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Abstract
Microglial inflammatory responses affect Parkinson's disease (PD) associated nigrostriatal
degeneration. This is triggered, in measure, by misfolded, nitrated alpha-synuclein (N-α-syn)
contained within Lewy bodies that are released from dying or dead dopaminergic neurons into the
extravascular space. N-α-syn-stimulated microglial immunity is regulated by CD4+ T cells. Indeed,
CD4+CD25+regulatory T cells (Treg) induce neuroprotective immune responses. This is seen in
rodent models of stroke, amyotrophic lateral sclerosis, human immunodeficiency virus associated
dementia, and PD. To elucidate the mechanism for Treg-mediated microglial responses, we used a
proteomic platform integrating difference gel electrophoresis and tandem mass spectrometry peptide
sequencing. These tests served to determine the consequences of Treg on the N-α-syn stimulated
microglia. The data demonstrated that Treg substantially alter the microglial proteome in response
to N-α-syn. This is seen through Treg's abilities to suppress microglial neurotoxic proteins linked to
cell metabolism, migration, protein transport and degradation, redox biology, cytoskeletal, and
bioenergetic activities. We conclude that Treg modulate the N-α-syn microglial proteome and, in
this way, can slow the tempo and course of PD.
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Introduction
Parkinson's disease (PD) is a progressive neurodegenerative disease characterized clinically
as gait and motor disturbances such as rigidity, resting tremor, slowness of voluntary
movement, and postural instability. In some cases these evolve to frank dementia1-4. A plethora
of host and environmental factors affect the onset and progression of PD including genetics,
environmental cues, aging, peripheral immunity, impaired energy metabolism, and oxidative
stress5-15. Pathologically, PD is characterized by nigrostriatal degeneration precipitated by
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progressive loss of dopaminergic neuronal cell bodies in the substantia nigra pars compacta
(SNpc) and their projections to the dorsal striatum16. This degeneration is associated with
alterations in innate, microglial activation17-24 and adaptive T cell immunity5,25-27.
Precipitation of immune dysfunction in PD is thought to ensue from the release of cytoplasmic
inclusions of fibrillar, misfolded proteins encased in Lewy bodies (LB) and composed
principally of aggregated α-synuclein (α-syn)28. Such misfolded proteins can engage innate
and adaptive immunity28,29. Indeed, substantive evidence supports the notion that nigrostriatal
degeneration is manifest by α-syn mediated microglial activation, oxidative stress and disease
inciting adaptive immune responses25-27, 30-33. It is the pathogenic spiral of dopaminergic
neuronal death, release of extracellular aggregated α-syn, microglial activation, peripheral
immune activation, collateral neuronal injury, sustained α-syn release with ingress into
lymphatics, and engagement of specific T cell responses that further damage dopamine
neurons.

We previously demonstrated that microglia associated degenerative responses are triggered by
nitrated α-syn (N-α-syn)-specific effector T cells (Teff)25; whereas, CD4+CD25+ regulatory
T cells (Treg) attenuate microglial activation and promote dopaminergic neuronal survival34.
Lacking from our prior works was a mechanism for CD4+ T cell-mediated modulation of
microglial function. Based on these observations, we hypothesized that CD4+ T cells have
dual roles, and as such, influence microglial responses to evoke biological activities that
ultimately effect neuronal survival or loss. In attempts to decipher the mechanisms underlying
such responses, we used aggregated N-α-syn as an inducer of microglial activation30-32, then
examined the microglial proteome affected by interactions with CD4+ T cell subsets35. Using
proteomic approaches, we demonstrate that Treg regulatory activities extend beyond inhibition
of cellular activation and include modulation of a broad range of microglial activities involving
regulation of phagocytosis and proteasome function, induction of redox-active and
bioenergetic proteins, and apoptotic cell processes. Such regulatory events lead to the
attenuation of microglial inflammatory neurotoxic responses. Importantly, the data
demonstrate that the effects of Treg on N-α-syn-mediated immune activities are multifaceted
and of potential therapeutic benefit.

Materials and Methods
Animals

C57BL/6J male mice (7 wks old) were purchased from The Jackson Laboratory (Bar Harbor,
ME) and used for CD4+ T cell isolations. C57BL/6J neonates were obtained from breeder
colonies housed in the University of Nebraska Medical Center animal facilities. All animal
procedures were in accordance with National Institutes of Health guidelines and were approved
by the Institutional Animal Care and Use Committee of the University of Nebraska Medical
Center.

Cell isolates
Microglia were prepared from neonatal mice (1-2 days old) using previously described
techniques36. Cultures were consistently >98% CD11b+ microglia37. CD4+ T cell subsets were
isolated using previously described techniques34, 38. Treg and Teff isolates were >95%
enriched35. CD3-activated T cells were co-cultured with microglia at 1:1 ratio. All analyses of
microglia were performed after removal of the T cells from the cultures.

Recombinant α-syn
Purification, nitration and aggregation of recombinant mouse α-syn were performed as
previously described30-32. N-α-syn was added to cultures at 100 nmol/L (14.5 ng/ml).
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2D Difference Gel Electrophoresis (DIGE) and image analysis
Protein prepared from microglial cell lysates was labeled with the respective CyDyes, followed
by separation in the first and second dimension, and the gels were scanned using a Typhoon
9400 Variable Mode Imager. Analyses of Cy3-Cy5 image pairs, adjustment to Cy2 control
images and detection of protein spots were performed using DeCyder™ software (GE
Healthcare). Statistical significance (P≤ 0.05) was determined with Biological Variance
Analysis (BVA).

Mass spectrometry
In gel trypsin digestion were performed as previously described40. The resulting peptides were
sequenced using Electrospray Ionization-Liquid Chromatography Mass Spectrometry (ESI-
LC MS/MS) (Proteome X System with LCQDecaPlus mass spectrometer, ThermoElectron,
Inc.) with a nanospray configuration. The spectra were searched against the NCBI.fasta protein
database narrowed to murine proteins using SEQUEST search engine (BioWorks 3.1 SR
software from ThermoElectron, Inc.). Validation of select proteins identified by LC-MS/MS
was performed using immunocytochemistry or Western blot (Supplementary information)

Cytotoxicity
The Live/Dead Viability/Cytotoxicity kit (Invitrogen) was performed according to
manufacturer's protocol. Images were taken using fluorescence microscopy. Cell counts were
normalized as the percentage of surviving cells from unstimulated culture controls.

Statistics
For identification of statistically significant proteins, three-to-four analytical gels were
analyzed using BVA software by one-way ANOVA for pair-wise comparison between
treatment groups. Differences between means ± SEM were analyzed by one-way ANOVA
followed by Tukey's post-hoc test for pair-wise comparisons.

Results
Microglial protein profiling techniques following N-α-syn stimulation and Treg co-cultivation

We previously demonstrated that aggregated N-α-syn induces activation of the NF-κB pathway
in microglia resulting in a robust inflammatory response characterized by increased production
of TNF-α, IFN-γ, IL-6, and IL-1β among others 30, 31. Co-culture of microglia with Treg either
pre- or post-stimulation significantly attenuates NF-κB activation as well as inflammatory
cytokine and superoxide production in response to N-α-syn, whereas Teff exacerbate these
responses 34, 39. Therefore, to uncover putative mechanisms for CD4+ T cell-mediated
modulation of the microglial phenotype, 2D DIGE was used to identify differences in protein
expression of N-α-syn stimulated of microglia alone and co-cultured with CD4+ T cells. 2D
DIGE analysis of microglial cell lysates was repeated three separate times with three
independent cell isolations and cultures. Analyses of 2D images from protein lysates of 15 ×
106 microglial cells identified an average of approximately 2000 “putative” protein spots.
DeCyder™ DIGE Analysis of Cy3-labeled proteins from unstimulated microglia and Cy5-
labeled proteins from N-α-syn stimulated microglia obtained from three independent
experiments showed an average of 2072 detected spots. Representative analyses revealed 43%
differentially expressed protein spots after setting a threshold mode of quantitative differences
≥ 2 standard deviations (SD). Of those uniquely identifiable spots (582), 28% were upregulated
and (318) 15% were downregulated in microglial cell lysates in response to 24 h stimulation
with N-α-syn. To assess how CD4+ T cells modulate the N-α-syn microglial phenotype,
microglia were co-cultured with either Treg or Teff for 24 h either prior to stimulation with N-
α-syn (pre-treatment) or following 12 h of stimulation (post-treatment), and comparisons were
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made using 2D DIGE and nano-LC-MS/MS peptide sequencing (Figure 1). Co-cultivation
with Treg prior to stimulation with N-α-syn (pre-treatment) altered the microglial phenotypic
response to N-α-syn stimulation. An analysis of Cy3-labeled proteins from N-α-syn stimulated
microglia and Cy5-labeled proteins from N-α-syn stimulated microglia pre-treated with Treg
obtained from three independent experiments showed an average of 2326 detected spots.
Representative analysis revealed 31% differentially expressed protein spots after setting a
threshold mode of quantitative differences ≥ 2 SD. Of those uniquely identifiable spots (348),
15% were increased and (365) 16% were decreased in microglial cell lysates in response to
Treg treatment prior to N-α-syn stimulation. Pre-treatment with Teff had less robust affects on
the microglial phenotype in response to N-α-syn. Of the > 2000 uniquely identifiable spots,
approximately 32 (1.8%) were decreased and 22 (1.3%) increased in abundance compared to
N-α-syn stimulation alone.

To mimic what may occur during overt disease, CD4+ T cells were added to N-α-syn microglial
cultures 12 h post-stimulation. Co-cultivation with Treg post-stimulation with N-α-syn (post-
treatment) also altered the microglial phenotype. An analysis of Cy3-labeled proteins from N-
α-syn stimulated microglia and Cy5-labled proteins from N-α-syn stimulated microglia post-
treated with Treg obtained from three independent experiments showed an average of 1905
detected spots. Representative analysis revealed 27% differentially expressed protein spots
after setting a threshold mode of quantitative differences ≥ 2 SD. Of those uniquely identifiable
spots, (110) 6% were increased and (403) 21% were decreased in microglial cell lysates in
response to Treg treatment following N-α-syn stimulation. By comparison, post-treatment with
Teff resulted in significant modulation of the microglial proteome in response to N-α-syn
stimulation. Of the > 2000 uniquely identifiable spots, approximately 318 (15%) were
decreased and 325 (16%) were increased in abundance compared to N-α-syn stimulation alone.

To identify differentially expressed proteins (P≤ 0.05), analyses with BVA software were
performed on analytical gels from separate lysates comparing microglia cultures stimulated
with media alone, N-α-syn or co-cultured with Treg or Teff to facilitate cross-comparisons
between treatments by BVA whereby identified spots were compared for area and peak height
(3D plots). The 3D peak of each protein spot, comprised of Cy3-labeled and Cy5-labeled cell
lysates, was generated based on the pixel intensity versus pixel area, where peak area correlated
with the distribution of the protein spot on the gel. 3D images were obtained using 2D Master
Imager and were evaluated independently based on their differential fluorescent signal within
a constant area for the spot. Their relative peak volumes were normalized to the total volume
of the spot (Cy2-labeled). All analytical gels were cross-compared by BVA and matched to a
preparative gel consisting of pooled protein from the experimental groups. The proteins
identified consisted of structural or cytoskeletal proteins, regulatory proteins, redox-active
proteins and enzymes. Figure 2 shows the location of these proteins on the preparative gel
selected for LC-MS/MS sequencing.

N-α-syn stimulation and the microglial proteome
In our prior works, we demonstrated that N-α-syn is capable of inducing the temporal activation
of a neurotoxic microglial phenotype 30, 31. To extend these works, the time course of activation
was extended from 2 h, 4 h, and 8 h to 24 h for the current study. Table 1 shows proteins
differentially expressed in microglia that were stimulated in media alone or with N-α-syn.
Proteins were considered identified with high confidence with at least two peptides sequenced
and met the threshold peptide criteria (Supplementary information). Such threshold criteria
have been determined previously to result in a 95% confidence level in peptide
identification41, 42. The categories of proteins included regulatory, cytoskeleton/structural,
enzymes, mitochondrial, redox-active and others. Figure 3A shows the relative percentages of
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proteins within each classification based on protein function that were modulated by N-α-syn
stimulation and expression trends.

A majority of the proteins positively identified by mass spectrometry were decreased in
expression. A large percentage of the proteins that were decreased in response to N-α-syn
stimulation following 24 h were cytoskeletal associated including vimentin, cofilin 1, beta-
actin and alpha-tubulin (Table 1). N-α-syn stimulation also resulted in decreased expression
of proteins involved in protein processing, transport, and folding. These included cryptochrome
2, 14-3-3 zeta, and annexin A1, as well as several molecular chaperones including heat shock
protein (Hsp) 10, Hsp 60, and Hsp 70. Moreover, stimulation with N-α-syn decreased
expression of proteins associated with the ubiquitin-proteasome system (UPS) greater than 1.5-
fold compared to unstimulated microglia (Table 1). Several proteins associated with
mitochondrial function and redox biology were also decreased as a result of stimulation with
N-α-syn. Of interest, proteins of the electron transport chain (ETC), specifically complex V
involved in adenosine triphosphate (ATP) synthesis, were decreased in expression. Redox-
active proteins were also decreased following 24 h of exposure to N-α-syn including superoxide
dismutase (Sod)1, biliverdin reductase B, peroxiredoxin (Prdx) 1 and glutaredoxin 1 (Table
1). Other proteins decreased following stimulation with N-α-syn stimulation were metabolic
proteins such as acetyl-coenzyme A and aldehyde dehydrogenase, and proteins involved in
glycolysis such as alpha enolase, pyruvate dehydrogenase, and pyruvate kinase (Table 1).
Despite the even-distribution of up- and down-regulated proteins identified in the initial
analysis, many of the proteins that were increased in expression did not reach the confidence
interval threshold for adequate identification by mass spectrometry. Nonetheless, those
identified included lysosomal proteases cathepsins B and D, gelsolin implicated in
inflammation and proteins involved in catabolism including aldo-keto reductase family 1
member B8 and catechol o-methyltransferase (Table 1).

Treg-microglial co-cultivation followed by N-α-syn stimulation (pre-treatment)
To simulate preclinical disease and assess putative mechanisms for early affects of CD4+ T
cells on the microglial phenotype in response to N-α-syn, microglial cells were co-cultured
with CD3-activated CD4+ T cells for 24 h prior to exposure to N-α-syn. Table 2 shows those
proteins differentially expressed in microglia stimulated with N-α-syn alone or pre-treated with
Treg. The relative percentages of proteins within each classification based on protein function
that were modulated by Treg pre-treatment together with N-α-syn stimulation and expression
trends are shown in Figure 3B. Among the proteomic changes induced by pre-treatment of
microglia with Treg prior to N-α-syn stimulation were decreased expression in several
cytoskeletal proteins such as β-actin, vimentin, cofilin 1, and gelsolin, involved in regulation
of cell motility and vesicle transport. Treatment with Treg also resulted in increased expression
of microglial proteins involved in exocytosis such as annexin A1 and annexin A4, and
phagocytosis such as L-plastin (Table 2). In addition, pre-treatment with Treg increased
expression of UPS-related proteins including proteasome subunit alpha type-2, proteasome
subunit beta type-2, ubiquitin specific protease 19 and ubiquitin fusion degradation. Treatment
with Treg also increased the expression of molecular chaperones including HSPs and
calreticulin. Whereas lysosomal proteases cathepsins B and D were increased by N-α-syn
stimulation alone, microglia pre-treated with Treg showed decreased abundance of the same
proteins. Regulatory proteins involved in cellular metabolism (transaldolase 1) and catabolism
(α-mannosidase) were increased in Treg pre-treated cultures (Table 2).

ETC proteins such as nicotinamide adenine dinucleotide (NADH) dehydrogenase (ubiquinone)
Fe-S protein-2 of complex I, cytochrome c oxidase of complex III and the subunits that
comprise the components of ATP synthase were increased by microglia in response to N-α-
syn stimulation following Treg pre-treatment. Changes in the mitochondrial response to Treg
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were not limited to proteins involved in cellular energetic, but included redox proteins,
chaperones, and structural proteins. Other proteins increased as a result of pre-treatment with
Treg were mitochondrial redox-active proteins including peroxiredoxins, Sod 1, Sod 2,
thioredoxin (Thrx) 1 and catalase. In addition, cytoplasmic redox-active proteins were also
increased including Prdx 1, biliverdin reductase B and glutaredoxin 1 (Table 2).

Cross-comparison of Teff pre-treatments was facilitated by the BVA module to compare
protein expression trends. In contrast to pre-treatment with Treg, pre-treatment with Teff did
not alter the expression of structural proteins including cofilin 1 and 2, taxilin alpha or beta
actin in response to N-α-syn stimulation. Expression of lysomal proteases including cathepsin
B and D were also not changed. In addition, pre-treatment with Teff did not affect expression
of redox-active proteins such as Prdx 5, cytochrome c reductase, Thrx 1, or biliverdin reductase
B. However, enzymatic proteins that were involved in glycolysis and metabolism were
decreased in expression following Teff pre-treatment included pyruvate kinase M,
phosphoglycerate kinase and aldolase A. Proteins of the ETC were also decreased including
ATP synthase (Complex V). Compared to N-α-syn stimulation alone, Teff pre-treatment
resulted in greater than 1.5 fold increased expression of voltage-dependent anion channel-1
(Vdac-1), the interferon α/β receptor, and Prdx 1, whereas Hsp 90, chaperonin, galectin 3 and
gelsolin were decreased greater than 1.5 fold in expression (data not shown).

N-α-syn stimulation followed by Treg-microglial co-cultivation (post-treatment)
For comparison of the microglial phenotype after commitment to activation by N-α-syn
stimulation and modulation by CD3-activated CD4+ T cells, microglia were first stimulated
with N-α-syn for 12 h prior to the addition of Treg or Teff for an additional 24 h and the T cells
removed prior to microglial cell lysis. Table 3 shows those proteins differentially expressed in
microglia stimulated with N-α-syn alone or post-treated with Treg. The relative percentages
of proteins within each classification based on protein function that were modulated by Treg
post-treatment together with N-α-syn stimulation and expression trends is shown in Figure 3C.

Similar proteins were affected by post-treatment with Treg as with pre-treatment; interestingly,
some exhibited opposite expression patterns observed after pre-treatment with Treg. Akin to
pre-treatment, post-treatment with Treg yielded increased redox-active protein expression by
activated microglia including Sod1 and Prdx1 and 5. Several proteins differentially expressed
in the pre-treatment analysis were also identified in post-treatment analysis, but were expressed
in opposite directions, including increased expression of structural proteins involved in cell
motility, such as β-actin and γ-actin, decreased expression of mitochondrial proteins including
ETC complex V, and decreased expression of L-plastin (Table 3). Induction of pro-apoptotic
protein expression was observed and included increased expression of apoptosis-associated
speck-like protein containing a caspase recruitment domain, gelsolin, eukaryotic translation
elongation factor 1, and cathepsins B and D. Decreased expression of proteins involved in
cellular metabolism such as aldolase I and aldehyde dehydrogenase 2 was also observed in
response to Treg post-treatment (Table 3).

Cross-comparison of protein expression trends following post-treatment with Teff revealed
that in contrast to pre-treatment, post-treatment with Teff increased expression of redox-active
proteins including Prdx 1, Thrx 1, and cytochrome c oxidase in N-α-syn stimulated microglia
compared to N-α-syn stimulation alone. Ferritin light chain, Hsp 70, and transaldolase 1 were
also increased. Similar to pre-treatment, expression of cathepsins B and D were not affected.
Moreover, expression of pro-apoptotic proteins was not affected with Teff post-treatment (data
not shown).
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Validation of protein identification and biological significance
Immunocytochemistry and Western blot analyses were used to validate protein expression
trends identified in our proteomic analyses. Immunoflourescent cytochemistry revealed that
stimulation with N-α-syn significantly reduced Prx1 expression in microglial cells compared
to unstimulated microglia. In contrast, Treg pre-treatment protected against a decrease in Prx1
expression (Fig. 4A). In comparison, post-treatment with Treg rescued microglial Prx1
expression and restored expression levels to near 100% of the unstimulated control. The effect
of Teff was more variable and depended on the temporal engagement of Teff with stimulated
microglia. Pre-treatment with Teff did not effectively alter Prx1 expression in response to N-
α-syn stimulation, however Prx1 expression appeared to be partially rescued following post-
treatment with Teff although this did not reach statistical significance.

Western blot validation for cytoskeletal and inflammatory proteins that were involved both in
cell mobilization as well as survival, confirmed expression trends of select proteins following
different culture conditions (Fig. 4B). Expression of alpha-tubulin was decreased nearly 6-fold
following Treg pre-treatment, and compared to a 1.5 fold increase by N-α-syn stimulation
alone. In comparison, alpha tubulin expression in N-α-syn–stimulated microglia following Teff
pre-treatment was reduced by 2-fold. Post-treatment with Treg or Teff failed to alter alpha-
tubulin expression levels in N-α-syn stimulated microglia. Analysis of gelsolin confirmed the
increased expression in N-α-syn stimulated microglial lysates compared to control (1.5 fold).
Pre-treatment with Treg reduced gelsolin expression to control levels, while, post-treatment
increased gelsolin expression compared to N-α-syn stimulation alone. Albeit pre-treatment
with Treg had no effect on galectin 3 expression, post-treatment with Treg resulted in a 1.4
fold increase compared to N-α-syn stimulation alone. No change in expression of gelsolin or
galectin 3 was detected in response to Teff treatment by Western blot.

Immunofluorescence cytochemistry for actin and Hsp70 also confirmed differential expression
of these proteins following N-α-syn stimulation and pre-treatment with CD4+ T cells. Whereas
pre-treatment with Treg significantly decreased fluorescence intensity of beta-actin expression
in response to N-α-syn stimulation, expression of Hsp70 was increased compared with N-α-
syn stimulation alone to levels and exceeded those observed in unstimulated controls. By
comparison, pre-treatment with Teff had no observed affect on either actin or Hsp70 expression
compared with N-α-syn stimulation alone (Fig 4C).

Deleterious microglial activation is postulated to affect a neurodegenerative process in PD. For
this reason, suppression of microglial activation by Treg may be responsible for the profound
protection observed in vivo34. To investigate whether phenotypic modulation of microglia by
Treg co-culture affected neuronal survival, an in vitro model of microglia-mediated
cytotoxicity was established using N-α-syn-activated microglia and the dopaminergic cell line
MES23.5. We observed a 56% loss of MES23.5 cells after co-culture for 24 h with N-α-syn
stimulated microglia compared to control co-cultures of MES23.5 with unstimulated microglia
(Fig. 4D). In contrast, co-culture of N-α-syn stimulated microglia with Treg inhibited
microglial-mediated MES23.5 cytotoxicity, while activated Teff afforded no cytotoxic
protection. These data suggested that Treg modulation of microglia attenuates the
neurocytotoxic responses mediated by activated microglia. In addition, supernatants from
microglia stimulated with N-α-syn alone or N-α-syn and cultured in the presence of Teff were
cytotoxic to MES23.5 cells, whereas neurocytotoxicity was abrogated in supernatants from
stimulated microglia co-cultured with Treg. Surprisingly, there was less cytotoxicity induced
from culture supernatants from N-α-syn microglia treated with Teff than seen in supernatants
from N-α-syn microglia alone. How this occurred awaits further study. These data demonstrate
the potential of Tregs to suppress cytotoxicity afforded by N-α-syn-activated microglia, and
suggest that direct modulation of microglial responses provides a primary mechanism for Treg-
mediated neuronal protection.
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Discussion
The events that lead to microglial activation in PD and its effects on neuronal survival can be
attributed to the formation of aggregated α-syn in the cytosol or in LB, the death of
dopaminergic neurons, and the release of these modified aggregates to activate microglia and
induce a lethal cascade of neuroinflammation and neuronal destruction33, 43. Oxidation of α-
syn leads to formation of aggregates and filaments found to be a major component of LB44,
45. α-Syn released from dying dopaminergic neurons activates microglia, causing release of
reactive oxygen species (ROS) and neurotoxicity30-34. Indeed, oxidized and aggregated α-syn,
when released from dying neurons, may stimulate scavenger receptors on microglia resulting
in their sustained activation and dopaminergic neurodegeneration29, 33, 43. Alternatively,
microglia may internalize α-syn through the formation of clathrin pits and secondarily activate
microglia46. Activated microglia generate nitric oxide and superoxide that rapidly react to form
peroxynitrite47, which can then traverse cell membranes resulting in nitrotyrosine formation
and further nitration of α-syn, DNA damage, mitochondrial inhibition, and lipid
peroxidation48. The mechanisms by which α-syn activates microglia have been extensively
studied and include endocytosis of α-syn by microglia with subsequent cell stimulation
resulting in NF-κB activation and secretion of pro-inflammatory cytokines and chemokines as
well as production of ROS30, 33, 46. Moreover, α-syn alters the microglial genome, proteome,
and secretome leading to the temporal conversion from a neuroregulatory phenotype to an
activated phenotype; the latter characterized by differential expression of regulatory, structural,
and redox-active proteins, and enzymes together with altered biochemical functions including
protein processing, trafficking and degradation30, 31.

Microglia serve as the first line of defense and protects the host against pathogenic microbes
through phagocytosis, antigen presentation, and secretion of biologically active factors, as well
as mediation of pathological processes. During homeostatic conditions, microglial cells are in
a resting state, their cell bodies barely visible and few ramified processes. Neuroprotective
functions of homeostatic microglia are suggested by their abilities to produce neurotrophins
and eliminate excitotoxins present in the extracellular spaces49 and may also promote neuronal
survival following injury50, 51. Underlying these cellular functions is inflammation.
Altogether, the inflammatory process serves as a sensor against invasion of bacteria, viruses,
and parasites, as well as wound healing following acute tissue infection and injury. However,
inflammation is closely linked to neurodegenerative processes. In the central nervous system
(CNS), neuroinflammation perpetrated through activation of microglia and other glial elements
act in concert as a central pathway in a multitude of neurodegenerative disorders including PD.
These initial responders of innate immunity set up a cascade, and later involve the activation
and recruitment of adaptive immunity and ultimately neurodegeneration.

A role for adaptive immunity in the pathogenesis of PD has been proposed as a result of several
independent lines of investigation that demonstrated a robust adaptive immune response to the
CNS consisting of T cell and B cell infiltration, and immunoglobulin deposition within the
SNpc to a greater extent than could be attributed to normal immune survelience5, 25-27.
Importantly, an intact adaptive immune system with functional CD4+ T cells are required for
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced Parkinsonism in rodents26.
As microglial activation is a key pathological feature of PD, we hypothesized that microglial
interactions with specific CD4+ T cell subsets may affect the microglial activation phenotype
and thus the tempo of disease. Specifically, we posited that interactions with Teff would
exacerbate neurotoxic responses whereas Treg would attenuate microglial activation. This is
in contrast to current hypotheses that a synergistic immune response between Th1 and Th2
modulate the microglial neurotoxic phenotype to neuroprotective52, 53. According to this
hypothesis, synergy between IFN-γ and IL-4 is necessary to modulate neuroprotective innate
immunity, in that protection cannot be afforded without the innate immune cells first being
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activated. However, during neurodegenerative disease, microglia and astrocytes are already in
the activated state and induce Th1 responses that exacerbate the microglial neurotoxic
phenotype, whereas the induction of Th2/Treg responses would effectively attenuate disease
pathogenesis 39, 54.

Genomic and proteomic methodologies are widely used to evaluate changes in gene transcripts
and protein expression linked to PD pathogenesis. Analyses of SN of PD patients revealed
dysregulation in gene expression, including substantial down-regulation of genes involved in
synapse function, dopaminergic phenotype, cytoskeletal maintenance60,and components of the
proteasome and ETC complexes61. The results of which provide support for the impairment
of multiple ETC complexes and the UPS in PD. Of these, genes involved in the ETC62, as well
as genes encoding components of the UPS were decreased. These analyses also revealed an
upregulation of genes that participate in protein disposal and degradation60, induction of HSPs,
anti-apoptotic gene groups, and genes involved in mitogenic pathways62. Analysis of protein
expression of the SN from PD patients implicates an inflammatory process in disease
pathogenesis. Higher expression of redox-active proteins64, along with reduced complex I, II,
and III activity was also identified to support this contention. Studies have thus far revealed
relatively comprehensive quantitative changes in gene expression and protein expression, as
well as post-translational modifications (mostly oxidative damage) of high abundance proteins,
thus confirming deficits in energy production, protein degradation, antioxidant protein
function, and cytoskeletal regulation associated with neurodegenerative diseases such as
PD65-72.

Interaction between Treg and microglia affect microglial processes including inflammation,
cell function, and specific enzymatic activities ultimately resulting in the conversion of
microglia from a neurotoxic to neuroprotective phenotype. This change is multifunctional as
the microglial response to stimuli can induce reversion to its original function in maintenance
of homeostasis and prevention of neuronal damage. We show that the cellular proteome of
microglia in response to N-α-syn stimulation is modulated by pre-treatment with Treg and
consists of increased expression of redox-active proteins, altered expression of cytoskeletal
proteins involved in phagocytosis and migration, increased expression of HSPs and proteins
of the UPS, increased expression of proteins of the ETC, and decreased expression of lysosomal
proteases. Taken together, our data suggest that Treg are able to facilitate microglial
homeostatic functions to cope with oxidative stress and accumulation of aberrant proteins.
Indeed, HSPs have been shown to protect cells from toxicity associated with inhibition of
proteasomal function and form excess levels of normal or abnormal proteins55, 56. As inhibition
of the proteasomal system has been implicated in PD pathogenesis, stimulation of UPS-
mediated proteolysis could serve as a potential therapeutic avenue induced by Treg to reduce
protein aggregation and pathology linked to PD. As disease progresses, the effects of Treg on
the microglial phenotype may be subverted as a result of reduced numbers or function of Treg,
reduced microglial susceptibility to Treg regulation or robust effector T cell responses that
overwhelm regulatory functions. The result is a compromise of microglial function and
homeostasis and induction of an inflammatory phenotype that mediates neurodegenerative
processes.

Proteomic changes observed by addition of Treg post-treatment were less robust than with pre-
treatment. In keeping with prior studies, the proteomic profile of the stimulated microglia
following co-culture with Treg revealed increased expression of apoptotic proteins, which
parallel decreased expression in proteins related to ATP synthesis and cellular metabolism. N-
α-syn induces ROS production and NF-κB activation by microglia30-32, and oxidative
modification of several proteins may result in altered structure and function or targeted
degradation following treatment with Treg that were not targeted with pre-treatment. Less
robust changes observed with post-treatment may also be attributed to increased caspase
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activation and apoptosis of microglia35 resulting in altered protein synthesis and processing.
Increased expression of lysosomal proteases including cathepsins B and D suggest that post-
stimulatory Treg interactions induce autolysis57. Indeed, we have shown that the pro-apoptotic
effect of Tregs on activated microglia is mediated, in part, by the Fas-FasL pathway and is
contingent on cathepsin B expression35.

A novel hypothesis for Treg modulation of microglial function during the asymptomatic and
overt disease stages in PD is proposed. This hypothesis is based on the activation of innate
immune responses by aggregated and oxidized neural proteins, particularly α-syn. We posit
that during the asymptomatic stage, adaptive immune responses are operative on microglia that
attenuate microglial activation and neuroinflammatory responses including ROS that parallel
nigral neuronal damage and subsequent release of α-syn from LB. Treg at this stage of disease
modulate microglia to be actively phagocytic and produce a spectrum of regulatory factors that
maintain CNS homeostasis. This limits accumulation of α-syn in the extravascular space. Such
biochemical events preclude the development of potent neurodegenerative immune responses
and the widespread, often adverse affects of oxidized and misfolded proteins. During overt
disease, regulation of adaptive immunity breaks down and significantly influences control of
the neural environment25, 26. Indeed, the effects of aging on microglial function have been
proposed to result in chronic microgliosis or cellular senescence leading to the production of
pro-inflammatory and neurotoxic mediators58, 59. Treg may also be, in part, reduced in
numbers and function as a result of age, decreased T cell receptor repertoire and N-α-syn
immunity. However, clinical analyses of T cell subsets yielded conflicting results in regards
to CD4+CD25+ Treg numbers and function5,11 for aging and PD. Nonetheless, the
neuroinflammatory events seen in disease are known to result in more widespread nigrostriatal
damage, recruitment of immunocytes into the brain and a spiral of pathogenic activities
facilitating accelerated neuronal damage and loss. Profound oxidative-associated neuronal
damage and death of nigral neurons lead to increased release of α-syn and drives subsequent
oxidation and folding. With increased exposure to N-α-syn, microglia are activated yielding a
phenotype with reduced phagocytic capacity and homeostatic secretory processes. During this
phase, Treg likely engages activated microglia for apoptosis or affect neurotrophic activities
while showing limited, in part, pro-inflammatory activity. Our results, taken together,
demonstrate the importance of adaptive immune responses in the tempo, progression and
control of PD. How such immunomodulators can be controlled for the benefit of the patient
will continue to be a target area for future research.

Conclusion
These studies corroborate observations of others73-75 that uncover important differences in the
mechanism of Treg-mediated suppression of inflammation. While pre-treatment with Treg
alter the microglial activation phenotype to stimulation, Treg interactions following stimuli-
mediated activation induce apoptosis. The ability of Treg to regulate microglial inflammation,
cell function, and specific enzymatic activities provide novel tools to manipulate ongoing
microglial inflammatory responses. In light of these and previously published findings, we
now propose a model for disease with regards to a role for Treg in both the pathogenesis and
therapeutic intervention of PD. As such, these data support the use of therapeutics that
manipulates Treg responses within the brain or that target specific protein changes linked to
reversion of a neurotoxic microglial phenotype to neurotrophic.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Experimental design for microglial proteomics protein discovery. Microglia were co-cultured
for 24 h with CD4+CD25+ Treg (or Teff) or without as control. Treg (or Teff) were removed
from the cultures and the microglia stimulated with aggregated N-α-syn for 24 h [pre-treatment]
to represent asymptomatic disease (A). Alternatively, microglia were stimulated with N-α-syn
for 12 h prior to the addition of Treg [post-treatment] to represent more overt disease (B).
Twenty-four hours later microglial cell protein lysates were prepared and subjected to 2D
electrophoresis. Decyder analysis software was used to match spots and identify expression
patterns. Selected protein spots were excised, digested with trypsin and identified by nano-LC-
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MS/MS peptide sequencing. Database searches were performed using SEQUEST with criteria
thresholds set to afford greater than 95% confidence level in peptide identification.
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Figure 2.
2D-DIGE of proteins from all experimental groups with matched spots picked for sequencing
identifications by nano-LC-MS/MS. A representative preparative gel is shown. Equal amounts
of protein were pooled from all experimental groups (unstimulated, N-α-syn-stimulated, pre-
and post-treatment with Treg or Teff) and replicates for a total concentration of 450 μg. The
pooled sample was applied to a pH gradient strip and separated with isoelectric focusing for
the first dimension. For the second dimension, the strip was loaded onto a large format gradient
gel and separated based on molecular weight. Following electrophoresis, the gel was fixed and
post-stained with Deep Purple for positive detection of protein spots. Circled spots identified
by BVA using Decyder analysis software were selected for excision. Proteins with the most
peptides positively identified within a specific spot are labeled on the gel. (Abbreviations: Prdx,
peroxiredoxin; Thx, thioredoxin, Vdac, voltage-dependent anion channel; Sod, superoxide
dismutase; Hsp, heat shock protein; Capg, macrophage capping protein; NAD, nicotinamide
adenine dinucleotide).
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Figure 3.
Classification of proteins modulated by N-α-syn stimulation and Treg treatment. Pie-chart
diagrams represent the proportion (%) of proteins within specific categories based on
classification and function identified by mass spectrometry. (A) Classification of proteins
differentially expressed by microglia in response to N-α-syn stimulation alone. (B) Relative
expression of proteins in response to N-α-syn stimulation compared to unstimulated controls.
Several proteins within each category showing both increased and decreased proteins were
identified including those for apoptosis (*gelsolin increased; nucleoside-diphosphate kinase
decreased) and glycolysis (§enolase 3 and lactate dehydrogenase increased; alpha enolase,
pyruvated dehydrogenase, pyruvate kinase, and triosphosphate isomerase 1 decreased) (Table
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1). (C) Proportion of microglial proteins differentially expressed in response to N-α-syn
following Treg pre-treatment and the relative expression trends shown in D. Categories
associated with transcription (*VIP-receptor gene repressor protein, TAR DNA binding
protein, and Ubiquitin conjugating enzyme E2N increased; MRG-binding protein decreased),
cell motility (§microtubule associated protein increased; laminin B2, beta actin, and alpha
tubulin decreased), structural (#Capg and guanine nucleotide exchange factor increased;
vimentin, cofilin 1 and 2 decreased), and oxidative phosphorylation (†NADH dehydrogenase
Fe-S, ATP synthase O subunit, H+-ATP synthase e subunit, and cytochrome c oxidase
increased; ATP synthase F0 complex decreased) consisted of both increased and decreased
expression of proteins (Table 2). (E) Proportion of microglial proteins differentially expressed
in response to N-α-syn following Treg post-treatment and the relative expression trends shown
in F. Categories associated with metabolism (#phosphoglycerate mutase 1 increased; aldolase
1 and aldehyde dehydrogenase 2 decreased), oxidative phosphorylation (§ATP synthase D
increased; H+-transporting two-sector ATPase alpha chain decreased), and chaperones
(#cyclophilin A increased; protein disulfide isomerase decreased) consisted of both increased
and decreased expression of proteins (Table 3). (¶Proteins within this category were not
identified as differentially expressed).
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Figure 4.
Treg modulate microglial inflammation to attenuate the neurotoxic phenotype of N-α-syn
stimulated microglia. (A) Photomicrographs (20× magnification) of Prx1 expression (green)
in microglia treated with media alone (CON), N-α-syn, or cultured with CD4+ T cell subsets
following pre-and post-treatment. Values shown are the mean fluorescence intensity (MFI) per
field ± SEM. (B) Western blot analysis for α-tubulin, galectin 3 and gelsolin in response to
treatment normalized to Gapdh expression within the same blot for comparisons. (C)
Photomicrographs (20× magnification) of actin expression (red) or Hsp70 (green) in microglia
treated with media alone (CON), N-α-syn, or cultured with CD4+ T cell subsets following pre-
and post-treatment. Values shown are the MFI per field ± SEM. (D) Survival of MES23.5 cells
after co-culture with N-α-syn stimulated microglia with and without Treg or Teff or after
culture with condition media (supernatants) of N-α-syn stimulated microglia treated with either
Treg or Teff. Values ± SEM (P< 0.01 vs. aCON, bN-α-syn alone, cN-α-syn/Teff).

Reynolds et al. Page 21

J Proteome Res. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 22
Ta

bl
e 

1
N

-α
-s

yn
 st

im
ul

at
ed

 p
ro

te
om

e

Pr
ot

ei
n 

ID
 b

y
L

C
/M

S/
M

S*
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

pI
11

Su
bc

el
lu

la
r 

L
oc

at
io

n¶
Fu

nc
tio

n#
Pe

pt
id

e**
#

D
IG

E
††

In
de

x
P-

va
lu

e‡‡

H
et

er
og

en
eo

us
 n

uc
le

ar
 ri

bo
nu

cl
eo

pr
ot

ei
n

A
2/

B
1 

is
of

or
m

 2
O

88
56

9
IP

I0
06

22
84

7
37

40
3

8.
97

N
uc

le
us

tra
ns

cr
ip

tio
n

2
-1

.6
9

G
ua

ni
ne

 n
uc

le
ot

id
e-

bi
nd

in
g 

pr
ot

ei
n

P6
28

80
IP

I0
01

62
78

0
37

33
1

5.
60

C
yt

op
la

sm
G

TP
as

e 
ac

tiv
ity

2
-1

.5
0.

00
4

G
ua

ni
ne

 n
uc

le
ot

id
e-

bi
nd

in
g 

pr
ot

ei
n

Q
61

01
1

IP
I0

01
16

93
8

37
24

0
5.

41
C

yt
op

la
sm

G
TP

as
e 

ac
tiv

ity
2

-1
.5

0.
00

4

In
te

rle
uk

in
-6

 re
ce

pt
or

 su
bu

ni
t b

et
a

Q
00

56
0

IP
I0

01
20

15
5

10
24

52
5.

32
M

em
br

an
e

si
gn

al
 tr

an
sd

uc
tio

n
3

-1
.8

4
0.

05

U
bi

qu
iti

n 
A

-5
2 

re
si

du
e 

rib
os

om
al

 p
ro

te
in

fu
si

on
B

0L
A

C
2

IP
I0

01
38

89
2

80
38

.2
6.

89
R

ib
os

om
e

pr
ot

ei
n 

m
od

ifi
ca

tio
n

2
-1

.5
1

0.
05

A
lp

ha
 tu

bu
lin

P6
83

69
IP

I0
01

10
75

3
50

13
6

4.
94

C
yt

os
ke

le
to

n
ce

ll 
m

ot
ili

ty
2

-2
.2

1

B
et

a 
ac

tin
P6

07
10

IP
I0

01
10

85
0

26
98

33
5.

82
C

yt
os

ke
le

to
n

ce
ll 

m
ot

ili
ty

3
-1

.5
0.

04
6

D
yn

ei
n 

cy
to

pl
as

m
ic

 1
 in

te
rm

ed
ia

te
 c

ha
in

 2
O

88
48

7
IP

I0
01

31
08

6
68

39
4

5.
16

C
yt

os
ke

le
to

n
ce

ll 
m

ot
ili

ty
2

-2
.2

1

G
al

ec
tin

 3
P1

61
10

IP
I0

01
31

25
9

27
51

5
8.

47
C

yt
op

la
sm

/n
uc

le
us

pr
ot

ei
n 

bi
nd

in
g,

 p
ha

go
cy

to
si

s
4

-2
.9

6

L-
pl

as
tin

Q
61

23
3

IP
I0

01
18

89
2

70
14

9
5.

2
C

yt
os

ke
le

to
n

ph
ag

oc
yt

os
is

2
-1

.9
5

R
uv

B
-li

ke
 p

ro
te

in
 1

P6
01

22
IP

I0
01

33
98

5
50

21
4

6.
02

N
uc

le
us

pr
ol

ife
ra

tio
n

5
-1

.5

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 c
ha

nn
el

 2
Q

60
93

0
IP

I0
01

22
54

7
31

73
3

7.
44

M
ito

ch
on

dr
ia

io
n 

tra
ns

po
rt

6
-1

.7
1

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 c
ha

nn
el

 3
Q

60
93

1
IP

I0
08

76
34

1
30

75
3

8.
96

M
ito

ch
on

dr
ia

io
n 

tra
ns

po
rt

19
-1

.9
4

V
ac

uo
la

r H
+A

TP
as

e 
B

2
P6

28
14

IP
I0

01
19

11
3

56
55

1
5.

57
M

em
br

an
e

io
n 

tra
ns

po
rt

6
-1

.8
2

0.
04

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

-s
el

ec
tiv

e 
ch

an
ne

l
pr

ot
ei

n 
1 

(V
D

A
C

-1
)

Q
60

93
2

IP
I0

02
30

54
0

32
35

1
8.

55
M

em
br

an
e/

 M
ito

ch
on

dr
ia

io
n 

tra
ns

po
rt

3
-1

.9
4

G
-p

ro
te

in
 b

et
a 

su
bu

ni
t

Q
61

62
1

IP
I0

01
20

71
6

13
53

3
5.

50
M

em
br

an
e

G
-p

ro
te

in
 si

gn
al

in
g

4
-1

.5
0.

00
4

La
m

in
 A

 is
of

or
m

 C
2

P4
86

78
IP

I0
02

30
43

5
74

23
8

6.
54

N
uc

le
us

m
em

br
an

e 
st

ab
ili

za
tio

n
22

-1
.6

7
0.

01
7

C
of

ili
n 

1
P1

87
60

IP
I0

08
90

11
7

18
55

9
8.

22
C

yt
os

ke
le

to
n

ac
tin

 p
ol

ym
er

iz
at

io
n

3
-2

.1
5

0.
02

C
of

ili
n 

2
P4

55
91

IP
I0

02
66

18
8

18
71

0
7.

66
C

yt
os

ke
le

to
n

ac
tin

 p
ol

ym
er

iz
at

io
n

2
-2

.1
5

0.
02

V
im

en
tin

P2
01

52
IP

I0
02

27
29

9
53

68
8

5.
06

C
yt

os
ke

le
to

n
st

ab
ili

ze
 c

yt
os

ke
le

to
n

5
-2

.3
5

0.
05

Pe
rip

he
rin

P1
53

31
IP

I0
01

29
52

7
54

26
8

5.
40

C
yt

os
ke

le
to

n
cy

to
sk

el
et

on
 o

rg
an

iz
at

io
n

2
-2

.3
5

0.
05

D
es

m
in

P3
10

01
IP

I0
01

30
10

2
53

49
8

5.
21

C
yt

os
ke

le
to

n
st

ab
ili

ze
 c

yt
os

ke
le

to
n

2
-2

.3
5

0.
05

A
de

ny
ly

l c
yc

la
se

-a
ss

oc
ia

te
d 

pr
ot

ei
n 

1 
(C

A
P

1)
P4

01
24

IP
I0

01
37

33
1

51
57

5
7.

16
C

yt
os

ke
le

to
n

cy
to

sk
el

et
on

 o
rg

an
iz

at
io

n
3

-2
.3

9
0.

05

Fa
sc

in
Q

61
55

3
IP

I0
03

53
56

3
54

50
8

6.
44

Fi
lo

po
di

um
ac

tin
 b

in
di

ng
3

-1
.6

3

A
nn

ex
in

 A
2

P0
73

56
IP

I0
04

68
20

3
38

67
6

7.
55

Se
cr

et
ed

m
at

rix
2

-1
.5

A
nn

ex
in

 A
10

Q
9Q

Z1
0

IP
I0

01
36

65
9

37
30

1
5.

40
M

ito
ch

on
dr

ia
m

at
rix

2
-1

.6
3

0.
05

In
ne

r m
em

br
an

e 
pr

ot
ei

n,
 m

ito
ch

on
dr

ia
Q

8C
A

Q
8

IP
I0

02
28

15
0

83
90

0
6.

18
M

ito
ch

on
dr

ia
m

at
rix

7
-1

.5
8

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 23

Pr
ot

ei
n 

ID
 b

y
L

C
/M

S/
M

S*
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

pI
11

Su
bc

el
lu

la
r 

L
oc

at
io

n¶
Fu

nc
tio

n#
Pe

pt
id

e**
#

D
IG

E
††

In
de

x
P-

va
lu

e‡‡

G
el

so
lin

A
2A

L3
5

IP
I0

01
17

16
7

85
94

2
5.

83
C

yt
os

ke
le

to
n

ap
op

to
si

s a
nd

 in
fla

m
m

at
io

n,
ve

si
cl

e 
tra

ns
po

rt
8

1.
53

0.
05

A
nn

ex
in

 A
1

P1
01

07
IP

I0
02

30
39

5
38

73
4

6.
97

C
yt

op
la

sm
m

em
br

an
e 

fu
si

on
 a

nd
ex

oc
yt

os
is

2
-1

.5

Pa
lm

ito
yl

-p
ro

te
in

 th
io

es
te

ra
se

 1
B

1B
0P

8
IP

I0
08

81
28

9
19

55
0

8.
09

M
em

br
an

e/
 L

ys
os

om
e

en
do

cy
to

si
s/

 p
ro

te
in

 tr
an

sp
or

t
2

-1
.5

R
ho

 G
D

P 
di

ss
oc

ia
tio

n 
in

hi
bi

to
r (

G
D

I)
 al

ph
a

Q
99

PT
1

IP
I0

03
22

31
2

23
40

7
5.

12
C

yt
op

la
sm

/ m
em

br
an

e
pr

ot
ei

n 
bi

nd
in

g
9

-2
.0

8

C
ry

pt
oc

hr
om

e 
2

Q
9R

19
4

IP
I0

01
28

23
4

66
85

0
8.

66
C

yt
op

la
sm

/n
uc

le
us

pr
ot

ei
n 

tra
ns

po
rt

3
-1

.5
0.

03
9

14
-3

-3
 z

et
a

P6
31

01
IP

I0
01

16
49

8
27

11
1

4.
73

M
ito

ch
on

dr
ia

pr
ot

ei
n 

ta
rg

et
in

g
5

-2
.3

9
0.

05

Fe
rr

iti
n 

lig
ht

 c
ha

in
 1

P2
93

91
IP

I0
07

62
20

3
20

80
2

5.
66

C
yt

op
la

sm
iro

n 
ho

m
eo

st
as

is
5

-1
.7

5
0.

05

Fe
rr

iti
n 

he
av

y 
ch

ai
n 

1
P0

95
28

IP
I0

02
30

14
5

21
06

7
5.

53
C

yt
op

la
sm

iro
n 

ho
m

eo
st

as
is

3
-1

.6
1

0.
02

A
ce

ty
l-C

oe
nz

ym
e 

A
 a

ce
ty

ltr
an

sf
er

as
e 

1
A

8X
U

S5
IP

I0
02

28
25

3
41

29
8

7.
16

C
yt

op
la

sm
m

et
ab

ol
is

m
4

-1
.5

2

A
ce

ty
l-C

oe
nz

ym
e 

A
 a

cy
ltr

an
sf

er
as

e 
2

A
8X

U
T1

IP
I0

08
81

59
1

38
14

7
7.

63
C

yt
op

la
sm

m
et

ab
ol

is
m

2
-1

.5
2

A
ld

eh
yd

e 
de

hy
dr

og
en

as
e,

 m
ito

ch
on

dr
ia

l
P4

77
38

IP
I0

01
11

21
8

56
53

8
7.

53
M

ito
ch

on
dr

ia
m

et
ab

ol
is

m
23

-2
.7

9

H
ex

os
am

in
id

as
e 

B
P2

00
60

IP
I0

01
15

53
0

61
11

6
8.

28
Ly

so
so

m
e

m
et

ab
ol

is
m

4
-2

.7
9

U
gp

2 
pr

ot
ei

n
Q

8R
0M

2
IP

I0
02

79
47

4
55

49
8

6.
92

C
yt

op
la

sm
m

et
ab

ol
is

m
6

-1
.5

0.
02

8

Py
ro

ph
os

ph
at

as
e

Q
9D

81
9

IP
I0

01
10

68
4

32
66

7
5.

37
C

yt
op

la
sm

m
et

ab
ol

is
m

7
-1

.7
3

A
ld

o-
ke

to
 re

du
ct

as
e 

fa
m

ily
 1

, m
em

be
r B

8
Q

3U
JW

9
IP

I0
04

66
12

8
36

61
5

6.
90

C
yt

op
la

sm
/ m

em
br

an
e

ca
ta

bo
lis

m
4

1.
6

C
at

ec
ho

l O
-m

et
hy

ltr
an

sf
er

as
e

O
88

58
7

IP
I0

07
59

87
6

29
49

6
5.

52
C

yt
op

la
sm

ca
ta

bo
lis

m
3

1.
51

0.
05

G
lu

ta
m

at
e 

ox
al

oa
ce

ta
te

 tr
an

sa
m

in
as

e 
2,

m
ito

ch
on

dr
ia

l
P0

52
02

IP
I0

01
17

31
2

47
41

1
9.

13
M

ito
ch

on
dr

ia
ca

ta
bo

lis
m

6
-1

.5
0.

04
6

Fa
tty

 a
ci

d-
bi

nd
in

g 
pr

ot
ei

n
P0

52
01

IP
I0

02
30

20
4

46
23

2
6.

68
C

yt
op

la
sm

ca
ta

bo
lis

m
4

-3
.5

7
0.

02

C
at

he
ps

in
 B

P1
06

05
IP

I0
01

13
51

7
37

28
0

5.
57

Ly
so

so
m

e
th

io
l p

ro
te

as
e

4
2.

86
0.

00
5

C
at

he
ps

in
 D

P1
82

42
IP

I0
01

11
01

3
44

95
4

6.
71

Ly
so

so
m

e
ac

id
 p

ro
te

as
e

4
1.

62
0.

03
6

C
al

re
tic

ul
in

P1
42

11
IP

I0
01

23
63

9
47

99
5

4.
33

M
em

br
an

e/
 E

R
ch

ap
er

on
e

6
-4

.6

C
al

re
tic

ul
in

 3
 is

of
or

m
 1

Q
9D

9Q
6

IP
I0

01
13

02
3

44
19

8
5.

99
ER

ch
ap

er
on

e
2

-2
.7

5

C
ha

pe
ro

ni
n 

su
bu

ni
t 6

a 
ze

ta
Q

52
K

G
9

IP
I0

01
16

28
1

58
07

6
6.

46
C

yt
op

la
sm

ch
ap

er
on

e
3

-1
.6

7
0.

01
7

H
SP

 1
0

Q
64

43
3

IP
I0

02
63

86
3

10
96

3
7.

91
M

ito
ch

on
dr

ia
ch

ap
er

on
e

2
-3

.2
9

H
SP

 6
0

P6
30

38
IP

I0
03

08
88

5
60

95
5

5.
91

M
ito

ch
on

dr
ia

ch
ap

er
on

e
17

-2
.3

5
0.

05

H
SP

 7
0

P6
30

17
IP

I0
03

23
35

7
70

87
1

5.
37

C
yt

op
la

sm
ch

ap
er

on
e

17
-2

.3
5

0.
05

Pr
ot

ea
so

m
e 

su
bu

ni
t, 

al
ph

a 
ty

pe
 2

P4
97

22
IP

I0
08

90
00

1
25

92
6

8.
39

C
yt

op
la

sm
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
2

-1
.5

3
0.

05

Pr
ot

ea
so

m
e 

su
bu

ni
t, 

al
ph

a 
ty

pe
 3

O
70

43
5

IP
I0

03
31

64
4

28
40

5
5.

29
C

yt
op

la
sm

/n
uc

le
us

U
bi

qu
iti

n-
Pr

ot
ea

so
m

e 
sy

st
em

6
-2

.3
9

0.
05

Pr
ot

ea
so

m
e 

su
bu

ni
t, 

al
ph

a 
ty

pe
 6

Q
9Q

U
M

9
IP

I0
01

31
84

5
27

37
2

6.
35

C
yt

op
la

sm
/n

uc
le

us
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
4

-1
.5

4

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 24

Pr
ot

ei
n 

ID
 b

y
L

C
/M

S/
M

S*
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

pI
11

Su
bc

el
lu

la
r 

L
oc

at
io

n¶
Fu

nc
tio

n#
Pe

pt
id

e**
#

D
IG

E
††

In
de

x
P-

va
lu

e‡‡

Pr
ot

ea
so

m
e 

su
bu

ni
t a

lp
ha

 ty
pe

 7
Q

9Z
2U

0
IP

I0
01

31
40

6
27

85
5

8.
59

C
yt

op
la

sm
/n

uc
le

us
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
3

-1
.6

9
0.

02
7

20
S 

pr
ot

ea
so

m
e 

su
bu

ni
t C

2
Q

9J
H

S5
IP

I0
02

83
86

2
45

81
.4

8.
07

C
yt

op
la

sm
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
2

-1
.5

4
0.

05

U
bi

qu
iti

n-
co

nj
ug

at
in

g 
en

zy
m

e 
E2

-2
5K

P6
10

87
IP

I0
03

22
44

0
22

40
7

5.
33

C
yt

op
la

sm
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
8

-1
.5

1
0.

05

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
1,

 so
lu

bl
e

P0
82

28
IP

I0
01

30
58

9
15

94
3

6.
02

C
yt

op
la

sm
/m

ito
ch

on
dr

ia
re

do
x

9
-1

.5
4

0.
05

Th
io

re
do

xi
n 

re
du

ct
as

e 
2

Q
9J

LT
4

IP
I0

01
24

69
9

56
45

3
8.

72
M

ito
ch

on
dr

ia
re

do
x

2
-1

.5
0.

02
8

B
ili

ve
rd

in
 re

du
ct

as
e 

B
 (N

A
D

PH
)

Q
92

3D
2

IP
I0

01
13

99
6

22
19

7
6.

49
C

yt
op

la
sm

re
do

x
9

-1
.5

3
0.

05

Pe
ro

xi
re

do
xi

n 
1

P3
57

00
IP

I0
01

21
78

8
22

17
7

8.
26

C
yt

op
la

sm
re

do
x

2
-1

.5
4

0.
05

Pe
ro

xi
re

do
xi

n 
4

O
08

80
7

IP
I0

01
16

25
4

31
05

3
6.

67
C

yt
op

la
sm

re
do

x
2

-1
.6

9
0.

05

Pe
ro

xi
re

do
xi

n 
6

O
08

70
9

IP
I0

05
55

05
9

24
87

1
5.

71
C

yt
op

la
sm

/ly
so

so
m

e
re

do
x

6
-1

.5
9

0.
05

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

[N
A

D
P]

cy
to

pl
as

m
ic

O
88

84
4

IP
I0

01
35

23
1

46
66

0
6.

48
C

yt
op

la
sm

re
do

x
4

-4
.4

3

G
lu

ta
re

do
xi

n 
1

Q
9Q

U
H

0
IP

I0
03

31
52

8
11

87
1

8.
68

C
yt

op
la

sm
re

do
x

4
-1

.7
2

G
lu

ta
th

io
ne

 re
du

ct
as

e 
1 

pr
ec

ur
so

r
P4

77
91

IP
I0

01
11

35
9

53
66

3
8.

19
C

yt
op

la
sm

/m
ito

ch
on

dr
ia

re
do

x
2

-1
.5

0.
02

8

A
lp

ha
 e

no
la

se
P1

71
82

IP
I0

04
62

07
2

47
14

1
6.

37
C

yt
op

la
sm

/ m
em

br
an

e
gl

yc
ol

ys
is

3
-2

.0
8

En
ol

as
e 

3,
 b

et
a

P2
15

50
IP

I0
02

28
54

8
47

02
5

6.
73

C
yt

op
la

sm
gl

yc
ol

ys
is

2
1.

56

La
ct

at
e 

de
hy

dr
og

en
as

e 
A

P0
61

51
IP

I0
03

19
99

4
36

49
9

7.
61

C
yt

op
la

sm
gl

yc
ol

ys
is

12
1.

63

Py
ru

va
te

 d
eh

yd
ro

ge
na

se
 (l

ip
oa

m
id

e)
 b

et
a

Q
9D

05
1

IP
I0

01
32

04
2

38
93

7
6.

41
M

ito
ch

on
dr

ia
gl

yc
ol

ys
is

8
-1

.5
0.

00
4

Py
ru

va
te

 d
eh

yd
ro

ge
na

se
 E

1 
al

ph
a 

1
P3

54
86

IP
I0

03
37

89
3

43
23

2
8.

49
M

ito
ch

on
dr

ia
gl

yc
ol

ys
is

2
-2

.6
6

Py
ru

va
te

 k
in

as
e 

M
P5

24
80

IP
I0

04
07

13
0

57
84

5
7.

17
M

ito
ch

on
dr

ia
gl

yc
ol

ys
is

2
-2

.0
8

Tr
io

se
ph

os
ph

at
e 

is
om

er
as

e 
1

P1
77

51
IP

I0
04

67
83

3
26

71
3

6.
90

C
yt

op
la

sm
gl

yc
ol

ys
is

2
-1

.5
3

0.
05

M
al

at
e 

de
hy

dr
og

en
as

e
P1

41
52

IP
I0

03
36

32
4

36
51

1
6.

16
C

yt
op

la
sm

TC
A

 c
yc

le
2

-1
.9

4

D
ih

yd
ro

lip
oa

m
id

e 
de

hy
dr

og
en

as
e

O
08

74
9

IP
I0

08
74

45
6

54
27

2
7.

99
M

ito
ch

on
dr

ia
ox

id
or

ed
uc

ta
se

2
-1

.6
3

N
uc

le
os

id
e-

di
ph

os
ph

at
e 

ki
na

se
Q

5N
C

82
IP

I0
01

27
41

7
17

36
3

6.
97

M
ito

ch
on

dr
ia

ce
ll 

su
rv

iv
al

/a
po

pt
os

is
4

-5
.6

8

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
m

ito
ch

on
dr

ia
l F

1 
co

m
pl

ex
, d

el
ta

 su
bu

ni
t

Q
4F

K
74

IP
I0

04
53

77
7

17
60

0
5.

03
M

ito
ch

on
dr

ia
 (C

om
pl

ex
 V

)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

3
-1

.8
4

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
,

m
ito

ch
on

dr
ia

l F
0 

co
m

pl
ex

, s
ub

un
it 

d
B

1A
SE

1
IP

I0
02

30
50

7
18

74
9

5.
52

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 V
)

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n
2

-1
.5

1
0.

05

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
,

m
ito

ch
on

dr
ia

l F
0 

co
m

pl
ex

, s
ub

un
it 

b
Q

5I
0W

0
IP

I0
03

41
28

2
28

94
9

9.
11

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 V
)

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n
3

-2
.6

6

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
,

m
ito

ch
on

dr
ia

l F
1F

0 
co

m
pl

ex
, s

ub
un

it 
e

Q
5E

B
I8

IP
I0

01
11

77
0

82
36

.5
7.

99
M

ito
ch

on
dr

ia
 (C

om
pl

ex
 V

)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

20
-1

.8
8

0.
01

1

El
ec

tro
n 

tra
ns

fe
rr

in
g 

fla
vo

pr
ot

ei
n,

 a
lp

ha
po

ly
pe

pt
id

e
B

1B
1B

4
IP

I0
01

16
75

3
35

00
9

8.
62

M
ito

ch
on

dr
ia

el
ec

tro
n 

tra
ns

po
rt

2
-1

.7
1

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 25
* Th

e 
C

ID
 sp

ec
tra

 w
er

e 
co

m
pa

re
d 

ag
ai

ns
t t

ho
se

 o
f t

he
 E

M
B

L 
no

nr
ed

un
da

nt
 p

ro
te

in
 d

at
ab

as
e 

by
 u

si
ng

 S
EQ

U
ES

T 
(T

he
rm

oE
le

ct
ro

n,
 S

an
 Jo

se
, C

A
). 

A
fte

r f
ilt

er
in

g 
th

e 
re

su
lts

 b
as

ed
 o

n 
cr

os
s c

or
re

la
tio

n 
X

co
rr

 (c
ut

of
fs

 o
f 2

.0
 fo

r [
M

+ 
H

]1
+,

 2
.5

 fo
r [

M
 +

 2
H

]2
+,

 a
nd

 3
.0

 fo
r [

M
+ 

3H
]3

+)
, p

ep
tid

es
 w

ith
 sc

or
es

 g
re

at
er

 th
an

 3
00

0 
an

d 
m

ee
tin

g 
de

lta
 c

ro
ss

-c
or

re
la

tio
n 

sc
or

es
 (Δ

C
n)

 >
 0

.3
, a

nd
 fr

ag
m

en
t i

on
 n

um
be

rs
 >

 6
0%

 w
er

e 
de

em
ed

 v
al

id
 b

y 
th

es
e 

SE
Q

U
ES

T 
cr

ite
ria

 th
re

sh
ol

ds
, w

hi
ch

 h
av

e 
be

en
 d

et
er

m
in

ed
 to

 a
ff

or
d 

gr
ea

te
r t

ha
n 

95
%

 c
on

fid
en

ce
 le

ve
l

in
 p

ep
tid

e 
id

en
tif

ic
at

io
n.

† Sw
is

sP
ro

t a
cc

es
si

on
 n

um
be

r (
ac

ce
ss

ib
le

 a
t h

ttp
://

ca
.e

xp
as

y.
or

g/
sp

ro
t/)

.

‡ In
te

rn
at

io
na

l P
ro

te
in

 In
de

x 
(I

PI
) (

ac
ce

ss
ib

le
 a

t h
ttp

://
w

w
w

.e
bi

.a
c.

uk
/IP

I/)
.

§ Th
eo

re
tic

al
 m

ol
ec

ul
ar

 m
as

s f
or

 th
e 

pr
im

ar
y 

tra
ns

la
tio

n 
pr

od
uc

t c
al

cu
la

te
d 

fr
om

 p
ro

te
in

 D
N

A
 se

qu
en

ce
s.

11
Th

eo
re

tic
al

 is
oe

le
ct

ric
 p

oi
nt

.

¶ Po
st

ul
at

ed
 su

bc
el

lu
la

r l
oc

at
io

n 
(a

cc
es

si
bl

e 
at

 h
ttp

://
lo

ca
te

.im
b.

ug
.e

du
.a

u)
.

# Po
st

ul
at

ed
 c

el
lu

la
r f

un
ct

io
n 

(a
cc

es
si

bl
e 

at
 h

ttp
://

ca
.e

xp
as

y.
or

g/
sp

ro
t/)

.

**
N

um
be

r o
f d

iff
er

en
t p

ep
tid

es
 id

en
tif

ie
d 

fo
r e

ac
h 

pr
ot

ei
n.

††
Fo

ld
 c

ha
ng

es
 o

f p
ro

te
in

s i
n 

N
-α

-s
yn

 st
im

ul
at

ed
 m

ic
ro

gl
ia

l l
ys

at
es

 v
er

su
s u

ns
tim

ul
at

ed
 m

ic
ro

gl
ia

l l
ys

at
es

. N
eg

at
iv

e 
D

IG
E 

in
de

x 
in

di
ca

te
s d

ec
re

as
ed

 e
xp

re
ss

io
n 

in
 N

-α
-s

yn
 st

im
ul

at
ed

 m
ic

ro
gl

ia
 re

la
tiv

e 
to

 c
on

tro
ls

.

‡‡
P-

va
lu

es
 a

s d
et

er
m

in
ed

 b
y 

B
io

lo
gi

ca
l V

ar
ia

tio
n 

A
na

ly
si

s b
y 

on
e-

w
ay

 A
N

O
V

A
 fo

r p
ai

r-
w

is
e 

co
m

pa
ris

on
 b

et
w

ee
n 

tre
at

m
en

ts
.

J Proteome Res. Author manuscript; available in PMC 2010 July 1.

http://ca.expasy.org/sprot/
http://www.ebi.ac.uk/IPI/
http://locate.imb.ug.edu.au
http://ca.expasy.org/sprot/


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 26
Ta

bl
e 

2
M

od
ul

at
io

n 
of

 th
e 

N
-α

-s
yn

 m
ic

ro
gl

ia
l p

ro
te

om
e 

by
 T

re
g 

pr
et

re
at

m
en

t

L
C

/M
S/

M
S*  P

ro
te

in
 ID

by
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

pI
11

Su
bc

el
lu

la
r 

L
oc

at
io

n¶
Fu

nc
tio

n#
Pe

pt
id

e#*
*

D
IG

E
††

In
de

x
P-

va
lu

e‡‡

V
IP

-r
ec

ep
to

r-
ge

ne
 re

pr
es

so
r p

ro
te

in
O

88
46

1
IP

I0
02

09
66

5
72

97
2

9.
57

N
uc

le
us

tra
ns

cr
ip

tio
n

2
1.

5
0.

00
11

TA
R

 D
N

A
 b

in
di

ng
 p

ro
te

in
Q

92
1F

2
IP

I0
01

21
75

8
44

54
8

6.
26

N
uc

le
us

tra
ns

cr
ip

tio
n

2
1.

52
0.

00
3

M
R

G
-b

in
di

ng
 p

ro
te

in
Q

9D
A

T2
IP

I0
01

19
01

8
23

88
8

4.
87

N
uc

le
us

tra
ns

cr
ip

tio
n

2
-3

.7
9

<0
.0

00
1

U
bi

qu
iti

n 
co

nj
ug

at
in

g 
en

zy
m

e 
E2

N
P6

10
89

IP
I0

01
65

85
4

17
13

8
6.

13
N

uc
le

us
tra

ns
cr

ip
tio

n
3

2.
15

0.
00

76

Eu
ka

ry
ot

ic
 tr

an
sl

at
io

n 
in

iti
at

io
n 

fa
ct

or
 3

,
su

bu
ni

t H
Q

91
W

K
2

IP
I0

01
28

20
2

39
83

2
6.

19
N

uc
le

us
tra

ns
la

tio
n

2
-1

.5
2

0.
00

37

La
m

in
in

 B
2

Q
61

29
2

IP
I0

01
19

06
5

19
63

52
6.

28
Se

cr
et

ed
ce

ll 
m

ot
ili

ty
2

-1
.5

1
0.

00
38

B
et

a 
ac

tin
P6

07
10

IP
I0

01
10

85
0

26
98

33
5.

82
C

yt
os

ke
le

to
n

ce
ll 

m
ot

ili
ty

5
-2

.0
9

0.
00

08

A
lp

ha
-tu

bu
lin

P6
83

69
IP

I0
01

10
75

3
50

13
6

4.
94

C
yt

os
ke

le
to

n
ce

ll 
m

ot
ili

ty
2

-1
.5

1
0.

00
38

M
ic

ro
tu

bu
le

-a
ss

oc
ia

te
d 

pr
ot

ei
n,

 R
P/

EB
fa

m
ily

, m
em

be
r 1

Q
7T

N
34

IP
I0

01
17

89
6

29
88

5
5.

12
C

yt
os

ke
le

to
n

ce
ll 

m
ot

ili
ty

9
1.

5
0.

00
11

C
hl

or
id

e 
in

tra
ce

llu
la

r c
ha

nn
el

 1
Q

9Z
1Q

5
IP

I0
01

30
34

4
27

01
3

5.
09

C
yt

op
la

sm
io

n 
ch

an
ne

l
6

1.
55

0.
00

3

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 c
ha

nn
el

 2
Q

60
93

0
IP

I0
01

22
54

7
31

73
3

7.
44

M
ito

ch
on

dr
ia

io
n 

ch
an

ne
l

3
1.

53
0.

00
5

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 c
ha

nn
el

 1
Q

60
93

2
IP

I0
01

22
54

9
32

35
1

8.
55

M
ito

ch
on

dr
ia

io
n 

ch
an

ne
l

5
1.

88
<0

.0
00

1

V
im

en
tin

P2
01

52
IP

I0
02

27
29

9
53

68
8

5.
06

C
yt

os
ke

le
to

n
st

ab
ili

ze
 c

yt
os

ke
le

to
n

6
-1

.6
3

0.
00

02

C
of

ili
n 

1
P1

87
60

IP
I0

08
90

11
7

18
55

9
8.

22
C

yt
os

ke
le

to
n

ac
tin

 p
ol

ym
er

iz
at

io
n

3
-1

.6
1

0.
00

22

C
of

ili
n 

2
P4

55
91

IP
I0

02
66

18
8

18
71

0
7.

66
C

yt
os

ke
le

to
n

ac
tin

 p
ol

ym
er

iz
at

io
n

2
-1

.5
0.

05

M
ac

ro
ph

ag
e 

ca
pp

in
g 

pr
ot

ei
n 

(C
A

PG
)

P2
44

52
IP

I0
01

36
90

6
39

24
0

6.
73

C
yt

op
la

sm
in

hi
bi

ts
 a

ct
in

 p
ol

ym
er

iz
at

io
n

9
1.

82
0.

03
6

G
ua

ni
ne

 n
uc

le
ot

id
e e

xc
ha

ng
e f

ac
to

r G
EF

T
Q

9C
W

R
0

IP
I0

01
09

43
4

68
26

2
5.

19
C

yt
op

la
sm

ac
tin

 re
or

ga
ni

za
tio

n
4

2.
7

<0
.0

00
1

G
el

so
lin

A
2A

L3
5

IP
I0

01
17

16
7

85
94

2
5.

83
C

yt
os

ke
le

to
n

ap
op

to
si

s a
nd

 in
fla

m
m

at
io

n,
ve

si
cl

e 
tra

ns
po

rt
5

-2
.4

8
0.

00
02

G
al

ec
tin

 3
P1

61
10

IP
I0

01
31

25
9

27
51

5
8.

47
C

yt
op

la
sm

/n
uc

le
us

pr
ot

ei
n 

bi
nd

in
g,

 p
ha

go
cy

to
si

s
26

-1
.6

8
0.

00
16

Ea
rly

 e
nd

os
om

e 
an

tig
en

 1
Q

8B
L6

6
IP

I0
04

53
77

6
16

09
15

5.
99

C
yt

op
la

sm
en

do
so

m
al

 tr
af

fic
ki

ng
8

-2
.4

1
<0

.0
00

1

A
nn

ex
in

 A
1

P1
01

07
IP

I0
02

30
39

5
38

73
4

6.
97

C
yt

op
la

sm
m

em
br

an
e 

fu
si

on
 a

nd
ex

oc
yt

os
is

3
1.

53
0.

00
47

A
nn

ex
in

 A
4

P9
74

29
IP

I0
03

53
72

7
35

99
0

5.
43

C
yt

op
la

sm
m

em
br

an
e 

fu
si

on
 a

nd
ex

oc
yt

os
is

18
1.

5
0.

00
11

N
es

tin
Q

6P
5H

2
IP

I0
04

53
69

2
20

71
24

4.
3

C
yt

op
la

sm
pr

ot
ei

n 
tra

ff
ic

ki
ng

2
1.

51
0.

02
3

cA
M

P-
de

pe
nd

en
t p

ro
te

in
 k

in
as

e
P0

51
32

IP
I0

02
27

90
0

40
57

1
8.

84
C

yt
op

la
sm

pr
ot

ei
n 

tra
ff

ic
ki

ng
5

-1
.5

9
0.

05

N
on

-s
pe

ci
fic

 li
pi

d 
tra

ns
fe

r p
ro

te
in

P3
20

20
IP

I0
01

34
13

1
59

12
6

7.
16

C
yt

op
la

sm
lip

id
 p

ro
te

in
 tr

an
sf

er
3

4.
42

<0
.0

00
1

G
ly

co
lip

id
 tr

an
sf

er
 p

ro
te

in
Q

9J
L6

2
IP

I0
02

29
71

8
23

69
0

6.
9

C
yt

op
la

sm
lip

id
 p

ro
te

in
 tr

an
sf

er
2

1.
55

0.
00

3

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 27

L
C

/M
S/

M
S*  P

ro
te

in
 ID

by
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

pI
11

Su
bc

el
lu

la
r 

L
oc

at
io

n¶
Fu

nc
tio

n#
Pe

pt
id

e#*
*

D
IG

E
††

In
de

x
P-

va
lu

e‡‡

Pe
pt

id
e 

ch
ai

n 
re

le
as

e 
fa

ct
or

 1
Q

8B
W

Y
3

IP
I0

03
12

46
8

49
03

1
5.

51
C

yt
op

la
sm

te
rm

in
at

io
n 

of
 p

ep
tid

e
sy

nt
he

si
s

3
1.

71
0.

03
4

L-
Pl

as
tin

Q
61

23
3

IP
I0

01
18

89
2

70
14

9
5.

2
C

yt
os

ke
le

to
n

ph
ag

oc
yt

os
is

25
2.

1
0.

00
29

Fe
rr

iti
n 

lig
ht

 c
ha

in
 1

P2
93

91
IP

I0
07

62
20

3
20

80
2

5.
66

C
yt

op
la

sm
iro

n 
ho

m
eo

st
as

is
2

1.
51

0.
02

3

Fe
rr

iti
n 

he
av

y 
ch

ai
n

P0
95

28
IP

I0
02

30
14

5
21

06
7

5.
53

C
yt

op
la

sm
iro

n 
ho

m
eo

st
as

is
8

-1
.5

4
0.

00
33

Tr
an

sa
ld

ol
as

e 
1

Q
93

09
2

IP
I0

01
24

69
2

37
38

7
6.

57
C

yt
op

la
sm

m
et

ab
ol

is
m

7
1.

71
0.

03
4

H
yp

ox
an

th
in

e 
gu

an
in

e 
ph

os
ph

or
ib

os
yl

tra
ns

fe
ra

se
 1

P0
04

93
IP

I0
02

84
80

6
24

57
0

6.
21

C
yt

op
la

sm
m

et
ab

ol
is

m
4

2.
33

<0
.0

00
1

St
er

ol
 c

ar
rie

r p
ro

te
in

 2
A

2A
PS

3
IP

I0
01

34
13

1
59

12
6

7.
16

M
ito

ch
on

dr
ia

m
et

ab
ol

is
m

9
4.

42
<0

.0
00

1

A
co

ni
ta

te
 h

yd
ra

ta
se

Q
99

K
I0

IP
I0

01
16

07
4

85
46

4
8.

08
M

ito
ch

on
dr

ia
en

zy
m

e
2

1.
51

0.
02

3

Ly
so

so
m

al
 a

lp
ha

-m
an

no
si

da
se

 p
re

cu
rs

or
O

09
15

9
IP

I0
03

81
30

3
11

46
04

8.
3

Ly
so

so
m

e
ca

ta
bo

lis
m

3
2.

59
<0

.0
00

1

C
on

tra
ps

in
P0

77
59

IP
I0

01
31

83
0

46
88

0
5.

05
Se

cr
et

ed
pr

ot
ea

se
 in

hi
bi

to
r

3
6.

56
<0

.0
00

1

C
al

pa
st

at
in

P5
11

25
IP

I0
04

09
17

6
84

92
2

5.
37

C
yt

op
la

sm
pr

ot
ea

se
 in

hi
bi

to
r

2
-1

.8
6

0.
00

04

C
at

he
ps

in
 B

P1
06

05
IP

I0
01

13
51

7
37

28
0

5.
57

Ly
so

so
m

e
th

io
l p

ro
te

as
e

15
-3

.3
4

<0
.0

00
1

C
at

he
ps

in
 D

P1
82

42
IP

I0
01

11
01

3
44

95
4

6.
71

Ly
so

so
m

e
ac

id
 p

ro
te

as
e

5
-2

.0
9

0.
00

08

C
at

he
ps

in
 Z

Q
9R

1T
3

IP
I0

02
07

66
3

34
19

4
6.

74
C

yt
op

la
sm

/S
ec

re
te

d
pe

pt
id

as
e

2
1.

5
0.

00
11

SD
F2

 li
ke

 p
ro

te
in

 1
Q

9E
SP

1
IP

I0
02

27
65

7
23

64
8.

34
6.

92
ER

st
re

ss
 re

sp
on

se
3

2.
59

0.
00

67

C
al

re
tic

ul
in

P1
42

11
IP

I0
01

23
63

9
47

99
5

4.
33

M
em

br
an

e/
 E

R
ch

ap
er

on
e

20
2.

32
<0

.0
00

1

H
SP

 1
0

Q
64

43
3

IP
I0

02
63

86
3

10
96

2.
7

7.
91

M
ito

ch
on

dr
ia

ch
ap

er
on

e
5

1.
52

0.
00

25

H
SP

 7
0

P6
30

17
IP

I0
03

23
35

7
70

87
1

5.
37

C
yt

op
la

sm
ch

ap
er

on
e

3
1.

59
0.

00
97

H
SP

 9
0

Q
80

Y
52

IP
I0

03
30

80
4

84
78

8
4.

93
C

yt
op

la
sm

ch
ap

er
on

e
2

2.
09

0.
00

04

Pr
ot

ea
so

m
e 

su
bu

ni
t b

et
a 

ty
pe

-2
Q

9R
1P

3
IP

I0
01

28
94

5
22

90
6

6.
52

C
yt

op
la

sm
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
4

2.
59

<0
.0

00
1

Pr
ot

ea
so

m
e (

pr
os

om
e,

 m
ac

ro
pa

in
) s

ub
un

it,
al

ph
a 

ty
pe

 2
P4

97
22

IP
I0

08
90

00
1

25
92

6
8.

39
C

yt
op

la
sm

U
bi

qu
iti

n-
Pr

ot
ea

so
m

e 
sy

st
em

7
6.

56
<0

.0
00

1

U
bi

qu
iti

n 
sp

ec
ifi

c 
pr

ot
ea

se
 1

9
Q

3U
JD

6
IP

I0
04

20
48

3
15

05
49

5.
99

C
yt

op
la

sm
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
2

4.
42

<0
.0

00
1

U
bi

qu
iti

n 
fu

si
on

 d
eg

ra
da

tio
n

P7
03

62
IP

I0
06

56
16

5
34

48
4

6.
97

C
yt

op
la

sm
/ E

R
U

bi
qu

iti
n-

Pr
ot

ea
so

m
e 

sy
st

em
2

1.
52

0.
00

37

Im
m

un
e 

co
st

im
ul

at
or

y 
pr

ot
ei

n 
B

7-
H

4
Q

7T
SP

5
IP

I0
01

69
52

2
30

87
5

5.
69

M
em

br
an

e
im

m
un

e 
re

sp
on

se
2

-1
.5

9
0.

05

In
te

rf
er

on
-a

lp
ha

/b
et

a 
re

ce
pt

or
 a

lp
ha

 c
ha

in
pr

ec
ur

so
r

P3
38

96
IP

I0
01

15
42

0
65

77
7

5.
37

M
em

br
an

e
im

m
un

e 
re

sp
on

se
2

3.
29

<0
.0

00
1

In
te

rf
er

on
-in

du
ce

d 
G

TP
-b

in
di

ng
 p

ro
te

in
Q

01
51

4
IP

I0
01

24
67

5
67

71
2

5.
41

M
em

br
an

e
im

m
un

e 
re

sp
on

se
2

-1
.8

3
0.

00
11

Pe
ro

xi
re

do
xi

n 
1

P3
57

00
IP

I0
01

21
78

8
22

17
7

8.
26

C
yt

op
la

sm
re

do
x

7
2.

59
<0

.0
00

1

Pe
ro

xi
re

do
xi

n 
3

Q
9Z

0V
6

IP
I0

02
08

21
5

28
29

5
7.

14
M

ito
ch

on
dr

ia
re

do
x

7
2.

7
<0

.0
00

1

Pe
ro

xi
re

do
xi

n 
4

O
08

80
7

IP
I0

01
16

25
4

31
05

3
6.

67
C

yt
op

la
sm

re
do

x
8

2.
33

<0
.0

00
1

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 28

L
C

/M
S/

M
S*  P

ro
te

in
 ID

by
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

pI
11

Su
bc

el
lu

la
r 

L
oc

at
io

n¶
Fu

nc
tio

n#
Pe

pt
id

e#*
*

D
IG

E
††

In
de

x
P-

va
lu

e‡‡

Pe
ro

xi
re

do
xi

n 
5

P9
90

29
IP

I0
01

29
51

7
21

89
7

9.
1

M
ito

ch
on

dr
ia

re
do

x
3

2.
43

<0
.0

00
1

Pe
ro

xi
re

do
xi

n 
6

O
08

70
9

IP
I0

05
55

05
9

24
87

1
5.

71
C

yt
op

la
sm

/ly
so

so
m

e
re

do
x

4
1.

7
0.

05

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
1 

[C
u-

Zn
]

P0
82

28
IP

I0
01

30
58

9
15

94
3

6.
02

C
yt

op
la

sm
/m

ito
ch

on
dr

ia
re

do
x

2
1.

6
0.

05

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
2 

[M
n]

P0
96

71
IP

I0
01

09
10

9
24

60
3

8.
8

M
ito

ch
on

dr
ia

re
do

x
2

1.
71

<0
.0

00
1

G
lu

ta
re

do
xi

n 
1

Q
9Q

U
H

0
IP

I0
03

31
52

8
11

87
1

8.
68

C
yt

op
la

sm
re

do
x

2
1.

82
<0

.0
00

1

B
ili

ve
rd

in
 re

du
ct

as
e 

B
 (N

A
D

PH
)

Q
92

3D
2

IP
I0

01
13

99
6

22
19

7
6.

49
C

yt
op

la
sm

re
do

x
13

6.
56

<0
.0

00
1

O
xi

da
tio

n 
re

si
st

an
ce

 1
Q

4K
M

M
3

IP
I0

02
77

55
2

83
01

6
4.

9
M

ito
ch

on
dr

ia
re

do
x

2
1.

51
0.

05

Th
io

re
do

xi
n 

1
P1

06
39

IP
I0

02
26

99
3

11
67

5
4.

8
M

ito
ch

on
dr

ia
re

do
x

3
3.

36
<0

.0
00

1

C
at

al
as

e
P2

42
70

IP
I0

03
12

05
8

59
76

5
7.

72
M

ito
ch

on
dr

ia
re

do
x

2
2.

13
0.

01
4

Pr
oh

ib
iti

n
P6

77
78

IP
I0

01
33

44
0

29
82

0
5.

57
M

ito
ch

on
dr

ia
re

sp
ira

tio
n 

ac
tiv

ity
2

2.
7

<0
.0

00
1

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 F

e-
S

pr
ot

ei
n-

2
Q

92
3F

9
IP

I0
02

29
00

8
18

51
8

9.
9

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 I)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

3
2.

94
0.

00
12

M
ito

ch
on

dr
ia

l A
TP

 sy
nt

ha
se

, O
 su

bu
ni

t
Q

9D
B

20
IP

I0
01

18
98

6
23

36
4

10
M

ito
ch

on
dr

ia
 (C

om
pl

ex
 V

)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

3
2.

59
0.

00
67

H
(+

)-
A

TP
 sy

nt
ha

se
 su

bu
ni

t e
P5

63
82

IP
I0

02
30

24
1

58
38

10
.0

1
M

ito
ch

on
dr

ia
 (C

om
pl

ex
 V

)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

2
1.

52
0.

00
25

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
,

m
ito

ch
on

dr
ia

l F
1F

0 
co

m
pl

ex
, s

ub
un

it 
e

Q
5E

B
I8

IP
I0

01
11

77
0

82
37

7.
99

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 V
)

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n
4

1.
52

0.
00

25

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
,

m
ito

ch
on

dr
ia

l F
0 

co
m

pl
ex

, s
ub

un
it 

d
B

1A
SE

1
IP

I0
02

30
50

7
18

74
9

5.
52

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 V
)

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n
21

-1
.8

3
0.

00
11

C
yt

oc
hr

om
e 

c 
ox

id
as

e,
 su

bu
ni

t V
a

P1
27

87
IP

I0
01

20
71

9
16

10
1

6.
08

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 IV
)

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n
4

2.
65

0.
01

4

C
yt

oc
hr

om
e 

c 
ox

id
as

e,
 su

bu
ni

t V
Ib

po
ly

pe
pt

id
e 

1
P5

63
91

IP
I0

02
25

39
0

10
07

1
8.

96
M

ito
ch

on
dr

ia
 (C

om
pl

ex
 IV

)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

2
2

0.
00

12

* Th
e 

C
ID

 sp
ec

tra
 w

er
e 

co
m

pa
re

d 
ag

ai
ns

t t
ho

se
 o

f t
he

 E
M

B
L 

no
nr

ed
un

da
nt

 p
ro

te
in

 d
at

ab
as

e 
by

 u
si

ng
 S

EQ
U

ES
T 

(T
he

rm
oE

le
ct

ro
n,

 S
an

 Jo
se

, C
A

). 
A

fte
r f

ilt
er

in
g 

th
e 

re
su

lts
 b

as
ed

 o
n 

cr
os

s c
or

re
la

tio
n 

X
co

rr
 (c

ut
of

fs
 o

f 2
.0

 fo
r [

M
+ 

H
]1

+,
 2

.5
 fo

r [
M

 +
 2

H
]2

+,
 a

nd
 3

.0
 fo

r [
M

+ 
3H

]3
+)

, p
ep

tid
es

 w
ith

 sc
or

es
 g

re
at

er
 th

an
 3

00
0 

an
d 

m
ee

tin
g 

de
lta

 c
ro

ss
-c

or
re

la
tio

n 
sc

or
es

 (Δ
C

n)
 >

 0
.3

, a
nd

 fr
ag

m
en

t i
on

 n
um

be
rs

 >
 6

0%
 w

er
e 

de
em

ed
 v

al
id

 b
y 

th
es

e 
SE

Q
U

ES
T 

cr
ite

ria
 th

re
sh

ol
ds

, w
hi

ch
 h

av
e 

be
en

 d
et

er
m

in
ed

 to
 a

ff
or

d 
gr

ea
te

r t
ha

n 
95

%
 c

on
fid

en
ce

 le
ve

l
in

 p
ep

tid
e 

id
en

tif
ic

at
io

n.

† Sw
is

sP
ro

t a
cc

es
si

on
 n

um
be

r (
ac

ce
ss

ib
le

 a
t h

ttp
://

ca
.e

xp
as

y.
or

g/
sp

ro
t/)

.

‡ In
te

rn
at

io
na

l P
ro

te
in

 In
de

x 
(I

PI
) (

ac
ce

ss
ib

le
 a

t h
ttp

://
w

w
w

.e
bi

.a
c.

uk
/IP

I/)
.

§ Th
eo

re
tic

al
 m

ol
ec

ul
ar

 m
as

s f
or

 th
e 

pr
im

ar
y 

tra
ns

la
tio

n 
pr

od
uc

t c
al

cu
la

te
d 

fr
om

 p
ro

te
in

 D
N

A
 se

qu
en

ce
s.

11
Th

eo
re

tic
al

 is
oe

le
ct

ric
 p

oi
nt

.

¶ Po
st

ul
at

ed
 su

bc
el

lu
la

r l
oc

at
io

n 
(a

cc
es

si
bl

e 
at

 h
ttp

://
lo

ca
te

.im
b.

ug
.e

du
.a

u)
.

# Po
st

ul
at

ed
 c

el
lu

la
r f

un
ct

io
n 

(a
cc

es
si

bl
e 

at
 h

ttp
://

ca
.e

xp
as

y.
or

g/
sp

ro
t/)

.

J Proteome Res. Author manuscript; available in PMC 2010 July 1.

http://ca.expasy.org/sprot/
http://www.ebi.ac.uk/IPI/
http://locate.imb.ug.edu.au
http://ca.expasy.org/sprot/


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 29
**

N
um

be
r o

f d
iff

er
en

t p
ep

tid
es

 id
en

tif
ie

d 
fo

r e
ac

h 
pr

ot
ei

n.

††
Fo

ld
 c

ha
ng

es
 o

f p
ro

te
in

s i
n 

Tr
eg

 p
re

-tr
ea

te
d 

m
ic

ro
gl

ia
 v

er
su

s N
-α

-s
yn

 a
lo

ne
 st

im
ul

at
ed

 m
ic

ro
gl

ia
l l

ys
at

es
. N

eg
at

iv
e 

D
IG

E 
in

de
x 

in
di

ca
te

s d
ec

re
as

ed
 e

xp
re

ss
io

n 
in

 N
-α

-s
yn

 st
im

ul
at

ed
 m

ic
ro

gl
ia

 re
la

tiv
e 

to
 c

on
tro

ls
.

‡‡
P-

va
lu

es
 a

s d
et

er
m

in
ed

 b
y 

B
io

lo
gi

ca
l V

ar
ia

tio
n 

A
na

ly
si

s b
y 

on
e-

w
ay

 A
N

O
V

A
 fo

r p
ai

r-
w

is
e 

co
m

pa
ris

on
 b

et
w

ee
n 

tre
at

m
en

ts
.

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 30
Ta

bl
e 

3
M

od
ul

at
io

n 
of

 th
e 

N
-α

-s
yn

 m
ic

ro
gl

ia
l p

ro
te

om
e 

by
 T

re
g 

po
st

-tr
ea

tm
en

t

L
C

/M
S/

M
S*  P

ro
te

in
 ID

by
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

p11
Su

bc
el

lu
la

r 
L

oc
at

io
n¶

Fu
nc

tio
n#

Pe
pt

id
e#*

*
D

IG
E

††
In

de
x

P-
va

lu
e‡‡

H
is

to
ne

 H
4

P6
28

06
IP

I0
04

07
33

9
11

36
7

11
.2

1
N

uc
le

us
nu

cl
eo

so
m

e 
co

m
po

ne
nt

3
-1

.5
6

0.
02

1

H
is

to
ne

 H
2B

Q
64

47
5

IP
I0

05
54

85
3

13
59

2
10

.3
1

N
uc

le
us

nu
cl

eo
so

m
e 

co
m

po
ne

nt
2

-2
.2

8

H
et

er
og

en
eo

us
 n

uc
le

ar
rib

on
uc

le
op

ro
te

in
 A

3 
(h

nR
N

P 
A

3)
Q

8B
G

05
IP

I0
02

69
66

1
39

65
2

8.
46

N
uc

le
us

cy
to

pl
as

m
ic

 tr
af

fic
ki

ng
 o

f R
N

A
5

-1
.6

2

G
TP

-b
in

di
ng

 n
uc

le
ar

 p
ro

te
in

 R
an

P6
28

27
IP

I0
01

34
62

1
24

42
3

7.
19

N
uc

le
us

/C
yt

op
la

sm
G

TP
as

e 
ac

tiv
ity

5
1.

35
0.

03
3

R
ho

 G
TP

as
e-

ac
tiv

at
in

g 
pr

ot
ei

n 
1

Q
5F

W
K

3
IP

I0
04

04
97

0
50

41
1

5.
97

M
em

br
an

e
G

TP
as

e 
ac

tiv
ity

2
-1

.7
5

0.
05

R
ho

 G
D

P-
di

ss
oc

ia
tio

n 
in

hi
bi

to
r

Q
99

PT
1

IP
I0

03
22

31
2

23
40

7
5.

12
C

yt
op

la
sm

G
TP

as
e 

ac
tiv

ity
2

1.
48

0.
04

6

G
ua

ni
ne

 n
uc

le
ot

id
e-

bi
nd

in
g 

pr
ot

ei
n

su
bu

ni
t b

et
a-

2
P6

28
80

IP
I0

01
62

78
0

37
33

1
7.

06
M

em
br

an
e

si
gn

al
in

g
14

1.
32

0.
01

8

St
at

hm
in

P5
42

27
IP

I0
05

51
23

6
17

27
4

5.
77

C
yt

op
la

sm
ce

ll 
m

ot
ili

ty
3

1.
52

0.
00

24

B
et

a-
ac

tin
P6

07
10

IP
I0

01
10

85
0

41
73

7
5.

78
C

yt
op

la
sm

ce
ll 

m
ot

ili
ty

7
1.

53
0.

01
5

G
am

m
a-

ac
tin

P6
32

60
IP

I0
08

74
48

2
41

79
3

5.
56

C
yt

op
la

sm
/C

yt
os

ke
le

to
n

ce
ll 

m
ot

ili
ty

9
1.

54

C
of

ili
n-

1
P1

87
60

IP
I0

08
90

11
7

18
56

0
8.

22
C

yt
op

la
sm

ac
tin

 p
ol

ym
er

iz
at

io
n

2
1.

63
0.

00
65

B
ra

in
 a

ci
d 

so
lu

bl
e 

pr
ot

ei
n 

1
Q

91
X

V
3

IP
I0

01
29

51
9

22
08

7
4.

5
M

em
br

an
e

nu
rit

e 
ou

tg
ro

w
th

9
1.

55

G
el

so
lin

A
2A

L3
5

IP
I0

01
17

16
7

85
94

2
5.

83
C

yt
os

ke
le

to
n

ap
op

to
si

s a
nd

 in
fla

m
m

at
io

n,
ve

si
cl

e 
tra

ns
po

rt
7

1.
73

0.
00

4

G
al

ec
tin

-3
P1

61
10

IP
I0

01
31

25
9

27
51

5
8.

5
N

uc
le

us
pr

ot
ei

n 
bi

nd
in

g,
 p

ha
go

cy
to

si
s

7
1.

65
0.

06
7

C
yc

lo
ph

ili
n 

A
P1

77
42

IP
I0

05
54

98
9

17
97

1
7.

74
C

yt
op

la
sm

pr
ot

ei
n 

fo
ld

in
g

6
1.

48
0.

05

Pr
ot

ei
n 

di
su

lfi
de

 is
om

er
as

e
Q

8B
X

Z1
IP

I0
04

53
79

8
51

84
8

5.
02

ER
pr

ot
ei

n 
fo

ld
in

g
18

-1
.5

3

L-
Pl

as
tin

Q
61

23
3

IP
I0

01
18

89
2

70
14

9
5.

21
C

yt
op

la
sm

Ph
ag

oc
yt

os
is

17
-1

.5
3

Fe
rr

iti
n 

he
av

y 
ch

ai
n

P0
95

28
IP

I0
02

30
14

5
21

06
7

5.
53

C
yt

op
la

sm
iro

n 
ho

m
eo

st
as

is
2

1.
50

0.
00

72

Fe
rr

iti
n 

Li
gh

t C
ha

in
 1

P2
93

91
IP

I0
07

62
20

3
20

80
2

5.
66

C
yt

op
la

sm
iro

n 
ho

m
eo

st
as

is
2

1.
5

0.
00

72

Le
up

ax
in

Q
8R

35
5

IP
I0

03
87

51
5

43
46

0
5.

88
C

yt
op

la
sm

zi
nc

 io
n 

bi
nd

in
g

2
1.

4
0.

00
21

A
ld

ol
as

e 
I

P0
50

64
IP

I0
02

21
40

2
39

35
6

8.
31

C
yt

op
la

sm
m

et
ab

ol
is

m
4

-2
.1

6

A
ld

eh
yd

e 
de

hy
dr

og
en

as
e 

2
Q

3T
V

M
2

IP
I0

01
11

21
8

56
59

6
7.

03
M

ito
ch

on
dr

ia
m

et
ab

ol
is

m
4

-1
.7

5
0.

05

Ph
os

ph
og

ly
ce

ra
te

 m
ut

as
e 

1
Q

9D
B

J1
IP

I0
04

57
89

8
28

83
2

6.
75

C
yt

op
la

sm
m

et
ab

ol
is

m
8

1.
37

0.
04

4

Tr
an

sm
em

br
an

e 
gl

yc
op

ro
te

in
 N

M
B

(D
en

dr
iti

c 
ce

ll-
as

so
ci

at
ed

tra
ns

m
em

br
an

e 
pr

ot
ei

n)

Q
99

P9
1

IP
I0

03
11

80
8

63
67

5
7.

88
M

em
br

an
e

en
zy

m
e

2
-3

.5
0

0.
00

89

A
lp

ha
-e

no
la

se
P1

71
82

IP
I0

04
62

07
2

47
14

1
6.

36
C

yt
op

la
sm

en
zy

m
e

9
1.

40
0.

00
21

B
et

a 
en

ol
as

e
P2

15
50

IP
I0

02
28

54
8

47
02

5
6.

73
C

yt
op

la
sm

en
zy

m
e

3
1.

4
0.

00
21

J Proteome Res. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 31

L
C

/M
S/

M
S*  P

ro
te

in
 ID

by
Sw

is
sP

ro
t†

IP
I‡

M
.w

t.§
(D

A
)

p11
Su

bc
el

lu
la

r 
L

oc
at

io
n¶

Fu
nc

tio
n#

Pe
pt

id
e#*

*
D

IG
E

††
In

de
x

P-
va

lu
e‡‡

S-
fo

rm
yl

gl
ut

at
hi

on
e 

hy
dr

ol
as

e
Q

9R
0P

3
IP

I0
01

09
14

2
31

32
0

6.
70

C
yt

op
la

sm
en

zy
m

e
5

1.
49

0.
00

68

Pe
pt

id
yl

pr
ol

yl
 is

om
er

as
e 

A
Q

8C
EC

6
IP

I0
02

29
02

5
73

43
1

6.
58

C
yt

op
la

sm
en

zy
m

e
6

1.
48

0.
05

M
al

at
e 

de
hy

dr
og

en
as

e,
 c

yt
os

ol
ic

P1
41

52
IP

I0
03

36
32

4
36

51
1

6.
16

C
yt

op
la

sm
en

zy
m

e
2

1.
49

0.
00

68

N
uc

le
os

id
e 

di
ph

os
ph

at
e 

ki
na

se
Q

9W
V

84
IP

I0
01

25
44

8
20

54
9

9.
21

M
ito

ch
on

dr
ia

en
zy

m
e

5
1.

48
0.

05

Ph
os

ph
og

ly
ce

ra
te

 k
in

as
e 

1
P0

94
11

IP
I0

05
55

06
9

44
54

0
8.

02
C

yt
op

la
sm

en
zy

m
e

3
1.

63
0.

00
65

A
de

ny
lo

su
cc

in
at

e 
sy

nt
ha

se
P2

86
50

IP
I0

01
23

19
0

50
25

4
8.

57
C

yt
op

la
sm

/M
em

br
an

e
en

zy
m

e
2

-1
.7

4

C
at

he
ps

in
 B

 p
re

cu
rs

or
P1

06
05

IP
I0

01
13

51
7

37
28

0
5.

57
Ly

so
so

m
e

th
io

l p
ro

te
as

e
7

1.
6

0.
02

2

C
at

he
ps

in
 D

 p
re

cu
rs

or
P1

82
42

IP
I0

01
11

01
3

44
95

4
6.

71
Ly

so
so

m
e

ac
id

 p
ro

te
as

e
2

1.
63

0.
00

65

V
ac

uo
la

r p
ro

to
n 

pu
m

p 
su

bu
ni

t E
 1

P5
05

18
IP

I0
01

19
11

5
26

15
7

8.
44

C
yt

op
la

sm
pr

ot
on

 p
um

p 
fo

r a
ci

di
fic

at
io

n 
of

in
tra

ce
llu

la
r c

om
pa

rtm
en

ts
8

-2
.0

8

B
et

a-
N

-a
ce

ty
lh

ex
os

am
in

id
as

e
P2

94
16

IP
I0

01
25

52
2

60
59

9
6.

09
Ly

so
so

m
e

pr
ot

ei
n 

de
gr

ad
at

io
n

2
-1

.7
5

0.
05

Pe
ro

xi
re

do
xi

n-
1

P3
57

00
IP

I0
01

21
78

8
22

17
6

8.
26

C
yt

op
la

sm
re

do
x

6
1.

38
0.

02
2

Pe
ro

xi
re

do
xi

n-
5

P9
90

29
IP

I0
01

29
51

7
21

89
7

9.
1

M
ito

ch
on

dr
ia

/C
yt

op
la

sm
re

do
x

6
1.

46
0.

00
3

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
[C

u-
Zn

]
P0

82
28

IP
I0

01
30

58
9

15
94

3
6.

03
C

yt
op

la
sm

re
do

x
4

1.
51

0.
04

8

V
at

1
Q

62
46

5
IP

I0
01

26
07

2
43

09
7

5.
95

M
em

br
an

e
re

do
x

15
1.

4
0.

00
21

H
+ 

tra
ns

po
rti

ng
 tw

o-
se

ct
or

 A
TP

as
e

al
ph

a 
ch

ai
n

Q
03

26
5

IP
I0

01
30

28
0

59
75

3
9.

22
M

ito
ch

on
dr

ia
 (C

om
pl

ex
 V

)
ox

id
at

iv
e 

ph
os

ph
or

yl
at

io
n

18
-1

.7
5

0.
04

8

A
TP

 sy
nt

ha
se

 D
 c

ha
in

,
m

ito
ch

on
dr

ia
l

Q
9D

C
X

2
IP

I0
02

30
50

7
18

25
0

5.
52

M
ito

ch
on

dr
ia

 (C
om

pl
ex

 V
)

ox
id

at
iv

e 
ph

os
ph

or
yl

at
io

n
2

1.
5

0.
00

72

Tr
an

sl
at

io
n 

el
on

ga
tio

n 
fa

ct
or

 1
Q

9D
1M

4
IP

I0
01

33
92

8
19

85
9

8.
6

N
uc

le
us

/C
yt

op
la

sm
D

N
A

 d
am

ag
e 

re
sp

on
se

2
-1

.7
4

A
po

pt
os

is
-a

ss
oc

ia
te

d 
sp

ec
k-

lik
e

pr
ot

ei
n 

co
nt

ai
ni

ng
 a

 C
A

R
D

Q
9E

PB
4

IP
I0

01
09

70
9

21
45

9
5.

03
C

yt
op

la
sm

ca
sp

as
e-

m
ed

ia
te

d 
ap

op
to

si
s

5
1.

51

* Th
e 

C
ID

 sp
ec

tra
 w

er
e 

co
m

pa
re

d 
ag

ai
ns

t t
ho

se
 o

f t
he

 E
M

B
L 

no
nr

ed
un

da
nt

 p
ro

te
in

 d
at

ab
as

e 
by

 u
si

ng
 S

EQ
U

ES
T 

(T
he

rm
oE

le
ct

ro
n,

 S
an

 Jo
se

, C
A

). 
A

fte
r f

ilt
er

in
g 

th
e 

re
su

lts
 b

as
ed

 o
n 

cr
os

s c
or

re
la

tio
n 

X
co

rr
 (c

ut
of

fs
 o

f 2
.0

 fo
r [

M
+ 

H
]1

+,
 2

.5
 fo

r [
M

 +
 2

H
]2

+,
 a

nd
 3

.0
 fo

r [
M

+ 
3H

]3
+)

, p
ep

tid
es

 w
ith

 sc
or

es
 g

re
at

er
 th

an
 3

00
0 

an
d 

m
ee

tin
g 

de
lta

 c
ro

ss
-c

or
re

la
tio

n 
sc

or
es

 (Δ
C

n)
 >

 0
.3

, a
nd

 fr
ag

m
en

t i
on

 n
um

be
rs

 >
 6

0%
 w

er
e 

de
em

ed
 v

al
id

 b
y 

th
es

e 
SE

Q
U

ES
T 

cr
ite

ria
 th

re
sh

ol
ds

, w
hi

ch
 h

av
e 

be
en

 d
et

er
m

in
ed

 to
 a

ff
or

d 
gr

ea
te

r t
ha

n 
95

%
 c

on
fid

en
ce

 le
ve

l
in

 p
ep

tid
e 

id
en

tif
ic

at
io

n.

† Sw
is

sP
ro

t a
cc

es
si

on
 n

um
be

r (
ac

ce
ss

ib
le

 a
t h

ttp
://

ca
.e

xp
as

y.
or

g/
sp

ro
t/)

.

‡ In
te

rn
at

io
na

l P
ro

te
in

 In
de

x 
(I

PI
) (

ac
ce

ss
ib

le
 a

t h
ttp

://
w

w
w

.e
bi

.a
c.

uk
/IP

I/)
.

§ Th
eo

re
tic

al
 m

ol
ec

ul
ar

 m
as

s f
or

 th
e 

pr
im

ar
y 

tra
ns

la
tio

n 
pr

od
uc

t c
al

cu
la

te
d 

fr
om

 p
ro

te
in

 D
N

A
 se

qu
en

ce
s.

11
Th

eo
re

tic
al

 is
oe

le
ct

ric
 p

oi
nt

.

¶ Po
st

ul
at

ed
 su

bc
el

lu
la

r l
oc

at
io

n 
(a

cc
es

si
bl

e 
at

 h
ttp

://
lo

ca
te

.im
b.

ug
.e

du
.a

u)
.

J Proteome Res. Author manuscript; available in PMC 2010 July 1.

http://ca.expasy.org/sprot/
http://www.ebi.ac.uk/IPI/
http://locate.imb.ug.edu.au


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reynolds et al. Page 32
# Po

st
ul

at
ed

 c
el

lu
la

r f
un

ct
io

n 
(a

cc
es

si
bl

e 
at

 h
ttp

://
ca

.e
xp

as
y.

or
g/

sp
ro

t/)
.

**
N

um
be

r o
f d

iff
er

en
t p

ep
tid

es
 id

en
tif

ie
d 

fo
r e

ac
h 

pr
ot

ei
n.

††
Fo

ld
 c

ha
ng

es
 o

f p
ro

te
in

s i
n 

Tr
eg

-p
os

t-t
re

at
ed

 m
ic

ro
gl

ia
 v

er
su

s N
-α

-s
yn

 a
lo

ne
 st

im
ul

at
ed

 m
ic

ro
gl

ia
l l

ys
at

es
. N

eg
at

iv
e 

D
IG

E 
in

de
x 

in
di

ca
te

s d
ec

re
as

ed
 e

xp
re

ss
io

n 
in

 N
-α

-s
yn

 st
im

ul
at

ed
 m

ic
ro

gl
ia

 re
la

tiv
e 

to
 c

on
tro

ls
.

‡‡
P-

va
lu

es
 a

s d
et

er
m

in
ed

 b
y 

B
io

lo
gi

ca
l V

ar
ia

tio
n 

A
na

ly
si

s b
y 

on
e-

w
ay

 A
N

O
V

A
 fo

r p
ai

r-
w

is
e 

co
m

pa
ris

on
 b

et
w

ee
n 

tre
at

m
en

ts
.

J Proteome Res. Author manuscript; available in PMC 2010 July 1.

http://ca.expasy.org/sprot/

