succinyl-CoA R.SC*NGPVLVGSPQGGVD
Q96199 igse SUCLG2 O AASNPEL IFICE 0.48 0.576446159
ATP50 ATP synthase R.GEVPC*TVTSASPLEEAT
P48047 | g bunit O, mitochondrial | ATP90 LSELK.T 0.48 0.456858595
75521 | ECI2 Enoyl-CoA defta . KLHAVNAEEC'NVLQGR. |  yauaaanns -
isomerase 2, mitochondrial W
SLC25A3 Phosphate *
Q00325 carrier protein, SLC25A3 K'GWAPTFLC;YSMQG'—C K 0.485 0.704777215
mitochondrial )
ZC3HAV1 Zinc finger
Q7Z2W4 | CCCH-type antiviral protein | ZC3HAV1 |  R.SC*TPSPDQISHRA | 0.486666667 ;
1
SQRDL Sulfide:quinone %
Q9Y6N5 oxidoreductase, SQRDL K'KYDGYTS% PLVTGYNR. | 486666667 | 1.602774875
mitochondrial
P51553 IDH3G Isocitrate IDH3G KLGDGLFLQC*CRE | 0.486666667 | 0.611421911
dehydrogenase
75521 | ECI2 Enoyl-CoA defta Eclz | RWLSDEC TNAVVNFLSR, 049 -
isomerase 2, mitochondrial K
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MRPL38 39S ribosomal

K.QDQPIDFSEDARPSPC*

QO6DV4 | 1 otein L38, mitochondrial | MRPL38 YQLAQR.T 0.49 -
MRPS18A 28S ribosomal .
QONVS2 | o e mitochoacral | MRPS18A R.DNVC*YSR.T 0.49 ;
RING1 E3 ubiquitin-protein "
Q06587 ot RINGT RING1 K.GEYC*QTR.Y 0.49 ;
MRPL1 395 ribosomal K IATLDMSSDQIAANLQAV
QIBYD6 | | iein L1, mitochondrial | MRPL1 INEVC*R.H 0.49 0.993240093
Q15149 PLEC Plectin pLec | RILLEAQACTOGIDPSTG 0.49 0.941752628
HSPA9 Stress-70 protein, .
P38646 AL HSPA9 | K.MEEFKDQLPADEC*NK.L 0.49 0.857285499
RRP1B Ribosomal RNA
Q14684 processing protein 1 RRP1B R.VFC*VEEEDSESSLQK.R 0.49 -
homolog B
ALDH6A1 Methylmalonate-
Q02252 semialdehyde ALDH6A1 KERVC*NLIDSGTKE | 0.493333333 ;
dehydrogenase
Qovawe | AFG3L2 AFGZ?’""‘G protein | AFG3L2 K.FKDVAGC*EEAKL | 0.493333333 | 0.767424912
075947 ATPSH ATP synthase ATP5H K.SC*AEWVSLSK A 0.493333333 | 0.523716386
subunit d, mitochondrial
pg2gp1 | MRPS2128S rbosomal | yippg) K. NRADPWQGC* - 0.495 -
protein S21, mitochondrial
MRPL54 39S ribosomal K GAVTSEALKDPDVC*TD
Q6P161 | 1 otein L54, mitochondrial | MRPL94 | pyQLTTYAMGVNIYK.E 0.495 -
043390 | HNRNPR Heterogeneous |\ p\pr K.LC*DSYEIRPGK.H 0.495 0.891887933
nuclear ribonucleoprotein R
[2HGDH L-2-
Q9HIPS8 hydroxyglutarate L2HGDH K.AC*FLGATVK.Y 0.496666667 ;
dehydrogenase,
mitochondrial
RBM14/RBM4 fusion RBM14/R
BOLM41 Transcriptional coactivator BMA4. R.TAPGMGDQSGC*YR.C 0.496666667 -
CoAZ
PDHX Pyruvate "
000330 dehydrogenase protein X PDHX K.STVPHAYATADC'DLGA 0.5 -
; VLK.V
component, mitoch
ALDHOAT 4-
P49189 | trimethylaminobutyraldehyd | ALDHOA1 |  K.TVC*VEMGDVESAF - 0.5 1.452758353
e dehydrogenase
CSTF2T Cleavage
Q9HOL4 stimulation factor subunit 2 CSTF2T K.LC*VQNSHQEAR.N 0.505 -
tau variant
Pe2910 | P32 60S ribosomal RPL32 | K.SYC*AEIAHNVSSKN 0.505 -
protein L32
P21912 SDHB Succinate SDHB R.C*HTIMNCTR.T 0.505 0514097652
dehydrogenase ) ) ) )
ICT1 Peptidyl-tRNA
Q14197 hydrolase ICT1, ICT1 R.NLADC*LQK.| 0.506666667 | 1.034654235
mitochondrial
Pss7eg | N-oLT NHAFZ-Ake protein | \ppoi 1 | RACGVSRPVIAC'SVTIKE | 0.506666667 | 0.842852039
QouHges | LIMA1LIM domain and LIMA1 K KMENC*LGESR H 0.51 11.15537336
actin-binding protein 1
SNRNP40 U5 small :
Q96DI7 nuclear ribonucleoprotein SNRNP40 R.C*SSLQAPIMLLSGHEGE 0.51 0.857751699
. VYCCK F
40 kDa protein
Qog714 | HSD17B10 3-hydroxyacyl- | HSD17B1 | o \/pyayNCAGIAVASK.T 0.51 0.708885495
CoA dehydrogenase type-2 0
VDAC1 Voltage-dependent *
P21796 | anion-selective channel | vDact | REMINLGCDVDFDIAGPS 0.51 0.586841001
protein )
043837 IDH3B Isocitrate IDH3B K.LGDGLFLQC*C*EEVAEL 0.51 0.553613054
dehydrogenase YPK.I
HSD17B10 3-hydroxyacyl- | HSD17B1 | K.KLGNNC*VFAPADVTSE
Q9714 | (o b dronenane a2 ) o 0513333333 | 0.708885495
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SLC25A5 ADP/ATP

P05141 SLC25A5 | K.GTDIMYTGTLDC*WRK | 0.513333333 | 0.600767177
translocase 2
) . Uncharact | KANFSLPEKC*DYMDEVT
H3BQZ7 Uncharacterized protein erized YGELEKEEAQPIVTK.Y 0.515 0.688392323
QOP2R7 SUCLAZHE:S:'”V"CM SUCLA2 KILAC*DDLDEAARM | 0.516666667 | 0.602403344
P50g91 | CCT T-complex protein 1 cora | KLGGTIDDCELVEGLVLT 052 | 106498674
subunit delta QK.V
RPL4 60S ribosomal R.YAIC*SALAASALPALVM
P36578 otoin L4 RPL4 SO 0.52 0776301476
QoBwys | SFIBOSPlANglactor3B | gpaps | K MLQPC'GPPADKPEEN.- | 0.523333333 -
ps5769 | NHP2LT NH'jz"”‘e protein | NHP2L1 | KKLLDLVQQSC*NYK.Q | 0.523333333 | 0.842852039
DNAJC11 DnaJd homolog "
QONVHT | O Cmamber 1+ | DNAJCTT | KVIDVTVPLQC'LVK.D 0.525 -
PELP1 Proline-, glutamic *
Qs8izL8 acid- and leucine-rich PELP1 R'KGDSNANEDVC AAALR. 0.525 ;
protein
P05141 SLC25A5 ADP/ATP SLC25A5 R.GLGDC*LVK.I 0526666667 | 0.600767177
translocase 2
P07602 PSAP Proactivator PSAP R.LGPGMADIC*K.N 0.526666667 | 0.800459949
polypeptide
ACAT1 Acetyl-CoA *
P24752 acetyltransferase, ACAT1 | KDGLTDVYNKIHMGSC'A | 556666667 | 0.491243112
. . ENTAK K
mitochondrial
FTSJ3 pre-rRNA "
QBIVE1 | e o FTsJs | FTSU3 K.QQLPQTPPSC*LK.T 0.53 1.322660736
ETFA Electron transfer
P13804 | flavoprotein subunit alpha, | ETFA R.TIYAGNALC*TVK.C 0.53 0.913986907
mito
095571 ETHE1 Protein ETHET, ETHE1 R.SLLPGC*QSVISR.L | 0.533333333 | 1.214913949
mitochondrial
pa3go7 | 'SFMElongationfactor Ts, | rqpy K. TGYSFVNC*K.K 0533333333 | 0.747319347
mitochondrial
015533 TAPBP Tapasin TAPBP | KWASGLTPAQNC*PRA 0.535 R
Qovacs | RBM19 Probable RNA- RBM19 R.ITVEFC'K.S 0.535 ;
binding protein 19
CHCHD3 Coiled-coil-helix-
QINX63 | coiled-coil-helix domain- | CHCHD3 R.ERIC*SEEERA 0.535 0.690267842
contain
QoUMS4 PRPF19 Pre-mRNA- PRPF19 | R.QELSHALYQHDAAC*R.V 0.535 0.688157436
processing factor 19
HNRNPM Heterogeneous
P52272 nuclear ribonucleoprotein HNRNPM K.AC*QIFVR.N 0.536666667 | 0.459448597
M
RPNT Dolichyl-
P04843 | diphosphooligosaccharide— | RPN1 K. TEGSDLC*DR.V 0.536666667 | 0.804201163
protein glycosy
P56962 STX17 Syntaxin-17 STX17 | KLTSSC*PDLPSQTDKK.C 0.54 ;
HNRNPULA
Q9BUJ2 | Heterogeneous nuclear | NS | RWDVLIQQATQCLNRL 0.54 ;
ribonucleoprotein U-like pro
MRPL45 39S ribosomal R.SIHLAC*TAGIFDAYVPPE
QO9BRJZ | i otein L45, mitochondrial | MRPL45 GDAR.I 0.54 -
ors533 | SF3B1 SSEL'J‘S;‘E ‘;""Ctor 3B SF3B1 R.VAIGPC*R.M 0.54 0.84270557
OXCT1 Succinyl-CoA:3-
P55809 ketoacid coenzyme A OXCT1 K.STGC*DFAVSPK.L 0.54 0.612400754
transferase 1,
GNG10 Guanine A A
P50151 nucleotide-binding protein GNG10 K.VSQ ngSYCMQNA 0.543333333 -
G(1)/G(S)/G(0) :
P60763 RAC3 Ras-related C3 RAC3 R.AVLC*PPPVK.K 0.543333333 ;
botulinum toxin substrate 3
Po440s | GAPDH Glyceraldehyde-3- | =~ oy | R yPTANVSVWDLTC'RLL | 0543333333 | 07724129

phosphate dehydrogenase
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SNRPD3 Small nuclear KVLHEAEGHIVTC'ETNTG
Pe2318 | o i e b | SNRPDS o 0.545 1153576436
DUT Deoxyuridine 5-
P33316 triphosphate DUT R.IAQLIC*ER.I 0.545 -
nucleotidohydrolase,
Q15286 | RAB3S Ras Telased Proten | RAB35 | RWLHEINGNC'DDVCR.I | 0.546666667 ;
QoHose | SLC29A22 Mitochondrial | SLC25A2 RVYTSMSDC'LIKT | 0.546666667 -
glutamate carrier 1 2
095571 | ETHE1 Protein ETHET, ETHE1 RLTLSC*EEFVK.| 0.546666667 | 1.214913949
mitochondrial
P12235 SLC25A4 ADPIATP SLC25A4 | K.GADIMYTGTVDC*WRK | 0.546666667 | 0.662535166
translocase 1
KRT14 Keratin, type | "
P02533 tytoskolotal 14 KRT14 R.C*EMEQQNQEYK.| 0.55 0.542756477
ACAT1 Acetyl-CoA
P24752 acetyltransferase, ACAT1 K.VC*ASGMK.A 0.55 0.491243112
mitochondrial
MRPS5 28S ribosomal R.GWSGNSWGGISLGPPD
PB2675 |  brotein S5, mitochondrial | “MIRPSS PGPC*GETYEDFDTR.I 0.55 -
Qs3H12 | AGKAcylglycerol kinase, AGK KATVFLNPAAC*K.G 0.55 ;
mitochondrial
p50336 | FPOX Prgﬁggg‘y”mge” PPOX | R.GQPVC*GLSLQAEGRW 0.55 ;
RBFA Putative ribosome-
Q8NOV3 binding factor A, RBFA K.VSLTPDFSAC*R.A 0.55 ;
mitochondrial
HNRNPH1 Heterogeneous HNRNPH "
P31943 | L oncomonrotan 1 ) R.GLPWSC*SADEVQR.F 0.55 0.836485992
SLC25A10 cDNA )
BADLN1 | FLJG0124, highly similarto | SLC2OAT | RTDGILALYSGLSASLETR, 0.55 0.692764962
Mitochondrial dic
000159 MYO1CmL;2§%rI‘I’§”t'°”a' MYO1C RNLKETMC*SSK.N 0.55 0.526340326
p5033s | TPOX Prgﬁgg;‘;"y””oge” PPOX | RLGPEVASLAMDSLC'R.G | 0.553333333 ;
P11388 _TOP2A DNA TOP2A K.LC*NIFSTK.F 0.555 ;
topoisomerase 2-alpha
H3BQZ7 | Uncharacterized protein U”ecrihzaeﬁ“’t R.NFILDQC*NVYNSGQR.R 0.555 0.688392323
CHERP Calcium
Q8IWX8 homeostasis endoplasmic CHERP K.LALEQQQLIC*K.Q 0.555 -
reticulum protein
SHMT2 Serine
P34897 | hydroxymethyltransferase, | SHMT2 R.MREVC*DEVK.A 0.556666667 | 1.061903741
mitochondrial
DBT Lipoamide
P11182 | acyltransferase component | DBT | KAASLGLLQFPILNASVDE | soaegaa67 | 1.03779171
NC*QNITYK.A
of branched-ch
ILVBL Acetolactate *
A1LOTO aonthaco ke oo ILVBL K.VLHDAQQQC*R.D 0.56 ;
QOUJA2 CRLS1 Cardiolipin CRLS1 K.YFNPC*YATAR.L 0.56 ;
synthase
Q6P4A7 |  SFXN4 Sideroflexin-4 sexng | ROALLCTTNEDVSSPASAD 0.56 -
TUFM Elongation factor Tu, KNMITGTAPLDGC ILVVA
P4gan mitochondrial TUFM ANDGPMPQTR.E 0.56 0.632853736
P10620 MGST1 Microsomal MGST1 | KVFANPEDC*VAFGK.G | 0.563333333 | 2.735664336
glutathione S-transferase 1
VDACS3 Voltage-dependent *
Qov277 |  anion-selective channel | VDAC3 | SCTSCVEESTSGHAYID 16 563333333 | 0.487586743
protein )
AASS Alpha-aminoadipic
Q9UDR5 semialdehyde synthase, AASS K.YNINPVSMDIC*K.Q 0.565 -
mitochond
QoeeLs | MRPLS3 39S ribosomal i ypp 53 | R STNLNC*SVIADVR H 0.565 -

protein L53, mitochondrial
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OPAS3 Optic atrophy 3

QOH6EK4 e OPA3 R.AQLC*NPGR.S 0.565 ;
ACAT1 Acetyl-CoA .
P24752 acetyltransferase, ACAT1 | KQGEYGLASIC'NGGGGA | 5aaep6667 | 0.491243112
! . SAMLIQK.L
mitochondrial
SLC25A11 Mitochondrial 2- SLC25A1
Q02978 oxoglutarate/malate carrier 1 R.GC*IPTMAR.A 0.57 -
protei
IDH3A Isocitrate K TFDLYANVRPC*VSIEGY
P50213 oot IDH3A W 0.57 0.561584903
HNRNPM Heterogeneous
P52272 | nudclear ribonucleoprotein | HNRNPM | K.DKFNEC*GHVLYADIK.M 0.57 0.459448597
M
CKMT1B Creatine kinase "
P12532 Utyae, mitachondrial CKMT1B R.GLSLPPAC*TR.A 0.57 0.383051559
UBE2I SUMO-conjugating K.QILLGIQELLNEPNIQDPA -
P63279 enzyme UBCY UBE2I QAEAYTIYC*QNR.V 0.57
095716 | RAB3D R;Z'k'fgased protein | pAR3D R.LVDVIC*EK.M 0.57 ;
NDUFV1 NADH N
P49821 ohyerodonass NDUFV1 K. HESCGQC*TPCR.E 0.57 0.545019157
SNRNP40 U5 small )
QU6DI7 | nuclear ribonucleoprotein | SNRNP4o | R-REPALVCTTGSDDGTVK 0.575 0.857751699
40 kDa protein i
QOP2R7 SUCLAZHS:S;"”V"COA SUCLA2 | R.C*DVIAQGIVMAVK.D 0.575 0.602403344
P02533 KRT14 Keratin, type | KRT14 | K.GSC*GIGGGIGGGSSR.I | 0.576666667 | 0.542756477
cytoskeletal 14
ACADVL Very long-chain
P49748 specific acyl-CoA AcADvL | K-ELGAFGLQVPSELGGVG 0.58 0.995332637
LC*NTQYAR.L
dehydrogenase, m
pasgg7 | 'SFMElongation factor Ts, | 1gpy, K ALETC*GGDLK.Q 0.58 0.747319347
mitochondrial
P1ageg | DARS Aspartate—RNA DARS R.LEYC'EALAMLR E 0.58 -
ligase, cytoplasmic
GOT2 Aspartate .
P00505 aminotransferase, otz | KCNLDKEVLPIGGLAEFCTK 0.58 0.907056417
mitochondrial
ATP5A1 ATP synthase
. K.YTIVVSATASDAAPLQYL
P25705 subunit alpha, ATP5A1 JAVAS A aviinprite) 0.58 0.473538211
mitochondrial
H2AFY Core histone *
075367 NS H2AFY K.NC*LALADDK.K 0583333333 | 0.920713769
MRPL44 39S ribosomal R.QSGGTTALPLYFVGLYC
QOHOJ2 | tein L44, mitochondrial | MRPLA4 DK K 0.585 -
DYNLLA Dynein light chain K NADMSEEMQQDSVEC*
P63167 oo DYNLL1 AL By 0.586666667 ;
Qo7os5 | SRSF1 Serine/arginine-rich | gpary R.EAGDVC*YADVYRD | 0.586666667 | 0.990386625
splicing factor 1
P53597 SUCLG1IiS:§e°'”V"C°A SUCLG1 | RLIGPNC*PGVINPGECK.| | 0.586666667 | 0.451691986
VDACS3 Voltage-dependent
QY277 |  anion-selective channel VDAC3 KVC*NYGLTFTQKW | 0.586666667 | 0.487586743
protein
MRE11A Double-strand
P49959 break repair protein MRE11A K.VTQAIQSFC*LEK.| 0.59 ;
MRE11A
GNAI2 Guanine nucleotide-
P04899 binding protein G(i) subunit GNAI2 K.NNLKDC*GLF.- 0.59 0.68573891
al
QoY446 PKP3 Plakophilin-3 PKP3 R.SAVDLSC*SR.R 0.59 0.661092802
paga11 | TUFMElongation factor Tu, | 1y, K.GDEC*ELLGHSK.N 0.59 0.632853736
mitochondrial
043837 IDH3B Isocitrate Dr3s | KLGDGLFLQC*CEEVAELY 059 0553613054
dehydrogenase PK.I
LETM1 LETMA and EF-
095202 | hand domain-containing | LETM1 | KLFEDELTEDNLTRPQLVA 0.59 0.926329609

protein 1, mit
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GNAL Guanine nucleotide-

P38405 binding protein G(olf) GNAL R.VFNDC*R.D 0.593333333 -
subunit
075431 MTX2 Metaxin-2 MTX2 K.NYSNLLAFC*R.R 0.596666667 -
UQCRC2 Cytochrome b-c1
P22695 complex subunit 2, UQCRC2 R.NALANPLYC*PDYR.I 0.596666667 | 0.416975234
mitochondrial
PKM Pyruvate kinase R.AEGSDVANAVLDGADC*
P14618 isozymes M1/M2 PKM IMLSGETAK.G 0.6 1.042960105
K.IPTLEEGLQLPSPTATSQ
pe1g7g | HINRNPK'Heterogeneous | \\\onpyk | | PLESDAVEC*LNYQHYK. 0.6 1.041240879
nuclear ribonucleoprotein K G
PRKDC DNA-dependent
P78527 protein kinase catalytic PRKDC R.FNNYVDC*MKK.F 0.6 0.995679161
subunit
P10809 HSPD1 _60 kI_Da heat s_hock HSPD1 R.AAVEEGIVLGGGC*ALLR 0.6 0.714611187
protein, mitochondrial .C
FKBP8 Peptidyl-prolyl cis- * _
Q14318 trans isomerase FKBP8 FKBP8 K.C*LNNLAASQLK.L 0.6
TMEM209 Transmembrane R.SQAPC*ANKDEADLSSK.
Q96SK2 protein 209 TMEM209 Q 0.606666667 -
MRPL53 39S ribosomal "
Q96EL3 protein L53, mitochondrial MRPL53 R.VQFC*PFEK.N 0.606666667 -
ACADVL Very long-chain
P49748 specific acyl-CoA ACADVL R.LFVALQGC*MDK.G 0.606666667 | 0.995332637
dehydrogenase, m
p23zgs | PPIB Peplidyl-prolyl cis- PPIB R.DKPLKDVIIADC*GK.I | 0.606666667 | 0.982430851
trans isomerase B
P4agasg | SRP Signal recognition SRP9 K.VTDDLVC*LVYK.T 0.61 ;
particle 9 kDa protein
MT-ND3 NADH-ubiquinone *
P03897 oxidoreductase chain 3 MT-ND3 K.STPYEC*GFDPMSPAR.V 0.61 -
ETFB Electron transfer K.HSMNPFC*EIAVEEAVR.
P38117 flavoprotein subunit beta ETFB L 0.61 1.035508042
DDX27 Probable ATP-
Q96GQ7 dependent RNA helicase DDX27 K.AC*IPVGLLGK.D 0.61 1.0000777
DDX27
SLC25A1 Tricarboxylate
P53007 transport protein, SLC25A1 R.GIGDC*VR.Q 0.61 0.904011825
mitochondrial
BCAT2 Branched-chain- "
015382 amino-acid BeaTz | REVFGSGTACTQVCPVHR 0.61 0.877830024
aminotransferase, mitoch ’
U2AF1 Splicing factor *
Q01081 U2AF 35 kDa subunit U2AF1 K.DKVNC*SFYFK.I 0.61 1.090154418
. . K.EKLC*YVALDFEQEMAT
P60709 ACTB Actin, cytoplasmic 1 ACTB AASSSSLEK S 0.613333333 | 1.610252838
NONO Non-POU domain-
Q15233 containing octamer-binding NONO R.C*SEGSFLLTTFPR.P 0.615 0.775898686
protein
pag77e | RO-27ABOSTibosomal i gp 974 | K RNQSFC*PTVNLDKL | 0.616666667 -
protein L27a
HMGCL
P35914 | Hydroxymethylglutaryl-CoA | HMGCL K.KNINC*SIEESFQR.F 0.616666667 -
lyase, mitochondrial
015213 WDR46 WD repeat- WDR46 K.VPAELIC*LDPR A 0.616666667 ;
containing protein 46
P02795 MT2A Metallothionein-2 MT2A K.KSC*CSCCPVGCAK.C 0.62 -
P35270 SPR Sepiapterin reductase SPR K.GKLVDC*K.V 0.62 -
QoeT23 | RSF1Remadeling and RSF1 R.VTDLVDYVC*NSEQL.- 0.62 ;
spacing factor 1
Q4G0J3 | LARPT La-related protein 7 | LARP7 | R-SRPTSECSDIESTERQK 0.62 -
PGRMC1 Membrane-
000264 associated progesterone PGRMCH1 R.GLATFC*LDK.E 0.62 1.38697318

receptor componen
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MRPL37 39S ribosomal

R.NHIENQDEC*VLNVISHA

Q9BZE1 protein L37, mitochondrial MRPL37 RL 0.62 1.327428127
SHMT?2 Serine
P34897 hydroxymethyltransferase, SHMT2 R.AALEALGSC*LNNK.Y 0.62 1.061903741
mitochondrial
PRKDC DNA-dependent
P78527 protein kinase catalytic PRKDC K.NTC*TSVYTK.D 0.62 0.995679161
subunit
VDACS3 Voltage-dependent
QoY277 anion-selective channel VDAC3 K.YMLDC*R.T 0.62 0.487586743
protein
QSHYI8 | RABL3Rab-ike protein3 | RABL3 | RTAFLAEDEIPEEINLDC 0.62 -
NUP93 Nuclear pore K.LNQVC*FDDDGTSSPQD
Q8N1F7 complex protein Nup93 NUP93 RL 0.623333333 -
MDH2 Malate "
P40926 dehydrogenase, MDHz | (SQETECTTYFSTPLLLGK 1 g 653333333 | 0706630338
mitochondrial
p4g7g2 | RANBP2E3 SUMO-protein | paNgpo | RVWLWTAC*DFADGERK 0.625 ;
ligase RanBP2
C140rf159 UPF0317 C14orf15
Q7Z3D6 protein C140rf159, 9 K.APPGC*LTPERL.I 0.625 -
mitochondrial
ps2597 | HNRNPF Heterogeneous |\ pNpE | R DLSYC*LSGMYDHR.Y 0.625 1.183898222
nuclear ribonucleoprotein F
STOML2 Stomatin-like R.ERESLNASIVDAINQAAD
QouUJZ1 brotein 2 STOML2 C*'WGIR.C 0.625 0.870134591
HNRNPK Heterogeneous "
P61978 nuclear ribonucleoprotein K HNRNPK K.GSDFDC*ELR.L 0.626666667 | 1.041240879
RNMTL1 RNA
Q9HC36 methyltransferase-like RNMTLA R.SAAGAGC*SK.V 0.626666667 -
protein 1
ICT1 Peptidyl-tRNA
Q14197 hydrolase ICT1, ICT1 R.LTISYC*R.S 0.626666667 | 1.034654235
mitochondrial
AGPATS5 1-acyl-sn-
Q9NUQ2 glycerol-3-phosphate AGPAT5 K. ATHVAFDC*MK.N 0.63 -
acyltransferase eps
GPD1L Glycerol-3-
Q8N335 phosphate dehydrogenase GPD1L K.NIVAVGAGFC*DGLR.C 0.63 -
1-like protein
P39023 RPL3 60S ribosomal RPL3 K.GC*VWGTK.K 0.63 1.564851879
protein L3
ETFA Electron transfer
P13804 flavoprotein subunit alpha, ETFA R.LGGEVSC*LVAGTK.C 0.63 0.913986907
mito
GAPDH Glyceraldehyde-3- K.IISNASC*TTNCLAPLAK.
P04406 phosphate dehydrogenase GAPDH vV 0.63 0.7724129
. . Uncharact | R.LQEALDAEMLEDEAGG
H3BQZ7 Uncharacterized protein erized GGAGPGGAC*K A 0.63 0.688392323
MDH2 Malate
P40926 dehydrogenase, MDH2 K.EGVVEC*SFVK.S 0.633333333 | 0.706639338
mitochondrial
Q5JTH9 RRP12 RRP12-like protein RRP12 K. AAQHGVC*SVLK.G 0.635 -
e R.VTEDENDEPIEIPSEDDG
Q13148 | TARDBP TARDNA-binding | rappBp | TVLLSTVTAQFPGAC*GLR. 0.635 0.802797203
protein 43 v
Qiaggo | NUMAT Nuclearmitotic |1 | K HPSSPEC*LVSAQK.V 0.635 0.568591307
apparatus protein 1
P15924 DSP Desmoplakin DSP K.AC*GSEIMQK.K 0.64 0.281381454
P35270 SPR Sepiapterin reductase SPR R.TVVNISSLC*ALQPFK.G 0.64 -
SAMMS50 Sorting and
Q9Y512 assembly machinery SAMM50 R.IC*DGVQFGAGIR.F 0.64 -
component 50 homolo
LRPPRC Leucine-rich PPR
P42704 motif-containing protein, LRPPRC R.C*VANNQVETLEK.L 0.643333333 | 0.800215238

mitocho
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MRPL43 39S ribosomal

Q8N9B3 | 0 05 mitochendnal | MRPLA3 R.PCC*VPR.V 0.643333333 -
CEBPB CCAAT/enhancer- .
P17676 Sinding aroteim bot CEBPB KAEPGFEPADC*KRK | 0.643333333 ;
GADD45GIP1 Growth GADDAS
Q8TAES8 arrest and DNA damage- GIP1 R.EQHIAEC*MAK.M 0.645 -
inducible proteins-in
Qovawe | AFG3L2 AFGZ?’""‘G protein | AFG3L2 R.MC*MTLGGR.V 0.645 0.767424912
HNRNPM Heterogeneous
P52272 nuclear ribonucleoprotein HNRNPM K.SRGC*AVVEFK.M 0.645 0.459448597
M
ooose7 | NOPS6 N“‘gZO'ar protein | \opse | R.IDC*FSEVPTSVFGEKL | 0.646666667 | 0.761383954
Q15149 PLEC Plectin PLEC R.VPLDVAC*AR.G 0.646666667 | 0.941752628
p179g7 | 'CP1T-complexprotein1 | ropy K.AC*LDFSLQK.T 0.65 1.079708223
subunit alpha
CCDC51 Coiled-coil
Q96ER9 domain-containing protein CCDC51 R.QVHSC*LEGLR.E 0.65 -
51
Qoog3g | HNRNPU Heterogeneous | \pnpy | K DC*EVVMMIGLPGAGK.T 0.65 0.632000822
nuclear ribonucleoprotein U
Q13162 | PRDX4 Peroxiredoxin-4 PRDX4 R'TREEEGCEE?F({AVGGQWP 0.655 1.134099617
P35221 | CTNNAI Cateninalpha-1 | CTNNA1 | RLESISGAALMADSSCTT 0.655 0.916168761
P07858 CTSB Cathepsin B CTSB R'DQGSCAICS;%%V}’AFGAVE 0.66 0.810742706
R.QALVEFEDVLGAC*NAV
p1agee | HNRNPL Heterogeneous | \\pnp| | NYAADNQIYIAGHPAFVNY 0.66 0.753256705
nuclear ribonucleoprotein L
STSQK.I
QoY2ry | MRPST 28S ribosomal MRPS7 K.NC*EPMIGLVPILK.G 0.66 1173076477
protein S7, mitochondrial
P09497 | CLTB Clathrin lightchainB | CLTB K.VAQLC*DFNPK.S 0.663333333 -
RSL1D1 Ribosomal L1
076021 | domain-containing protein | RSL1D1 | R.EINDC*GGTVLNISK.S | 0.663333333 | 1.027661228
1
QoHous | MRPL18 39S ribosomal |\ \op) 4g R.NVVAC*ESIGR.V 0.665 -
protein L18, mitochondrial
DDX5 Probable ATP-
P17844 | dependent RNA helicase DDX5 K.STC*IYGGAPK.G 0.665 1.757924068
DDX5
Q9HOAO NAT10 N-ac%yltransferase NAT10 R.IVSGC PII_?PEACELYYVN 0.665 0.893763452
P62753 RPS6 40S ribosomal RPS6 KLNISFPATGC*QKL | 0.666666667 -
protein S6
o7s533 | SF3B1 Ssﬁltlﬂgg factor38 | srast K.VQENC*IDLVGR.I 0.666666667 | 0.84270557
NIPSNAP1 Protein NIPSNAP .
QIBPWS NipSnap homors 1 1 R.FSGGYPALMDC*MNK.L | 0.666666667 | 0.652379677
GPD1L Glycerol-3-
Q8N335 phosphate dehydrogenase GPD1L K.FC*ETTIGSK.V 0.67 -
1-like protein
Qrioys | TRMT10C Mitochondrial | rpwirioc | RUNLATEC'LPLDKY | 0.673333333 | 1.201010101
ribonuclease P protein 1
P35221 | CTNNAT Cateninalpha-1 | CTNNAT R.IVAEC*NAVR.Q 0.673333333 | 0.916168761
APOBEC3C Probable DNA | oo -
QONRW3 |  dC- dU-editing enzyme o R.NQVDSETHC*HAER.C 0.675 -
APOBEC-3C
PPTC7 Protein
Q8NI37 phosphatase PTC7 pprc7 | RAGGGCGGGDYGLVTAGC 0.675 ;
GFGK.D
homolog
Q9HOAD NAT10 N-ac%yltransferase NAT10 K.ESLQDTQIE\_II_GVLVDC C 0675 0893763452
LRPPRC Leucine-rich PPR
P42704 motif-containing protein, LRPPRC R.IHDVLC*K.L 0.675 0.800215238

mitocho
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HSD17B10 3-hydroxyacyl- HSD17B1 *
Q99714 CoA dehydrogenase type-2 0 K.VC*NFLASQVPFPSR.L 0.675 0.708885495
VDAC1 Voltage-dependent
P21796 anion-selective channel VDACA1 K.YQIDPDAC*FSAK.V 0.676666667 | 0.586841001
protein
HMGCL
P35914 | Hydroxymethylglutaryl-CoA | HMGCL K.LLEAGNFIC*QALNR.K 0.68 -
lyase, mitochondrial
SHMT2 Serine *
P34897 | hydroxymethyltransferase, | SHMT2 R'YYGGAEV‘QDE'E'—LC S 0.68 1.061903741
mitochondrial )
HNRNPK Heterogeneous *
P61978 nuclear ribonucleoprotein K HNRNPK K.LFQEC*CPHSTDR.V 0.68 1.041240879
SRSF3 Serine/arginine-rich .
P84103 splicing factor 3 SRSF3 R.DSC*PLDCK.V 0.68 1.037541641
SLC25A10 cDNA *
B4DLN1 | FLJ60124, highly similar to SLC§5A1 R'GALVTVG%LSC YDQAK. 0.68 0.692764962
Mitochondrial dic
MRPL47 39S ribosomal .
Q9HD33 protein L47, mitochondrial MRPL47 K.SGAAWTC*QQLR.N 0.683333333 -
QsJgms | EMC4 ER membrane EMC4 RC'WDIALGPLK.Q | 0.683333333 -
protein complex subunit 4
Q9Y2X3 NOPS58 Nucleolar protein NOP58 K.EEPLSEEEPC*TSTAIAS 0.685 0.60872295
58 PEKK.K
TACO1 Translational
QOBSH4 | activator of cytochrome ¢ | TACO1 K'EGGPN\*/:E*FF'{NSSNLAN'LE 0.686666667 ;
oxidase 1 )
KDELR1 ER lumen protein "
P24390 retaining regeptor 1 KDELR1 K.SRSC*AGISGK.S 0.69 -
QsNDxe | ZNF740 Z'”7C4ff')”ger protein | 7NF740 R.MCQGC*QSK.T 0.69 ;
DHX30 Putative ATP-
Q7L2E3 dependent RNA helicase DHX30 R.QAAAAAC*QLFK.G 0.69 -
DHX30
RRS1 Ribosome
Q15050 biogenesis regulatory RRS1 R.C*AGPTPEAELQALAR.D 0.69 0.983372183
protein homolog
Q8IVF2 | AHNAK2 Protein AHNAK2 | AHNAK2 | RLDLTGPHFESSILSPC'E 0.69 0.912419509
DVTLTK.Y
Pe1224 | RAP1B R;S;;e_ﬁ:ed protein | RAP1B | RQWNNC*AFLESSAK.S 0.69 0.821408604
HNRNPM Heterogeneous
P52272 nuclear ribonucleoprotein HNRNPM | K.GC*GVVKFESPEVAER.A 0.69 0.459448597
M
UBE2G2 Ubiquitin- R.VC*ISILHAPGDDPMGYE
P60604 conjugating enzyme E2 G2 UBE2G2 SSAER.W 0.69 )
RSL1D1 Ribosomal L1
076021 domain-containing protein RSL1D1 R.SDSEDIC*LFTK.D 0.69 1.027661228
1
PMPCB Mitochondrial-
075439 processing peptidase PMPCB R.VTC*LESGLR.V 0.69 0.939328743
subunit beta
SLC25A1 Tricarboxylate
P53007 transport protein, SLC25A1 R.NTWDC*GLQILK.K 0.69 0.904011825
mitochondrial
SLC25A3 Phosphate
Q00325 carrier protein, SLC25A3 K.FAC*FER.T 0.69 0.704777215
mitochondrial
P49411 TUFM Elpngatlon factor Tu, TUFM K.GEETPVIVGSALC*ALEG 0.69 0.632853736
mitochondrial R.D
Qovzs7 | POLDIP2Polymerase | oo ppy R.DC*PHISQR.S 0.693333333 -
delta-interacting protein 2
FKBP8 Peptidyl-prolyl cis- * B
Q14318 trans isomerase FKBPS FKBP8 R.SC*SLVLEHQPDNIK.A 0.693333333
AHNAK Neuroblast
Q09666 | differentiation-associated | AHNAK | LEGDLTOPSVOVEVPDV I g 693333333 | 0.970800847

protein AHNA
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VDAC2 Voltage-dependent

K.WNTDNTLGTEIAIEDQIC*

P45880 anion-selective channel VDAC2 QGLK.L 0.693333333 | 0.943164626
protein )
Q15149 PLEC Plectin PLEC R.GC*LDEETSR.A 0.693333333 | 0.941752628
Q96QR8 PURB Transcriptional PURB | R.GGGGGPC*GFQPASR.G | 0.696666667 ;
activator protein Pur-beta
Q8NBN7 RDH13 Retinol RDH13 K.DYVTGGAC'PSKA | 0.696666667 -
dehydrogenase 13
ATP6V1G1 V-type proton ATP6V1G .
075348 ATPase subunit G 1 1 R.GSC*STEVEKETQEK.M | 0.696666667 -
P4HB Protein disulfide- "
P07237 isomerase P4HB R.TEFC*HR.F 0.696666667 | 1.035758112
LRPPRC Leucine-rich PPR
P42704 motif-containing protein, LRPPRC K.VFNDTC*R.S 0.696666667 | 0.800215238
mitocho
PPP1CC Serine/threonine-
P36873 protein phosphatase PP1- PPP1CC R.IYGFYDEC*K.R 0.7 -
gamma cat
BPNT1 3(2),5-
095861 bisphosphate nucleotidase BPNT1 K.TC*ATDLQTK.A 0.7 -
1
ALDOA Fructose- .
P04075 bisphosphate aldolase A ALDOA R.ALANSLAC*QGK.Y 0.7 2.123474801
AHNAK Neuroblast "
Q09666 | differentiation-associated | AHNAK | GPFVEAEVPDVDLEC™P 0.7 0.970800847
. DAK.L
protein AHNA
LRPPRC Leucine-rich PPR "
P42704 | motif-containing protein, | LRPPRC | AILQENGC’LSDSDMFS 0.7 0.800215238
; QAGLR.S
mitocho
P35659 DEK Protein DEK DEK K.GQKLC*EIER.I 0.7 0.583586528
RPS8 40S ribosomal .
P62241 protein S8 RPS8 K.LLAC*IASR.P 0.7 1.120108244
SHMT2 Serine
P34897 hydroxymethyltransferase, SHMT2 K.NTC*PGDR.S 0.7 1.061903741
mitochondrial
MRPL39 39S ribosomal .
QINYK5 protein L39, mitochondrial MRPL39 K.DC*DPGEVNK.A 0.703333333 | 1.036900392
Q13242 | SRSF9 Serinefarginine-rich | gpgpg R.NGYDYGQC*R.L 0.703333333 | 1.150322857
splicing factor 9
DKC1 H/ACA
060832 ribonucleoprotein complex DKC1 K.DSAVNAIC*YGAK.I 0.706666667 -
subunit 4
PPP1CC Serine/threonine-
P36873 protein phosphatase PP1- PPP1CC R.GNHEC*ASINRL.I 0.706666667 -
gamma cat
QOY3ES5 PTRH2 Peptidyl-tRNA PTRH2 R.VC*FGMLPK.S 0.71 ;
hydrolase 2, mitochondrial
P62273 RPS29 40S ribosomal RPS29 K.YGLNMC*R.Q 0.71 ;
protein S29
UTP20 Small subunit
075691 processome component 20 UTP20 K.IPTPADVC*K.V 0.71 -
homolog
PRPF6 Pre-mRNA- "
094906 processing factor 6 PRPF6 R.AGSVATC*QAVMR.A 0.71 -
Og4g32 | MYOTD Unconventional | v 1p K.SNC*VLEAFGNAK.T 0.71 ;
myosin-Id
P82932 MRPS6 28S ribosomal MRPS6 K.EC*EGIVPVPLAEK.L | 0.713333333 | 0.748068662
protein S6, mitochondrial
Q8NFF5 FLAD1 FAD synthase FLAD1 R.LHYGTDPC*TGQPFR.F 0.715 -
MMAA Methylmalonic
Q8IVH4 aciduria type A protein, MMAA R.AC*LAEAITLVESTHSR.K 0.715 -
mitochondri
095571 ETHE1. Protein ETHE1, ETHE1 R.QMFEPVSC*TFTYLLGD 0.715 1.214913949
mitochondrial R.E
ALGS5 Dolichyl-phosphate K.GLNDLQPWPNQMAIAC*
QoY673 beta-glucosyltransferase ALGS GSR.A 0.716666667 }

64




SRP9 Signal recognition

P49458 . : SRP9 R.HSDGNLC*VK.V 0.72 -
particle 9 kDa protein
CCBL2 Kynurenine--
Q6YP21 oxoglutarate transaminase CCBL2 K.LSAIPVSAFC*NSETK.S 0.72 -
3
NDUFAF4 NADH R
Q9P032 dehydrogenase NDUFAF4 K.AAETC*QEPK.E 0.72 -
043795 | MYO! Bmljggﬁ:]}’;”m”a' MYO1B K.NGSVPTC*K.R 0.72 0.665578866
Qovecg |  MTCH2 Mitochondrial MTCH2 KYCGLC'DSITIYRE | 0.723333333 -
carrier homolog 2
p31g43 | HNRNPH1 Heterogeneous | HNRNPH | o 1) \vorrsgMSDHRY | 0723333333 | 0.836485992
nuclear ribonucleoprotein H 1
DHX9 ATP-dependent .
Q08211 RNA holioaaa A DHX9 K.SSVNC*PFSSQDMK.Y | 0.723333333 | 0.631166662
FCF1 rRNA-processing " _
QY324 orotein FCF1 homolog FCF1 K.GTYADDC*LVQR.V 0.725
P23246 SFPQ Splicing factor, SFPQ R.C*SEGVFLLTTTPR.P 0.725 0.852238566
proline- and glutamine-rich
TCP1 T-complex protein 1 R.SOMESMLISGYALNC*V
P17987 subunit aloba TCP1 VGSQGMPK R 0.725 1.079708223
P49207 RP'-3;r§t°e?n”Lb3‘f°ma' RPL34 RAYGGSMC*AK.C 0.726666667 | 1.496089989
. K.VLSSSGSEAAVPSVC*FL
Q15149 PLEC Plectin PLEC VPPPNQEAQEAVTRL | 0726666667 | 0.941752628
Q9P2R7 SUC"AZHS‘:‘S’S”V"COA SUCLA2 R.IC*NQVLVCER K 0.726666667 | 0.602403344
GRPEL1 GrpE protein *
QOHAVZ | | T 1. mitoohondrial | GRPEL1 K.LYGIQAFC*K.D 0.73 1.327729104
SF3B14 Pre-mRNA branch .
Q9Y3B4 site protein p14 SF3B14 | K.NACDHLSGFNVC*NR.Y 0.73 0.858090186
NOP56 Nucleolar protein R.LVAFC*PFASSQVALENA
000567 s NOP56 NAVSEGVVHEDLR L 0.73 0.761383954
p14ges | INRNPL Heterogeneous | \\pnpi | RVFNVFC*LYGNVEK.V 0.73 0.753256705
nuclear ribonucleoprotein L
ACADVL Very long-chain
P49748 specific acyl-CoA ACADVL R.TSAVPSPC*GK.Y 0.733333333 | 0.995332637
dehydrogenase, m
. . Uncharact *
H3BQZ7 | Uncharacterized protein il K.EGC*TEVSLLR.V 0.733333333 | 0.688392323
FASTKD5 FAST kinase
Q7L8L6 domain-containing protein FASTKDS R.NQYC*YGSR.D 0.735 -
5
MTPAP Poly(A) RNA R.FSHQASGFQC*DLTTNN ]
QINVV4 polymerase, mitochondrial MTPAP R. 0.735
Qovzzz |  MTO1 Protein MTO1 MTO! K.TDQYLC*DADR L 0.735 -
homolog, mitochondrial
RBM25 RNA-binding K. AKENDENC*GPTTTVFV
P49756 votein 25 RBM25 GNISEK A 0.735 0.949824505
FAS Tumor necrosis factor
P25445 receptor superfamily FAS K.ANLC*TLAEK.I 0.736666667 -
member
MRPL11 39S ribosomal .
QOY3B7 | L1, mitoobondrial | MRPLT R.GVSINQFC*K.E 0.736666667 -
FBL rRNA 2-O- K ANC*IDSTASAEAVFASE
P22087 | methyltransferase fibrillarin FBL VKK 0.74 0.664358885
PACSIN3 Protein kinase C
QIUKS6 and casein kinase PACSIN3 | R.IGLYPANYVEC*VGA.- 0.74 -
substrate in ne
FAHD2B
Q6P213 Fumarylacetoacetate FAHD2B | KTFDTFC*PLGPALVTK.D | 0.743333333 ;
hydrolase domain-
containing pr
QoBsca | NOL10 N“°1'30'ar protein | NoL10 KIYSLSC*GK.S 0.743333333 ;
QOUHDS SEPTO Septin-9 43717 | RSQEATERARSCVGDMA | 4 743333333 -
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ACAA2 3-ketoacyl-CoA K.EAEVVLC*GGTESMSQA
P42765 thiolase, mitochondrial ACAA2 PYC*VR.N 0.743333333 | 0.967278443
PCID2 PCI domain- "
Q5JVF3 containing protein 2 PCID2 K.QNPFPPLSTVC*.- 0.745 -
PHF5A PHD finger-like
Q7RTVO domain-containing protein PHF5A R.IC*DECNYGSYQGR.C 0.746666667 -
5A
QONWS1 ATPSSI'_ ATP Syntha!se ATP5SL R.LYPLADSLQELSLAGC*P 0.746666667 B
subunit s-like protein R.I
SLC25A24 Calcium-binding SLC25A2
QB6NUK1 mitochondrial carrier 4 K.TGQYSGIYDC*AK.K 0.746666667 | 1.028735632
protein SCaM
Q96NE6 MBOAT7 Lysophospholipid MBOAT7 R.AGGGPTLQC*PPPSSPE 0.75 _
acyltransferase 7 K.A
HSPAO9 Stress-70 protein, K.AKC*ELSSSVQTDINLPY
P38646 mitochondrial HSPA9 LTMDSSGPK H 0.75 0.857285499
LRPPRC Leucine-rich PPR
P42704 motif-containing protein, LRPPRC R.SC*GSLLPELK.L 0.75 0.800215238
mitocho
LONP1 Lon protease "
P36776 homolog, mitochondrial LONP1 R.ALC*GLDESK.A 0.75 0.798535309
MDH2 Malate
P40926 dehydrogenase, MDH2 K.TIIPLISQC*TPK.V 0.75 0.706639338
mitochondrial
IDH3A Isocitrate "
P50213 dehydrogenase IDH3A K.C*SDFTEEICR.R 0.75 0.561584903
Pe1006 | RABBA Ra;;:g‘“’d protein | pABBA K.C*DVNDKR.Q 0.753333333 ;
P48735 IDH2 Isocitrate IDH2 K.DLAGCIHGLSNVK.L 0.755 -
dehydrogenase
BUB3 Mitotic checkpoint *
043684 protein BUB3 BUB3 R.TPC*NAGTFSQPEK.V 0.755 1.709681698
ADAR Double-stranded
P55265 RNA-specific adenosine ADAR K.NFYLC*PV .- 0.755 0.799095285
deaminase
P49207 RPL34 60S ribosomal RPL34 K.SAC*GVCPGR.L 0.756666667 | 1.496089989
protein L34
VDAC?2 Voltage-dependent
P45880 anion-selective channel VDAC2 K.WC*EYGLTFTEK.W 0.756666667 | 0.943164626
protein
Q5JTH9 RRP12 RRP12-like protein RRP12 R.VTVC*QALR.T 0.76 -
043159 | RRP8Ribosomal RNA- RRP8 | K.AQLSGLQLQPC*LYK.R 0.76 .
processing protein 8
DARS2 Aspartate--tRNA .
Q6P148 ligase, mitochondrial DARS2 K.TAELLNAC*K.K 0.76 -
OAT Ornithine "
PO4181 aminotransferase, oaT | KVLPMNTGYEAGETACTK. 0.76 1.016908251
mitochondrial
014966 RAB7L1 Ras-related RAB7L1 K.C*DLSPWAVSRD | 0.763333333 -
protein Rab-7L1
QoHosg | SLC25A22 Mitochondrial | SLC28A2 | g GyNEDTYSGILDC*ARK | 0.763333333 -
glutamate carrier 1 2
ISCAZ2 Iron-sulfur cluster
Q86U28 assembly 2 homolog, ISCA2 R.LTDSC*VQR.L 0.763333333 -
mitochondr
Q7Loys | TRMT10C Mitochondrial | tpyirqoc | K TLMEC*VSNTAKK | 0.763333333 | 1.201010101
ribonuclease P protein 1
P26599 PTBP1‘ P(.)Iypyrlml(.:hne PTBP1 K.LSLDGQNIYNAC*C*TLR. 0.765 0.674151774
tract-binding protein 1 [
GOSR1 Golgi SNAP
095249 receptor complex member GOSR1 K.LC*TSYSHSSTR.D 0.765 -
1
oso4gg | ACSL4Long-chaindatty- | 5o 4 R.VGAPLIC*CEIK.L 0.765 1.787687664
acid--CoA ligase 4
Qo79ss | SRSF1 Serine/arginine-rich | gpqr R.GPAGNNDC'R.| 0.766666667 | 0.990386625
splicing factor 1
000217 NDUFS8 NADH NDUFS8 K.LCEAIC'PAQAITIEAEPR. 0.766666667 | 0.672173548
dehydrogenase A
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NUP85 Nuclear pore

QIBW27 . NUP85 K.EADASPASAGIC™R.| 0.77 ;
complex protein Nup85
P02545 LMNA Prelamin-A/C LMNA KAQNTWGC*GNSLR.T 0.77 1127681769
VDAC2 Voltage-dependent "
P45880 anion-selective channel VDAC2 K.VC EDLDT*SVNLAWTSG 0.77 0.943164626
: TNC*TR.F
protein
DHX9 ATP-dependent A
Q08211 RNA hoopend DHX9 K.LQISHEAAAC*TGLR.A 0.77 0.631166662
HADHB Trifunctional
; K.EGGQYGLVAAC*AAGG
P55084 enzyme subunit beta, HADHB CORAMVERY PR 0.77 0501654922
mitochondrial
Qovaxg | NOPS8Nudeolarprotein | yopsg KISDNLTYC*K.C 0.773333333 | 0.60872295
ERCC3 TFIIH basal
P19447 | transcription factor complex ERCC3 R.SGVIVLPC*GAGK.S 0.773333333 -
helicase
P30050 RP“;S&?n”LbfZ”ma' RPL12 | R.C*TGGEVGATSALAPK.| | 0.773333333 | 1.375625396
MACROD1 O-acetyl-ADP-
Q9BQ69 ribose deacetyiase MACROD K'LE\é%‘\\)gg’éﬁﬁiskLGG 0.775 ;
MACROD1 :
Q14690 PDCDT;{Z}%” RRPS | ppcp11 K.VGQYLNCHVEK.V 0.775 1.177203065
DHX9 ATP-dependent *
Q08211 A hrepend DHX9 K.NFLYAWC*GK.R 0.775 0.631166662
014950 | MYL12B Myosinregulatory | v 1og | RNAFACTFDEEATGTIQED | 4 776666667 | 0.832046619
light chain 12B YLR.E
DDX39B Spliceosome RNA *
Q13838 o aon DDX398 K.HFILDEC*DK.M 0.78 ;
Qonvys | AIGT Androgen-induced AIG1 - MALVPC*QVLR M 0.78 -
gene 1 protein
ALDH18A1 Delta-1- ALDH1BA
P54886 pyrroline-5-carboxylate j R.GDEC*GLALGR.L 0.783333333 | 0.743305736
synthase
POLR2I DNA-directed RNA A
P36954 polymerase Il subunit poLr2l | RNCDYQQEADNSCIIYUN | 763333333 ;
K.l
RPBY
095678 KRT75 Keratin, type Il KRT75 K.LLEGEEC'R.L 0.783333333 | 0.967100715
cytoskeletal 75
J3KR12 Uncharacterized protein U’;Crihzaerj‘d R.SLLINAVEASC*IR.T 0.785 -
Q13242 | SRSF9 Serinefarginine-rich |~ gpapg | R EAGDVC*YADVQK.D 0.785 | 1.150322857
splicing factor 9
ACO2 Aconitate hydratase, R.DLGGIVLANACGPC*IGQ
Q99798 e ACO2 ORK 0.785 0.748687583
P35659 DEK Protein DEK DEK K.SIC*EVLDLER.S 0.785 0.583586528
RPL10 60S ribosomal *
P27635 orotom L10 RPL10 K.MLSC*AGADR L 0.786666667 ;
EPRS Bifunctional
. K.ERPTPSLNNNC*TTSED
P07814 glutamatelzi/g);c;!ne--tRNA EPRS SLVLYNR.V 0.786666667 -
MTCH2 Mitochondrial "
Q9Y6C9 Corrior hormalon 2 MTCH2 K.TYC*CDLK.M 0.79 ;
MRPL28 39S ribosomal "
Q13084 | T toeondiial | MRPL28 K. TPKEDLC*SK.F 0.79 ;
GNAI3 Guanine nucleotide-
P08754 | binding protein G(k) subunit | GNAI3 K.NNLKEC*GLY .- 0.79 0.80986791
al
pe2g2e | AN GTP-binding nuclear RAN R.VC*ENIPIVLCGNK.V 0.79 0.797493056
protein Ran
Q13813 | SPTANT Spectrinalpha | gpraNy R.C*NSLEEIK.A 0.793333333 ;
chain, non-erythrocytic 1
015091 | KIAAO391 Mitochondrial |y, pg391 RDHKAC'LPDAKT | 0.793333333 -
ribonuclease P protein 3
RSL1D1 Ribosomal L1
076021 domain-containing protein RSL1D1 K.SGSC*SAIR.I 0.793333333 | 1.027661228
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ACAA2 3-ketoacyl-CoA

K.ISREEC*DKYALQSQQR.

P42765 : ; ( ACAA2 0793333333 | 0.967278443
thiolase, mitochondrial W
NUP62 Nuclear pore "
P37198 olyoonroen pbs NUP62 R KVEEVTKVC*EGR.R 0.795 0.80577392
P38117 ETFB Ele_ctron tra_nsfer ETFB K.EVIAVSC*GPAQCQETIR. 0.796666667 | 1.035508042
flavoprotein subunit beta T
P14923 | JUP Junction plakoglobin JUP K.GIMEEDEAC*GR.Q 0.8 0.503413445
NUP93 Nuclear pore K.SSGQSAQLLSHEPGDPP
Q8N1F7 complex protein Nup93 NUP93 C*'LR.R 0.8 )
OGDH 2-oxoglutarate
Q02218 dehydrogenase, OGDH K.AEQFYC*GDTEGK.K 0.8 0.896915218
mitochondrial
DPF2 Zinc finger protein K.KGPDGLALPNNYCDFC*
Q92785 o Inas DPF2 e ] 0.805 ;
RDH14 Retinol R.QAAEC*GPEPGVSGVGE
QOHBH5 dehydrogenase 14 RDH14 LIVR.E 0.805 )
SAMD4B Protein Smaug *
Q5PRF9 homoton 2 SAMD4B K.C*LTHEAFTETQK K 0.805 ;
RPN1 Dolichyl-
P04843 | diphosphooligosaccharide— | RPN K.VAC*TEQVLTLVNK.R 0.805 0.804201163
protein glycosy
Po2s20 | RABIARas-eialedprotein | pagia K.LLVGNKC*DLTTK K 0.81 1.803326814
Q07020 RPL18 60S ribosomal RPL18 K.GC*GTVLLSGPRK 0.81 1161750127
protein L18
pi7gg7 | TCP1T-complexprotein 1 | ropy R.DC*LINAAK.T 0.813333333 | 1.079708223
subunit alpha
NUP205 Nuclear pore R.C*QDVSAGSLQELALLT
Q92621 | omplex protein Nup20s | NUP205 GIISK.A 0.815 -
QoBzG1 | RAB34 Ri:;oe_';’jed protein | RAB34 R.DRVLAELPQC*LR K 0.82 ;
VDAC?2 Voltage-dependent
P45880 | anion-selective channel VDAC2 R.PMC*IPPSYADLGK A 0.82 0.943164626
protein
SP100 Nuclear autoantigen K.RKDTTSDKDDSLGSQQT
P23497 Sn100 SP100 N AR A 0.82 ;
P63208 | K1 S-phase kinase- SKP1 K ENQWC*EEK - 0.823333333 -
associated protein 1
TRMT10C Mitochondrial K SSVQEEC*VSTISSSKDE
Q7LOY3 | o0 emae P oratem 1 | TRMT10C T e 0.823333333 | 1.201010101
GSTK1 Glutathione S- .
Q9Y2Q3 ransforase kanos GSTK1 KETTEAAC*R.Y 0.823333333 | 0.863613143
Q1a7es | ARFRPTADP-ribosylation | grppy K TAFSDC*TSK | 0.825 -
factor-related protein 1
075694 NUP155 Nuclear pore NUP155 | R.YVENPSQVLNC*ERR 0.825 ;
complex protein Nup155
Pa1252 | IARS Isoleucine-1RNA IARS K.MGITEYNNQC*R A 0.825 -
ligase, cytoplasmic
SHMT2 Serine
P34897 | hydroxymethyltransferase, | SHMT2 R.GLELIASENFC*SR A 0.825 1.061903741
mitochondrial
P50454 SERPINH1 Serpin H1 SERf INH K.QHYNC*EHSK.I 0.825 0.87977208
ADAR Double-stranded
P55265 | RNA-specific adenosine ADAR KKLTEC*QLK.N 0.826666667 | 0.799095285
deaminase
62629 RPL23 60S ribosomal pLlos | RISLGLPVGAVINGTADNT | (ooerr |\ oopepacos
protein L23 GAK.N
SPCS2 Signal peptidase R.SGGSGGC*SGAGGASN
Q15005 comple subunit 2 SPCs2 S rSoon S 0.83 1.449880771
ooose7 | NOPS6 N“‘f,)'gdar protein | \opsg K.GLTDLSAC*K.A 0.83 0.761383954
000483 NDUFA4 NADH NDUFA4 | R.LALFNPDVC*WDRN 0.83 0.314955925
dehydrogenase
095140 MFN2 Mitofusin-2 MFN2 R.RFEECYISQSAVK.T | 0.833333333 }
QoBv7g | MECRTrans-2-enoyl-CoA | \\pop RLALNC*VGGK.S 0.836666667 ;

reductase, mitochondrial
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ACAA2 3-ketoacyl-CoA K.EAEVVLC*GGTESMSQA
P42765 thiolase, mitochondrial ACAA2 PYCVR.N 0.836666667 | 0.967278443
OGDH 2-oxoglutarate
Q02218 dehydrogenase, OGDH R.FGLEGC*EVLIPALK.T 0.836666667 | 0.896915218
mitochondrial
HNRNPL Heterogeneous "
P14866 nuclear ribonucleoprotein L HNRNPL K.LNVC*VSK.Q 0.836666667 | 0.753256705
RAD21 Double-strand-
060216 break repair protein rad21 RAD21 K.TGAESISLLELC*R.N 0.84 -
homolog
Q9H6R4 NOLG6 Nucleolar protein 6 NOL6 R.QAVDSPAASFC*R.G 0.84 -
. K.EVYEGEVTELTPC*ETEN
Q9Y265 RUVBL1 RuvB-like 1 RUVBL1 PMGGYGK.T 0.84 1.046386946
P55735 SEC13h'Zr;t;g‘gSEC13 SEC13 RFASGGC'DNLIKL | 0.843333333 ;
QoBze4 | CGTPBP4Nucleolar GTP- | orpppy | R 1L C*GYPNVEK.S 0.845 ;
binding protein 1
P50990 CCT8 T-complex protein 1 ccTs K.QITSYGETC*PGLEQYAI 0.845 )
subunit theta KK.F
QoY265 RUVBL1 RuvB-like 1 RuveLy | KVPFCTPMVESEVYSTEIK 0.845 1.046386946
Qi31es | CBX3 Cﬁé&@%?é protein | cpx3 RLTWHSC*PEDEAQ.- | 0.846666667 | 1.067653547
P35579 MYH9 Myosin-9 MYH9 R.EDQSILC*TGESGAGK.T | 0.846666667 1.03316543
LRPPRC Leucine-rich PPR
P42704 motif-containing protein, LRPPRC R.YC*QEPR.G 0.846666667 | 0.800215238
mitocho
VDAC2 Voltage-dependent "
P45880 | anion-selective channel | VDACz | SCTSGVEESTSGSSNTD 0.85 0.943164626
protein )
Qoervg | THOCT MO complex T ryocy K SQNTVFC*GRI| 0.85 -
DLAT Dihydrolipoyllysine-
P10515 residue acetyltransferase DLAT K.ASALAC*LK.V 0.85 0.668595772
comp
RSL1D1 Ribosomal L1
076021 domain-containing protein RSL1D1 K.AVDALLTHC*K.S 0.853333333 | 1.027661228
1
HSPD1 60 kDa heat shock "
P10809 protein, mitochondrial HSPD1 R.C*IPALDSLTPANEDQK.I 0.853333333 | 0.714611187
FASTKD1 FAST kinase "
Q53R41 domain-containing protein FASTKD1 R.IEAVLPQC*DLNNLSSFA 0.855 -
1 TSVLR.W
KIAA0391 Mitochondrial "
015091 ribonuclease P protein 3 KIAA0391 K. TIESIQLSPEEYEC*LK.G 0.855 -
p253gs |  Po1240S ribosomal RPS12 | KLVEALG*AEHQINLIK.V 0.855 -
protein S12
P14625 HSP90B1 Endoplasmin HSP90B1 R.LTESPgNA'\}I_I\E/Q?QYGWS 0.856666667 | 1.206935848
P07355 ANXA2 Annexin A2 ANXA2 K.GLGTDEDSLIEIIC*SR.T 0.856666667 | 1.858546562
Q92785 DPF2 Zinlj:bfii_r:j%er protein DPF2 K.TGQPEEL\gSC*SDC*GR. 0.86 B
NOP56 Nucleolar protein K.IGAAIQEELGYNC*QTGG
000567 56 NOP56 VIAEILR.G 0.86 0.761383954
TOMM40 Mitochondrial
. - R.TPGAATASASGAAEDGA
096008 import receptor subunit TOMM40 C*GCLPNPGTFEECHR K 0.86 0.678116264
TOM40 homolo
P62910 RPL32 60S ribosomal RPL32 K.ELEVLLMC*NK.S 0.86 ;
protein L32
ATAD1 ATPase family AAA
Q8NBUS5 | domain-containing protein ATAD1 R.DAALLC*VR.E 0.863333333 -
HSD17B12 Estradiol 17- HSD17B1 .
Q53GQ0 beta-dehydrogenase 12 5 K.MININILSVC*K.M 0.865 -
Q12788 TBL3 Transducin beta-like TBL3 R.FLGPEDSHVVVASNSPC 0.865 0.788655789

protein 3

LK.V
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NOP56 Nucleolar protein

000567 o NOP56 K.IINDNATYC*R.L 0.866666667 | 0.761383954
EPRS Bifunctional .
P07814 | glutamate/proline—tRNA prs | (CLOVENCTYFPMPVSQSA 0.87 ;
ligase )
DHX15 Putative pre- "
043143 | mRNA-splicing factor ATP- | DHX15 | /C/APQYYDISNFPQCTEA 0.87 1.10986791
dependent RN )
AKAPS8L A-kinase anchor *
QoULX6 rotoin Bl AKAPSL R.GQC*MSGASR.L 0.87 ;
DDX5 Probable ATP-
P17844 | dependent RNA helicase DDX5 R.GDGPIC*LVLAPTR.E 0.87 1.757924068
DDX5
MIF Macrophage migration *
P14174 oo ety MIF K.LLC*GLLAER.L 0.875 ;
SLC25A36 Solute carrier SLC25A3 N
Q96CQ1 iy 25 mombor 56 : R.MGAFEC*VR.K 0.875 ;
PMPCA Mitochondrial-
Q10713 processing peptidase PMPCA K.HGGIC*DCQTSR.D 0.875 1.048767963
subunit alpha
095571 | ETHE1 Protein ETHET, ETHE1 R.TDFQQGC*AK.T 0.876666667 | 1.214913949
mitochondrial
Q12769 NUP160 Nuclear pore NUP160 | RNHDGEC*TAAPTNR.Q 0.88 ;
complex protein Nup160
PEX11B Peroxisomal "
096011 membrant rotom 1B PEX11B RLLMEQESSAC*SR.R 0.88 ;
CCT7 T-complex protein 1 K.EGTDSSQGIPQLVSNISA
Q99832 _oomplex P ccT? OVIAEAVR T 0.88 1.164058355
TRMT112 tRNA
Q9UI30 methyltransferase 112 | TRMT112 |  R.IC*PVEFNPNFVAR.M 0.885 ;
homolog
EIF2B1 Translation
Q14232 initiation factor elF-2B EIF2B1 K.IGTNQMAVC*AK.A 0.885 ;
subunit alpha
QoHoag | NAT10 N'ac%y'tra”Sferase NAT10 R.YC*YYNETHK.I 0.885 0.893763452
Qepl4g | DARS2Aspartale—tRNA | p)pq) RLIC'LVIGSPSIRD | 0.886666667 -
ligase, mitochondrial
BAKT Bcl-2 homologous R.QEC*GEPALPSASEEQV
Q16611 antagonist/killer BAK1 AQDTEEVFR.S 0.886666667 -
YES1 Tyrosine-protein K.YRPENTPEPVSTSVSHY
P07947 kinase Yes YES1 | GAEPTTVSPC’PSSSAK.G | 0886666667 -
pag77g |  RPL2860S ribosomal RPL28 R.NC*SSFLIK.R 0.89 -
protein L28
p1ages | HINRNPL Heterogeneous |\, op) | K-QPAIMPGQSYGLEDGSC | ) gg3333333 | (753256705
nuclear ribonucleoprotein L SYK.D
P07203 GPX1 Glutathione GPX1 K.LITWSPVC*R.N 0.896666667 | 1.302576606
peroxidase 1
Ps1151 | RABSARas-eledprolein | Ragoa | RQVSTEEAQAWC'RD | 0896666667 -
QoY3U8 RPL36 60S ribosomal RPL36 R EVC*GFAPYER R 0.9 ;
protein L36
060831 A onz PRAF2 R.LAAPDPC*DPQRW 0.9 -
SMPD4 Sphingomyelin K ASIQEC*ILPDSPLYHNK.
QINXE4 phosphodiesterase 4 SMPD4 \Y 0.9 }
DDX27 Probable ATP-
Q96GQ7 | dependent RNA helicase | DDX27 K.DIC*ACAATGTGK.T 0.9 1.0000777
DDX27
P35221 | CTNNAT Cateninalpha-1 | CTNNA1 | K.AAAGEFADDPC*SSVK.R 0.9 0.916168761
SUGP2 SURP and G-patch
Q8IX01 domain-containing protein SUGP2 R.GADQKPTSADC*AVR.A | 0.903333333 -
2
Q02667 | AKAPTAkinaseanchor | ,.aoy | RADPAIKEPLPVEDVC'PK. | o ooomnonon -
protein 1, mitochondrial V
VWAS8 von Willebrand
A3KMH1 | factor A domain-containing VWAS8 R.LLSQPC*ASDR.F 0.905 -

protein
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Q8IVF2 | AHNAK2 Protein AHNAK2 | AHNAK2 K.VDPEC*SVEDSK.L 0.905 0.912419509
P07355 ANXA2 Annexin A2 ANXA2 KALLYLC*GGDD.- 0.906666667 | 1.858546562
P32969 RPLQPF?rgt%?an'_ZOS"ma' RPLOPY R.TIC*SHVQNMIK.G 0.906666667 | 1.134606007
P61225 RAP2B Rz}a?s;flza;ed protein RAP2B K.ALAEEWS%*PFMETSAK. 0.906666667 B
Q03135 CAV1 Caveolin-1 cavy | RVYSIWVRTVCDPLFEAV 0.91 ;
ACAD9 Acyl-CoA
Q9H845 dehydrogenase family ACAD9 R.GSNTC*EVHFENTK.I 0.91 1.534918147
member 9, mitochondr
GNL3 Guanine nucleotide- .
Q9BVP2 bndine protoin e 3 GNL3 R.C*PQVEEAIVQSGQK K 0.91 0.877819754
ACAAT 3-ketoacyl-CoA K.GC*FQAEIVPVTTTVHDD
P09110 thiolase, peroxisomal ACAA1 K.G 0.91 }
pogi34 | RHOCRho-related GTP- | pyyqe KKLVIVGDGAC*GK.T 0.91 1.448484848
binding protein RhoC
pe23te | SNRPD2Smallnudlear | g\ppn, K.NNTQVLINC*R.N 0.91 1.020478883
ribonucleoprotein Sm D2
p1ogog | HSPD1860kDaheat shock | qpp K.C*EFQDAYVLLSEK K 0.91 0.714611187
protein, mitochondrial
ACAAT 3-ketoacyl-CoA K DVNLRPEQLGDIC*VGN
P09110 thiolase, peroxisomal ACAAT VLQPGAGAIMAR.| 0.92 -
LPCAT2 R.TTSGGEWPQILVFPEGT
Q7L5N7 Lysophosphatidylcholine LPCAT2 ' " 0.92 -
C*TNR.S
acyltransferase 2
) ) R.VREAMC*PGVSGEDSSL
P14923 JUP Junction plakoglobin JUP LLATQVEGQATNLQR.L 0.92 0.503413445
AHNAK Neuroblast
Q09666 | differentiation-associated | AHNAK | KLEGDLTGPSVDVEVPDV |4 655333333 | 0.970800847
: ELEC*PDAK.L
protein AHNA
K.NQISPFISQMC*NMLGLG
043681 | ASNA1ATPase ASNA1 ASNA1 VNADOL ASK L 0.925 ;
P61247 RPS3A 40S ribosomal RPS3A | KNC*LTNFHGMDLTR.D 0.925 1.217598621
protein S3a
Q8N9T8 | KRI1 Protein KRI1 homolog | KR | RLLGPTVMLGGC*EFSR.Q 0.93 -
GTF2H2D General
Q6P1K8 transcription factor [IH GTF2H2D R.AKYC*ELPVECK.I 0.93 -
subunit 2-like pr
Q96124 FUBP3 Far upstream FUBP3 R.SSGC*FPNMAAK.V 0.93 1.487645688
element-binding protein 3
094905 ERLIN2 Erlin-2 ERLIN2 K ADAEC*YTAMK.| 0.933333333 | 1.013948504
Pag7e5 | ACAAZ3-ketoacyl-CoA | \pppy | RLC'GSGRASIVNGCQEIC | ) 933333333 | 0967278443
thiolase, mitochondrial VK.E
Qosoge | UBESA Ubiquitin-protein UBE3A KVYEILELC*R.E 0.935 -
ligase E3A
DDX39A ATP-dependent *
000148 | TROOAATE-copORdent | DDx3oA K.HFVLDEC*DK.M 0.935 1.065984335
SMC1A Structural
. R.NSSAQAFLGPENPEEPY
Q14683 maintenance of_ SMC1A LDGINYNC*VAPGKR.F 0.935 -
chromosomes protein 1A
ATAD1 ATPase family AAA
Q8NBUS domain-containing protein ATAD1 K.SKDAAFQNVLTHVC*LD.- 0.935 -
1
P56589 PEX3 Peroxisomal PEX3 R.TC*NMTVLSMLPTLR.E 0.935 ;
biogenesis factor 3
REEP5 Receptor
Q00765 expression-enhancing REEP5 K.NC*MTDLLAK.L 0.936666667 | 1.421833722
protein 5
Q15149 PLEC Plectin PLEC RLQLEAC*ETR.T 0.936666667 | 0.941752628
BRIX1 Ribosome
Q8TDN6 | biogenesis protein BRX1 BRIx1 | RHATAEEVEEEERDRIPG 0.94 ;
PVC*K.G
homolog
ARF6 ADP-ribosylation R.NWYVQPSC*ATSGDGLY
P62330 factor 6 ARF6 EGLTWLTSNYK.S 0.94 -

71




RPP30 Ribonuclease P

P78346 . . RPP30 K.AAVSTNC*R.A 0.943333333 -
protein subunit p30
FARS2 Phenylalanine-- .
095363 {RNA ligase, mitochondial FARS2 K.QFC*VSNINQK.V 0.943333333 -
P36578 RP'-“p?gtsé nbosomal RPL4 R.SGQGAFGNMC*R.G | 0.943333333 | 0.776301476
Q92520 FAM3C Protein FAM3C FAM3C R.DNWVFC*GGK.G 0.945 -
prgate | NOP14Nudeolarprotein | yopig K.C*NHPSLAEGNK.A 0.95 ;
DDX52 Probable ATP- *
Q9Y2R4 | dependent RNA helicase | DDX52 R'SVANV'QSAGGC PVPEYI 0.95 ;
DDX52 )
P62280 RPS11 40S ribosomal RPS11 K.C*PFTGNVSIR.G 0.95 -
protein S11
QINXE4 SMPD4 Sp_hlngomyelln SMPD4 K.ADSINKPFAQQC*QDLVK 0.953333333 _
phosphodiesterase 4 Vv
RPS27 40S ribosomal "
P42677 brotein S27 RPS27 R.LTEGC*SFR.R 0.953333333 -
U2AF2 Splicing factor K.SIEIPRPVDGVEVPGC*G
P26368 U2AF 65 kDa subunit U2AF2 K| 0.955 1.26037296
ACAD9 Acyl-CoA
Q9H845 dehydrogenase family ACAD9 R.AYIC*AHPLDR.T 0.955 1.534918147
member 9, mitochondr
FUBP3 Far upstream K.IQIASESSGIPERPC*VLT
Qo624 element-binding protein 3 FUBP3 GTPESIEQAK.R 0.955 1.487645688
P62913 RPL1;r(e)3toe?nan101somal RPL11 K.LC*LNICVGESGDR.L 0.955 1.317300324
LRRC59 Leucine-rich
Q96AG4 repeat-containing protein LRRC59 K.VAGDC*LDEK.Q 0.96 1.851088248
59
P62241 RPS8 4OS_ ribosomal RPS8 R.LDVGNFSWGSEC*C*TR. 0.963333333 | 1.120108244
protein S8 K
PKM Pyruvate kinase "
P14618 isozymes M1/M2 PKM R.NTGIIC*TIGPASR.S 0.963333333 | 1.042960105
UTP6 U3 small nucleolar
QINYH9 RNA-associated protein 6 UTP6 K.EQESC*NMANIR.E 0.966666667 -
homolo
QentF7 | NUP93Nuclear pore NUP93 | RC*GDLLAASQVVNRA 0.97 -
complex protein Nup93
LMF2 Lipase maturation K.DSGAASEQATAAPNPC*
Q9BU23 factor 2 LMF2 SSSSR.T 0.97 -
P62330 ARF6 ADP-ribosylation ARF6 R.HYYTGTQGLIFVVDC*AD 0.97 _
factor 6 R.D
RHOD Rho-related GTP- *
000212 binding protein RhoD RHOD K.VVLVGDGGC*GK.T 0.97 -
Q6P4A7 SFXN4 Sideroflexin-4 SFXN4 R.SYTC*KPLER.S 0.97 -
AGPS .
000116 | Alkyldihydroxyacetonephos AGPS K'YGSVAFFI;NEEQGVAC L 0.97 -
phate synthase, peroxisom )
P82933 MRPS9 28S ribosomal MRPS9 K.LLTSQC*GAAEEEFVQR. 097 0700526038
protein S9, mitochondrial F
BOP1 Ribosome *
Q14137 biogenesis protein BOP1 BOP1 R.DLQPFPTC*QALVYR.G 0.973333333 -
Qovelg | TEX204 Testis-expressed | rpy;6, R.LFTESC*SISPK.L 0.973333333 -
sequence 264 protein
AHNAK Neuroblast *
Q09666 | differentiation-associated | AHNAK | KADIDVSGPRVDVEC'PDV | 4 g73333333 | 0.970800847
. NIEGPEGK.W
protein AHNA
EPRS Bifunctional
P07814 glutamate/proline--tRNA EPRS K.SC*QFVAVR.R 0.975 -
ligase
P51553 IDH3G Isocitrate IDH3G R TSLDLYANVIHC*K.S 0.975 0.611421911
dehydrogenase
MIPEP Mitochondrial R.ACSTPPGPQTVLIFDELS
Qo9797 intermediate peptidase MIPEP DSLC*R.V 0.976666667 }
QoeNes | MBOATY Lysophospholipid | \igna17 | R NIDC*YSTDFC*VRV 0.98 ;

acyltransferase 7
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GTF2H1 General

P32780 transcription factor [IH GTF2H1 K.DLFAEC*AK.I 0.98 -
subunit 1
Pss192 | MARS Methionine—{RNA VARS | RLFVSDGVPGCLPVLAAA 0.8 -
ligase, cytoplasmic GR.A
RPS8 40S ribosomal "
P62241 fandias RPS8 K NC*IVLIDSTPYR.Q 0.98 1.120108244
FAM82A2 Regulator of
Q96TC7 microtubule dynamics FAM82A2 R.C*HMEENQR.V 0.983333333 -
protein 3
Q15149 PLEC Plectin PLEC K AFC*GFEDPR.T 0.983333333 | 0.941752628
P02795 | MT2A Metallothionein-2 MT2A K.CAQGCIC*K.G 0.985 -
094901 SUN1 SUN domain- SUN1 R.C*SETYETK.T 0.985 ;
containing protein 1
P15153 RAC2 Ras-related C3 RAC2 K.C*VVVGDGAVGK.T 0.99 -
botulinum toxin substrate 2
HSDL2 Hydroxysteroid
Q6YN16 | dehydrogenase-like protein HSDL2 R.LAGC*TVFITGASR.G 0.99 1.514803204
2
RHOG Rho-related GTP- *
P84095 inding brotem RhoG RHOG R.YLEC*SALQQDGVK.E 0.99 -
Q99959 PKP2 Plakophilin-2 PKP2 K.SIGC*FGSR.S 0.99 R
MYBBP1A Myb-binding | MYBBP1 | KAGTDPSHMPTGPQAAS
Q9BQGO rotein 1A i\ DN TR Y 0.99 0.855089355
p179g7 | 'CP1T-complexprotein1 | ropy R.GANDFMC*DEMER.S | 0.993333333 | 1.079708223
subunit alpha
RPS16 40S ribosomal .
P62249 Drotoin 510 RPS16 K. TATAVAHC*K.R 0.996666667 -
PRPF4 U4/U6 small
043172 nuclear ribonucleoprotein PRPF4 K.DVNLASC*AADGSVK.L 0.996666667 -
Prp4
P33240 __ CSTF2 Cleavage CSTF2 KLC*VQNSPQEARN | 0.996666667 -
stimulation factor subunit 2
Q99829 CPNE1 Copine-1 CPNE1 R.VRNC*SSPEFSK.T 1 R
P62280 RPS11 40 ribosomal ps11 | RDVQIGDINTVGEGRPLS | | (oo -
protein S11 K.T
060504 SORBS3 Vinexin SORBS3 | R.LC*DDGPQLPTSPR.L 1.005 R
NT5C1B-RDH14 Protein | NT5C1B- | R.LDVLINNAGIFQC*PYMK.
C9J2C7 NT5C1B-RDH14 RDH14 T 1.005 -
AOFGRS ESYT2 Extended ESYT2 | RAC‘DLPAWVHFPDTERA 1.005 1.078912467
synaptotagmin-2
PYCR1 Pyrroline-5-
P32322 carboxylate reductase 1, PYCR1 R.C*MTNTPVVVR.E 1.006666667 -
mitochondrial
QovaTe | NOC2L Nucleolar complex | ooy K.VQENSAYIC*SR R 1.01 -
protein 2 homolog
EXD2 Exonuclease 3-5 *
Q9NVHO domain-containing protein EXD2 R.SELEDFPVLGIDC'EWVN 1.01 -
2 LEGKA
p35250 | RrC2ReplicationfactorC | priy K. TTSILC*LAR.A 1.01 -
subunit 2
ERP44 Endoplasmic
Q9BS26 | reticulum resident protein | ERP44 R.VDC*DQHSDIAQR.Y 1.01 2.499222999
44
Q5SWX8 ODR4hErr§§’c')g odr-4 ODR4 | R.STATVQIC*SGSVNLK.G | 1.013333333 ;
P46782 Rpsspfftii;”’s°§°ma' RPS5 KAQC*PIVER L 1.013333333 | 1.141043503
PO1112 HRAS GTPase HRas HRAs | R-VKDSDDVPMVLVGNKC 1.015 2222121301
DLAAR.T
094874 UFL1 Eﬁgzzy:'pr°te'” UFL1 K.FINDC*TELFR.E 1.015 -
SLC25A20 Mitochondrial
043772 | camitinefacylcamitine | S-C29A2 K.YTGTLDC*AK K 1.015 -

carrier prot
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PSME1 Proteasome

Q06323 ) . PSME1 K.VDVFREDLC*TK.T 1.02 -
activator complex subunit 1
RRP7A Ribosomal RNA- "
Q9Y3A4 processing protein 7 RRP7A RLLSTC*GLVQSVELQEKP 1.02 -
DLAESPK.E
homolog A
TCP1 T-complex protein 1 K.ILATGANVILTTGGIDDM
P17987 subunit alpha TCP1 CHLK.Y 1.023333333 | 1.079708223
Q9BQGO MYBBE:&WW‘”"'”Q MYE;BM K.GNTAEGC*VHETQEK.Q | 1.023333333 | 0.855089355
CISD2 CDGSH iron-sulfur
Q8N5K1 domain-containing protein CISD2 K.VVNEINIEDLC*LTK.A 1.026666667 -
Q15149 PLEC Plectin PLEC R.LC*FEGLR.S 1.026666667 | 0.941752628
MDH2 Malate
P40926 dehydrogenase, MDH2 K.GC*DVVVIPAGVPR.K 1.026666667 | 0.706639338
mitochondrial
p34gz2 | MSPAd4Heatshock70kDa | qppy K.FLEMC*NDLLAR V 1.03 -
protein 4
CHD4 Chromodomain- «
Q14839 | helicase-DNA-binding CHpg | KCSTAPETAIECTTQAPAPA 1.03 -
. SEDEK.V
protein 4
CCT8 T-complex protein 1 .
P50990 subunit theta CCT8 K.AHEILPNLVCC*SAK.N 1.03 -
P05388 RPLPO 60S acidic RPLPO K.C*FIVGADNVGSK.Q 1.03 0.994331467
ribosomal protein PO
RRP1 Ribosomal RNA
P56182 processing protein 1 RRP1 K.FIDPFC*R.I 1.035 -
homolog A
NUP62 Nuclear pore K.DIEHLNTSGAPADTSDP
P37198 glycoprotein p62 NUP62 LQQIC*K I 1.035 0.80577392
WDR75 WD repeat- K.INMPHEDC*ITALCFCNA
QBIWAO containing protein 75 WDRT75 EK.S 1.04 )
RPL24 60S ribosomal "
P83731 protein L24 RPL24 K.C*ESAFLSK.R 1.04 1.287567988
pa77se | CAPZBFeactin-capping | capzp | K DETVSDC*SPHIANIGR.L | 1.043333333 | 1.398534416
protein subunit beta
P09110 AC_AA1 3-ketoa<_:yI-CoA ACAA1 R.QC*SSGLQAVASIAGGIR 1.045 )
thiolase, peroxisomal .N
PDCD11 Protein RRP5 R.LSC*QNLGAVLDDVPVQ
Q14690 homolog PDCD11 GFFK.K 1.045 1.177203065
P35221 CTNNA1 Catenin alpha-1