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Abstract Proteomics has helped us to understand physiological functioning as
well as pathological condition. Mesial temporal lobe epilepsy (MTLE), the most
common type of focal epilepsy in humans, is frequently associated with hippocam-
pal cell loss, cognitive deficit, and resistance to antiseizure medications (ASM). A
major challenge in designing new treatments to control seizures or epileptogenesis
is the sequence of events involved in the development of an epileptic focus.
Neuroproteomics emerges as a powerful tool for the assessment of protein biomark-
ers in neurodegenerative diseases, including MTLE. In this chapter, we present the
main techniques used in proteomics studies to determine differential expression of
proteins in brain tissue or other biological samples from patients and experimental
models of epilepsy. Data obtained with proteomics are very useful to understand the
pathophysiology of MTLE and, in the future, may assist in finding target proteins
for new therapies.
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15.1 Introduction

Proteomics is a science or method developed to study the proteome. Proteome is a
term used to refer to the amount of protein expressed in a cell or tissue of an organ-
ism. While the genome reflects the sum of genes, the proteome does not exhibit a
fixed number of proteins. These vary according to the state of development, the
tissue type, and the physiological conditions. A proteome, nevertheless, remains a
direct product of a genome. The number of proteins in a proteome can exceed the
number of genes as protein products expressed by alternative splicing or with dif-
ferent post-translational modifications are observed as separate molecules on a
two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) (Wilkins
et al., 1995).

Proteomics allows us to find proteins changed by a cell, tissue, or organism’s
response to internal states, external stimulations, or developmental changes, and to
profile any differential protein expression (Mus-Veteau, 2002; Wang et al., 2010).
Proteomics not only measures the amount of a given protein but also whether there
are any modifications of a protein as phosphorylation, ubiqutination, palmitoylation,
oxidation, and other post-translational modifications (PTMs) (Alzate, 2010).
Proteomics is a multidisciplinary method that is based on principles of biochemical,
biophysical, and bioinformatics to allow the distinguishing of healthy and diseased
cellular processes at the protein level. Aslam et al. (2017) highlighted some aspects
of a target organism’s proteome that can be assessed by proteomics, for example,
protein identification, protein quantification, protein localization, post-translational
modifications, functional proteomics, structural proteomics, and protein-protein
interactions.

Currently, the proteomics technique has been applied in the investigation of bio-
markers associated with disease (Liu et al., 2010). However, proteomics technology
is not only applicable to study health or disease but also in agronomy researchers
(i.e., corn, sugarcane, rice, wheat, etc.) or organisms with economic impact (i.e.,
Rhizhobium spp., which set nitrogen to legumes, or Xanthomonas spp., that cause
diseases in bean or citrus cultivation) (Di Ciero & Bellato, 2003).

Proteomics technology applied to understanding the nervous system is called
“neuroproteomics” or “neuromics”’. The neuroproteomics enables to study pro-
teome of brain fragments or single cell, in cultures or isolated, and this is important
to determine the dynamics of subproteome under different conditions (i.e., oxida-
tive stress, drugs, etc.). In a global analysis, complementary studies could contribute
to the understanding of complex biological networks that include protein interac-
tions, complexity of signal and metabolic pathways that can be applied to select
potential targets for specific drug therapy, and to the development of diagnosis or
prognosis for neurological disorders (Liu et al., 2010).
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15.1.1 Techniques Used in Proteomics

In a broad view, the techniques applied to proteomic analysis can be classified as
follows: I — Low-throughput analysis, which includes: (A) Antibody-based meth-
ods, ex. ELISA (enzyme-linked immunosorbent assay) and Western blot. These
methods rely on the availability of antibodies targeted toward specific proteins or
epitopes to identify proteins and quantify their expression levels. (B) Gel-based
proteomics, the two-dimensional polyacrylamide gel electrophoresis (2D-PAGE or
2DE), the first proteomics technique developed. This technique uses an electric cur-
rent to separate proteins differing in their isoelectric point in a gel (first dimension)
and mass (second dimension). Differential gel electrophoresis (DIGE) is a modified
form of 2DE that uses different fluorescent dyes to allow the simultaneous compari-
son of two to three protein samples on the same gel. These gel-based methods are
used to separate proteins before further analysis by, e.g., mass spectrometry (MS),
as well as for relative expression profiling. C) Chromatography-based methods: can
be used to separate and purify proteins from complex biological mixtures such as
cell lysates. For example, ion-exchange chromatography, size exclusion chromatog-
raphy, and affinity chromatography. These methods can be used to purify and iden-
tify proteins of interest, as well as to prepare proteins for further analysis (Aslam
etal., 2017).

2 — High-throughput analysis, including: (A) Analytical, functional, and reverse
phase microarrays. Protein microarrays apply small amounts of lysed samples to a
“chip” where antibodies can be immobilized and used to capture target proteins in a
complex sample. This is termed an analytical protein microarray. Functional protein
microarrays are used to characterize protein functions such as protein—RNA interac-
tions and enzyme-substrate turnover. The protein arrays provide a “map” of the
activated signaling network by the quantitative analysis of the phosphorylated, or
activated, state of cell signaling proteins. Reverse-phase protein microarrays have
been developed to generate a functional “map” of the cell signaling networks based
directly on cellular analysis of tissue samples (Fig. 15.1). In a reverse-phase protein
microarray, proteins from, e.g., healthy vs. diseased tissues or untreated vs. treated
cells are bound to the chip, and the chip is then probed with antibodies against the
target proteins (Aslam et al., 2017; Chandramouli & Qian, 2009).

(B) Mass-spectrometry-based proteomics. Gel-free methods for separating pro-
teins would include isotope-coded affinity tag (ICAT), stable isotope labeling with
amino acids in cell culture (SILAC) and isobaric tags for relative and absolute quan-
titation (iITRAQ). These techniques allow either quantitation or comparative/differ-
ential proteomics. Besides that, a less quantitative technique called multidimensional
protein identification technology (MudPIT) can also be used. Other gel-free chro-
matographic techniques for protein separation include gas chromatography (GC)
and liquid chromatography (LC).

The low-throughput gel-based proteomic analysis has four basic stages: extrac-
tion, purification, separation, and identification of proteins. The 2D-PAGE allows
the separation of hundreds to thousands of proteins in a single experiment (Van den
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Fig. 15.1 Forward phase microarray (a) and reverse phase protein microarray (b). The forward
phase microarray consists of the immobilization of antibodies on a solid surface of a chip, to cap-
ture proteins of interest, allowing direct comparison of different samples. In reverse-phase micro-
array proteins are immobilized on the chip surface, and the chip is probed with the antibodies.
Reverse-phase array requires only one well-performing analyte detection reagent

Bergh & Arckens, 2005; Kim et al., 2007) and mass spectrometry (MS) to detect
either digested peptides or intact proteins (Li & Smit, 2008; Zetterberg et al., 2008).
MS requires peptides or proteins to be studied as ions in the gas phase matrix-
assisted laser desorption/ionization (MALDI) and electro-spray ionization (ESI) are
most used for this purpose.

There are five types of mass analyzers commonly used for proteomics research,
and they vary in their physical principles and analytical performance (see Liu et al.,
2010). MALDI-TOF (time-of-flight, TOF) is generally used in proteomics studies
to identify the protein from in-gel digestion of gel-separated protein bands by pep-
tide mass fingerprinting due to its excellent mass accuracy, resolution, and sensitiv-
ity (Pappin et al., 1993). Nowadays, it is possible to conduct a study of proteomics
analysis without the need for two-dimensional electrophoresis. Different methods
enable the analysis without 2-DE gels, one being accomplished by methodology
2D-LC-MS, in which the proteins are labeled with a probe, trypsinized, and then
analyzed by LC-MS, which makes the simple and reproducible method, but it is
more expensive.

Other protein identification methods, like amino acid composition analysis,
N-terminal sequencing, or immunochemistry, as well as column chromatography,
can be used (Fountoulakis, 2001), or other biochemical techniques can be applied
for protein enrichment (Fountoulakis & Takacs, 2002).
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15.1.2 Proteomics and Epilepsy

Epilepsy is a chronic neurological disease that affect approximately 50 million peo-
ple worldwide, being characterized by spontaneous and recurrent seizures that
occur in the absence of disease toxic-metabolic or fever (Beghi, 2019). Temporal
lobe epilepsy (TLE) accounts for approximately 40% of all cases of epilepsy, being
a common form of focal epilepsy in humans. There are two subtypes of TLE,
namely, mesial temporal lobe epilepsy (MTLE) and neocortical temporal lobe epi-
lepsy (NTL) (Pfander et al., 2002). In most MTLE patients, seizures originate in the
limbic areas and are focal, and may be perceptual or nonperceptive (Tatum, 2012).
Hippocampal sclerosis (HS) is the most frequent histopathological feature present
in many patients with MTLE, and this change can usually be detected by magnetic
resonance imaging — MRI (Lewis et al., 2014; Blumcke et al., 2017; Bruxel et al.,
2021). HS is characterized by neuronal loss in specific subregions of the hippocam-
pus and glial scar, but the etiology and the pathogenesis of the cell death are not well
understood (Blumcke et al., 2017). In addition, synaptic rearrangement and cell
scattering in the granular layer of the dentate gyrus are frequently seen associated
with HS in MTLE (Houser, 1990).

Seizures are often frequent, and about 67-89% of patients with MTLE do not
respond to antiseizure medications (Chipaux et al., 2016; Do Canto et al., 2021).
According to the International League Against Epilepsy (ILAE), the drug resistance
epilepsy (DRE) occurs as the failure of adequate trials of two tolerated, appropri-
ately chosen, and used antiseizure medications, whether as monotherapy or in com-
bination, to achieve sustained seizure freedom (Kwan et al., 2010). The concept of
DRE not only implies intractable seizures, but the underlying pathogenesis is
responsible for structural and neurobiochemical changes that also cause cognitive
and neuropsychiatric disturbances and psychosocial dysfunction in patients with
TLE (Kwan & Brodie, 2002; Fattorusso et al., 2021). Therefore, DRE represents a
spectrum of different clinical and neurobiological pictures rather than a group of
patients with the same disease, requiring a complex approach to several issues that
we will further try to focus on.

Until now, there is no antiseizure medications able to prevent seizures in patients
with TLE that are efficient in preventing epileptogenesis (Temkin, 2009). Thus, the
question is whether the epileptogenic process could be explained by common
molecular and network events that would be applied in new therapeutics. In this
way, proteomics has been a powerful tool for protein profiling because it allows
comparing proteomes of cells and tissues in normal and pathological conditions.
Since the expression of proteins is determined, the transcriptional level can be
examined to find the underlying mechanism for the reduction or increase of certain
gene products. For this reason, proteomics has been widely used in clinical research
to identify biomarkers associated with disease.

Neurosciences have benefited greatly from the increased use of the technique
proteomics in recent years. Despite this, studies of epilepsies are still modest with
the application of proteomics. Experimental models that reliably reproduce the
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main symptoms of diseases have aroused the interest of researchers in the search for
biomarkers. Proteomics has been used in epilepsy models and brain tissue or cere-
brospinal fluid (CSF), obtained from patients with refractory seizures, to identify
biological markers, enabling new treatments. In the next sections, we will briefly
review these results.

Despite technological advances applied to neurosciences, little is known about
the cellular and molecular phenomena related to the epileptogenic process (Silva &
Cabral, 2008).

Proteomics Profile of Epilepsy Models

The use of experimental animal models of epilepsy has contributed greatly to the
knowledge of different pathological mechanisms that are difficult to study directly
in humans due to the limitations of human tissue availability (Becker, 2018). These
models approach the reality of the complex and heterogeneous physiological pro-
cesses involved, enabling the creation of therapeutic strategies for the disease. The
most common acquired epilepsy model of MTLE in rats and mice are pilocarpine,
kainic acid, and electrical stimulation. Some genetic models have also been largely
studied due to the pathophysiological characteristics they present, and they are,
Wistar Albino Glaxo/Rijswijk (WAG/Rij) rat, BS/Orl and BR/Orl mouse strains and
Genetic Absence Epilepsy from Strasbourg (GAERS) (Becker, 2018). Each model
produces different mechanisms that lead to epileptogenesis; therefore, not all have
the same proteomic profile, although there are similarities in the immune response
and inflammatory pathways (Pitkédnen et al., 2015).

Although these findings are interesting and enable us to obtain clues about the
mechanisms involved with intractable epilepsy, we must bear in mind that these
clues refer to mechanisms already established and irreversible, such as cell loss,
sprouting, cell dispersion, glial scar, metabolic changes, etc. (Pitkdnen et al., 2015).
Studies employing human tissue are limited by the low amount obtained by surgical
procedures and for ethical reasons. The use of the experimental model of epilepsy
can expand our knowledge regarding these mechanisms involved in epileptogene-
sis, allowing interference with or preventing the onset of spontaneous seizures.

Chemical convulsants such as pilocarpine (Cavalheiro et al., 1991; Cavalheiro,
1995) and kainic acid (Ben-Ari, 1985) can initiate status epilepticus in rodents and
cause hippocampal sclerosis, memory impairment and spontaneous and recurrent
seizures (Cavalheiro et al., 1994).

Using the proteomics method, we studied the differentially expressed proteins in
the hippocampal samples of rats subjected to pilocarpine-induced MTLE. In the
hippocampal samples from rats studied 90 days following status epilepticus, we
found 40 proteins differentially expressed when compared to control animals.
Among them, 37 proteins were successfully identified, as shown in Table 15.1. The
protein profile revealed that 29 proteins were upregulated, 6 were downregulated
and 2 were expressed only in control animals.
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Table 15.1 Proteins differentially expressed in the hippocampi of rats subjected to pilocarpine

GeneCards Protein name Changes | IP | MW
Ldha L-lactate dehydrogenase A chain (%] 5.5 136,874
Pebpl Phosphatidylethanolamine-binding protein 1 (%] 5.2 120,902
Aldoa Fructose-bisphosphate aldolase A 4 9.3 139,783
Pla2g4c Cytosolic phospholipase A2 gamma (fragment) & 5.2 37,522
Abcb6 ATP-binding cassette subfamily B member 6, 4 9.3 193,305,18
mitochondrial
Mdh1 Malate dehydrogenase, cytoplasmic &4 6 36,631
Gnbl Guanine nucleotide-binding protein G(I)/G(S)/G(T) | { 5.4 38,151
subunit beta-1
Gnb3 Guanine nucleotide-binding protein G(I)/G(S)/G(T) | { 5.3 38,125
subunit beta-3
Enol Alpha-enolase 1 6 47,440
— Enolase 1 10.3 | 34,166
Eno3 Beta-enolase 1 7.9 |47,326
Eno2 Gamma-enolase 1 4.8 147510
Aldh5al Isoform Short of Succinate-semialdehyde 1 9.4 153,391
dehydrogenase, mitochondrial
Park7 Protein DJ-1 1 6.2 |20,190
Mapk1 Mitogen-activated protein kinase 1 1 6.5 |41,648
Tpil Triosephosphate isomerase 1 7.9 27,345
Nsf Vesicle-fusing ATPase 1 6.5 | 83,170
Pgaml Phosphoglycerate mutase 1 1 6.6 |28,928
Ywhag 14-3-3 protein gamma 1 4.6 | 28,456
Ldhb L-lactate dehydrogenase B chain 1 5.5 136,874
RGD1565368 | Glyceraldehyde-3-phosphate dehydrogenase-like 1 9.3 136,045
Dpysl2 Dihydropyrimidinase-related protein 2 1 5.8 162,638
Dpysl3 Isoform 1 of Dihydropyrimidinase-related protein 3 | T 5.9 162,327
Atp6v1b2 V-type proton ATPase subunit B, brain isoform 1 54 56,857
Car2 Carbonic anhydrase 2 1 6.9 |29,267
Gfap Isoform 1 of Glial fibrillary acidic protein 1 5.1 49,984
Tubb5 Isoform 1 of Tubulin beta-5 chain 1 4.6 150,095
Tubb2a Tubulin beta-2A chain 1 4.6 50,274
Tubb2c Tubulin beta-2C chain 1 4.6 150,225
Tubb3 Tubulin beta-3 chain 1 4.6 |50,842
Atp5b ATP synthase subunit beta, mitochondrial 1 4.9 156,318
Tpil Triosephosphate isomerase 1 7.9 27,345
LOC500959 | Triosephosphate isomerase 1 6.4 27,306
Capzb F-actin-capping protein subunit beta 1 54 130,952
Wdrl WD repeat-containing protein 1 1 6.1 66,824
Atp6vla V-type proton ATPase catalytic subunit A 1 5.2 68,564
Cdca7l Cell division cycle-associated 7-like protein 1 5.8 150,854

(Cdca7l)

Proteins identified by LC-ESI-MS/MS and peptide matched by using Mascot MS/MS ion search
and IPI protein database. (Filled up arrow) upregulated proteins; (open down arrow) downregu-

lated proteins (pilocarpine versus control rats), and (@) proteins expressed only in the
hippocampus of control rats. MW: molecular weight; IP: isoelectric point
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Among the downregulated proteins, we found enzymes related to carbohydrate
metabolism and ATP synthesis, reflecting disturbances in the energetic metabolism.
These data are in line with findings reported by other authors (Greenberg et al.,
2005; Masino et al., 2009). The gene encoding the malate dehydrogenase was
reported as a factor involved in the generation of generalized idiopathic epilepsy
(Greenberg et al., 2005). Altered proteins such as phospholipase A2, fructose-
bisphosphate aldolase, and enolase, have been reported by other authors associated
with neuropsychiatric mechanisms (Martins-de-Souza et al., 2009; Ross et al.,
1997; Adibhatla & Hatcher, 2008). However, phospholipase A2 can also participate
in neurogenesis processes (Talib et al., 2008).

The guanine nucleotide-binding protein (G proteins) was downregulated in the
hippocampi of pilocarpine-induced epilepsy. This is an important finding consider-
ing the wide role of this protein in the signal transduction by hormones, neurotrans-
mitters, chemokines, and autocrine and paracrine factors (Neves et al., 2002).

In another study using the lithium-pilocarpine model, we identified 24 proteins
in the hippocampal samples of rats, but only 7 were differentially expressed com-
pared to control rats; namely, 4 were upregulated and 3 were downregulated
(Marques-Carneiro et al., 2017). The interactome analysis revealed that the proteins
are mainly related to glycolysis (14%) and to inflammation processes mediated by
chemokine and cytokine signaling (5%). We also found proteins associated with
Huntington’s (5%) and Parkinson’s disease (5%) and associated with fructose and
galactose metabolism (4.80%). In addition, minor changes (2%) were also observed
in several other pathways (Marques-Carneiro et al., 2017).

Two genetic models of absence epilepsy, GAERS and WAG/RIij, are resistant to
the progression of partial seizures induced by electrical stimulation of the amygdala
(Aker et al., 2010; Onat et al., 2007), hippocampus (Akman et al., 2008) or perirhi-
nal cortex (Akman et al., 2010). Considering that absence seizures start in the thala-
mocortical circuitry, these data suggest an interaction between thalamocortical loop
and limbic circuitry (Danober et al., 1998). Danis et al. (2011) performed a 2D-PAGE
to compare GAERS to Non-Epileptic Control (NEC) rats and showed six differen-
tially expressed proteins, two in the parietal cortex (ATP synthase subunit delta and
the 14-3-3 zeta isoform), two in the thalamus (myelin basic protein — MBP and
macrophage migration inhibitory factor — MIF), and two in the hippocampus (MIF
and 0-beta 2 globulin). Almost all proteins were upregulated in GAERS compared
to NEC, except 0-beta globulin, a protein from hemoglobin complex predicted to be
involved in oxygen transport (https://www.ncbi.nlm.nih.gov/protein/CAA47877.1/;
GenBank: CAA47877.1). In line with these authors, MIF was also found upregu-
lated in the frontal cortex and in the hippocampus of rats subjected to kainic acid-
induced epilepsy (Lo et al., 2010). MIF, a pro-inflammatory cytokine released in
response to inflammatory stimuli, is highly expressed in immune and nonimmune
cells, including those in the brain. A study by Chai et al. (2020) showed that MIF is
important to the process of hippocampal neurogenesis, affecting cell proliferation in
the dentate gyrus.
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Proteomics Profile of the Patients with Epilepsy

The study of biomarkers using proteomics in patients with epilepsy is a challenge.
Access to the brain tissue consists of an essential approach to measure molecular
dynamics at a determined point in the time course of the disease. However, in
humans, the availability of brain tissue is very difficult; in epilepsy the brain is only
available postmortem or from surgery performed on patients with focal epilepsy
who do not respond to the pharmacological treatment (Do Canto et al., 2021). There
are few studies using proteomics in humans, but compared to the last 10 years, we
have seen a growing increase in data obtained from brain tissue and plasma and
cerebrospinal fluid.

Some authors employed proteomics analysis to identify proteins differentially
expressed in the hippocampi of patients with MTLE compared to control tissue
obtained at autopsy (Yang et al., 2004). They found a reduction in the expression of
the cytosolic enzyme acyl-CoA thioester hydrolase, known for its role in energy
production through beta-oxidation in the mitochondria and peroxisomes, signal
transduction, and protein kinase C activation, has been reported in patients with
MTLE (Yang et al., 2004). In a subsequent study, the authors observed a reduction
in the expression of 18 proteins playing different roles in the brain (Yang et al.,
2006). Proteins with different roles as chaperone (TCP-1-alpha and HSP70), cell
signaling (MAPKK), transcriptional signaling (NAD-dependent deacetylase sirtui-
2), or which are components of synaptosomes (synaptotagmin [ and alpha-synuclein)
and cytoskeleton (tubulins, vinculin, and profiling) are among them. On the other
hand, increased expression of proteins associated with antioxidant function (perox-
iredoxin 6), gliosis, and increased microvascular endothelial cells (apo A-I) was
also reported by the same authors (Yang et al., 2005, 2006).

With the aim of obtaining biomarkers for TLE, Xiao et al. (2009) analyzed the
cerebrospinal fluid (CSF) of patients using proteomics. The authors found five dif-
ferentially expressed proteins in TLE patients compared to control, and six6
expressed only in patients with epilepsy. Vitamin D-binding protein (DBP) was
increased, whereas cathepsin D, apolipoprotein J, Fam3c, and superoxide dismutase
1 (SOD1) were decreased in the TLE samples compared to the control. The six
proteins found only in the patients were: tetranectin (TN), talin-2, apolipoprotein E,
immunoglobulin lambda light chain (IGLc), immunoglobulin kappa variable light
chain 1-5 (IGKV1-5), and procollagen C-endopeptidase enhancer 1 (PCOLCE).
Table 15.2 shows the main functions of these proteins. Abnormal expression of
some of these proteins, such as cathepsin D and SOD1, for example, has been
reported in a study with proteomics using brain tissue (Eun et al., 2004), indicating
that low levels of these proteins in the CSF may reflect deficiency in the brain (Xiao
et al., 2009).

Despite most biomarkers to predict DR-TLE having been obtained mainly by
samples of patients, the CSF has emerged as a promising source for the identifica-
tion of brain biomarkers, since it is the body fluid with the closest anatomical con-
tact with the changes that occur in the brain. Xiao et al. (2009) reported that the four
proteins downregulated in the CSF of patients with DRE are proteins involved in
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Table 15.2 Proteins differentially expressed in the CSF of patients with temporal lobe epilepsy

and their main functions

Proteins
downregulated in
TLE

Function

References

Cathepsin D Proteolytic processes; apoptosis; Uchiyama et al. (2009)
remodeling; inflammation.

Apolipoprotein J/ Protective effect in response to brain Dragunow et al. (1995), Fritz

Clusterin injury; membrane recycling; lipid et al. (1983), Kim and Choi
transportation; cell proliferation and (2011), May and Finch
death; neurodegeneration; pro- and (1992), Wiggins et al. (2003),
anti-apoptosis. Zhang et al. (2005)

SOD1 Antioxidant enzyme; defense against Costello and Delanty (2004),
oxygen toxicity. Cardenas-Rodriguez et al.

(2013)
Fam3c Regulation of immune and Hasegawa et al. (2014),

inflammatory process in cancer;
autophagy.

Kraya et al. (2015)

Protein only detected
in TLE

Function

References

Tetranectin (TN)

Glycoprotein and C-type lectin might be
involved with tissue remodeling,
mineralization during osteogenesis,
migration of tumor cells, angiogenesis,
and proteolytic process.

Wang et al. (2010), Dahiya
etal. (2017)

Talin-2 Present at synapses, Talin-2 has an Xiao et al. (2009, 2010)
important role in cell adhesion and
synaptic formation, mossy fiber
sprouting formation.

Apolipoprotein E Genetic factors involved in the Salzmann et al. (2008),
mechanisms that might influence the Kauffman et al. (2010)
age at onset of TLE (ApoE €4 isoform);
neuronal death.

Immunoglobulin Interaction between the central nervous | Haraldsson et al. (1992),

lambda light chain system and the immune system. Lischka et al. (1994)

(IGLc)

Immunoglobulin Interaction between the central nervous | Haraldsson et al. (1992),

kappa variable light system and the immune system. Lischka et al. (1994)

chain 1-5 (IGKV1-5)

Procollagen Extracellular matrix protein involved Veznedaroglu et al. (2002),

C-endopeptidase
enhancer 1 (PCOLCE)

with the enhancement of procollagen
C-proteinases; collagen metabolism.

Xiao et al. (2009)

Data obtained from the study by Xiao et al., 2009

anti-inflammatory mechanisms, anti-oxidative, and neuroprotection, suggesting a
possible role in the epileptogenesis (Table 15.2).

Cathepsin D belongs to the pepsin family of proteases and is one of the most
studied aspartic proteases. This lysosomal protease is involved in proteolytic degra-
dation, cell invasion, and apoptosis. Cathepsin D participates in the mechanism of
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autophagy, a cellular process undertaken by neurons in the central nervous system
to transport unneeded constituents to lysosomes (Uchiyama et al., 2009). This pro-
cess is essential for the maintenance of cellular metabolism under physiological
conditions. Processes that cause the reduction of lysosomal proteinases such as
cathepsin D, B, and L, can induce neurodegeneration and be involved in epilepsy
(Uchiyama et al., 2009).

Besides cathepsin D, downregulation of the antiapoptotic clusterin (apolipopro-
tein J) was also observed in the CSF of the patients with DRE compared to the
controls (Xiao et al., 2009). These data are in line with those of the other authors,
which showed reduced levels of CSF-clusterin in patients with drug-resistant and
drug-responsive TLE compared to the controls, suggesting a pro-epileptogenic role
(Yuetal., 2014). The clusterin, described as a glycoprotein, is presented as a nuclear
form (nCLU) and a secretory form (sCLU) and perform dual role on apoptosis.
nCLU is proapoptotic (Kim et al., 2012) and sCLU is antiapoptotic (Zhang et al.,
2005). Clusterin is involved in several neurological diseases including Alzheimer’s
disease, Parkinson’s disease (Milinkeviciute & Green, 2023; Charnay et al., 2012),
and seizure-induced neuronal loss (Yu et al., 2014; Kim et al., 2012). Moreover,
clusterin was markedly decreased in the CSF of patients with DRE rather than in
patients with drug-responsive epilepsy (Xiao et al., 2009). The decreased level of
CSF-clusterin in patients with DRE suggests that the cytoprotective effect of sSCLU
was attenuated in response to seizures. According to Yu et al. (2014), patients with
DRE usually have a significant longer duration of disease compared to patients with
drug-responsive epilepsy, suggesting that CSF-clusterin concentration could also be
correlated with seizure and disease duration. Furthermore, time-dependent altera-
tion of clusterin was also observed in the epilepsy model induced by kainic acid in
rats (Kim et al., 2012).

Superoxide dismutase (SOD), a key antioxidant enzyme, cleans the superoxide
radical and forms the first line of defense against oxidative stress and its subsequent
effects (Costello & Delanty, 2004). Prolonged seizures may result in mitochondrial
dysfunction, increased production of reactive oxygen species and nitric oxide, and
neuronal cell death. Moreover, chronic mitochondrial oxidative stress and the resul-
tant cellular dysfunction can render the brain more susceptible to epileptic seizures
(Costello & Delanty, 2004). Thus, mitochondrial oxidative stress is considered a
key factor in epileptogenesis. As a response to seizures, the synthesis of SOD1 pro-
tein protects against neuronal degeneration induced by oxidative stress, but hippo-
campal CAl and CA3 neurons in an epileptic rat model no longer have SODI
immunoreactivity (Kim et al., 2000). However, a reduced level of SOD was observed
in the cortex of patients with TLE who had received surgical treatment (Eun et al.,
2004) and in a rat model of electroconvulsive shock and pilocarpine (Erakovic et al.,
2000; Bellissimo et al., 2001). Taking this into account, a lower level of SOD1 in the
CSF of TLE patients described by Xiao et al. (2009) may reflect deficiency of anti-
oxidant enzymes in the central nervous system in this pathological state.

FAM3C is a member of a cytokine-like gene family. Fam3c, also known as
interleukin-like epithelial-mesenchymal transition inducer (ILEI), is a secreted pro-
tein found to be ubiquitously expressed in tissues, including bone, muscle, and brain
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whose function has not been well known (Kraya et al., 2015). Studies have shown
that the level of secreted Fam3c is markedly decreased in the brains of AD patients,
whereas this protein destabilizes the p-secretase-cleaved APP carboxy-terminal
fragment (Hasegawa et al., 2014). Overexpression of Fam3C significantly reduces
the brain AP burden and ameliorates the memory deficit in AD model mice. Fam3c
may be a plausible target for the development of disease-modifying therapies
(Hasegawa et al., 2014). Otherwise, Fam3c has been reported as a member of a
group of secreted proteins involved with tumor formation and metastasis (Kraya
et al., 2015). High level of Fam3c has been detected in melanoma cell-conditioned
media and patient, suggesting high level of autophagy associated with malignant
melanoma’s progression and aggressiveness (Kraya et al., 2015). On the other hand,
the function of Fam3c in epilepsy has not been well determined.

The six proteins detected only in the CSF of patients with DRE might be involved
in epileptogenesis (Xiao et al., 2009). Tetranectin is a glycoprotein which is encoded
by the CLEC3B gene (C-type lectin domain family 3, member B) in human
(Clemmensen et al., 1986). This protein is expressed in a variety of cells including
monocytes, neutrophils, fibroblasts, and osteoblasts, and has been associated with
the regulation of fibrinolysis, tissue remodeling, and proteolytic processes (Wang
et al., 2010; Dahiya et al., 2017). Studies have shown that tetranectin has a defined
role in the pathophysiology of epilepsy (Dahiya et al., 2017). Tetranectin levels
were significantly downregulated in patients with DR epilepsy; the lower plasma
tetranectin level was correlated with frequency of seizures and disease advances.

Talin-2 is another protein detected in CSF of patients with DRE. Talin-2 is a
cytoskeletal protein found in high concentrations in the synapses. This protein plays
an important role in the synaptic vesicle endocytosis, as in cell adhesion and in the
recycling of synaptic vesicles (Xiao et al., 2010). To maintain continuous and reli-
able neurotransmitter release, synaptic vesicles must be rapidly recycled. A pre-
dominant mechanism responsible for synaptic recycling is clathrin-mediated
endocytosis. Reduced levels of Talim-2 in the CSF may indicate impairment in the
clathrin-mediated synaptic vesicle endocytosis, which can disturb neurotransmitter
release and contribute to the epileptogenesis (Zheng et al., 2010).

Apolipoproteins play a well-established role in the transport and metabolism of
lipids within the CNS, with a fundamental role in the maintenance and repair of
neuron cell membranes (Mahley, 1988). The ApoE gene is polymorphic, and three
isoforms have been identified €2, €3, and €4, showing different functions in the CNS
(Morrow et al., 2000). Previous studies investigated the role of ApoE variants in
TLE (Briellmann et al., 2000, Xu et al., 2021, Salzmann et al., 2008). Specifically,
the results concerning the role of the ApoE €4 isoform as a modifier of the age of
onset of epilepsy have been controversial (Kilpatrick et al., 1996, Tan et al., 2004).
Kauffman et al. (2010) performed a molecular epidemiology study, a systematic
review, and a meta-analysis to study the role of ApoE €4 isoform as a modifier of the
age at onset of TLE. The authors showed that the ApoE €4 allele is associated with
an earlier onset of TLE. These results were also confirmed by a meta-analysis study
inasmuch all the populations analyzed showed a trend for a lower age at the onset of
epilepsy in ApoE €4 carriers compared with noncarriers (Kauffman et al., 2010).
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TLE, the most common form of partial epilepsy, is a polygenic and complex dis-
ease. There are several factors that might influence the age at the onset of TLE, and
the genetic factor ApoE €4 seems to participate in some of them, such as, for exam-
ple, disruption of the cytoskeleton, potentiation of apoptosis and increase in the
deposit of f amyloid. Therefore, the findings highlight the ApoE gene as a candidate
to influence the epileptogenic processes occurring in TLE. However, the authors
reported that other variables that were not fully analyzed such as age, ethnicity,
gender, and epilepsy etiology may be a source of bias in the results.

The immunoglobulin kappa-free light chains (IGKV1-5) and lambda-free light
chains (IGLc) were also found to be expressed in the CSF of patients with DR-TLE
but not in the CSF of control (Xiao et al., 2009). Since the discovery that autoim-
mune mechanisms were able to induce epilepsy in animal models and that gamma
globulin could be used to treat epilepsy encephalopathy, subclasses of immuno-
globulins have been investigated in the epileptic process. Increased kappa/lambda
ratio has been reported in the serum and in cerebrospinal fluid of patients with vari-
ous neurological diseases such as multiple sclerosis, amyotrophic lateral sclerosis,
polyneuropathy, viral encephalitis, and intractable epilepsy, suggesting that the
examination of light immunoglobulin chains is a good tool for diagnosing DR epi-
lepsy in childhood (Bollengier et al., 1978; Lischka et al., 1994). In contrast,
Haraldsson et al. (1992) observed a decreased serum total kappa/lambda ratio
suggesting disturbed immunological mechanisms in children with DR epilepsy
resulting from a developmental delay in immunopathophysiological and neuro-
pathophysiological mechanisms in childhood epilepsies.

The final protein found by Xiao et al. (2009) expressed only in the CSF of
patients with DR-TLE was the PCOLCE, an extracellular matrix protein that
enhances the activities of procollagen C-proteinases (Table 15.2). This protein has
also been found to be expressed in brain tissues (Takahara et al., 1994). PCOLCE is
critical for collagen deposition. Studies in animal models have shown that, due to
the chemoattractant property of collagen, this protein may play a role in cell migra-
tion and seizure activity in patients with TLE (Veznedaroglu et al., 2002). Therefore,
Xiao et al. (2009) proposed that the presence of PCOLCE in the CSF of patients
with TLE indicates cellular pathological changes in collagen metabolism in the epi-
leptic brain.

A recent study performed to analyze the protein profile of patients with focal
seizures (FS) due to TLE and with psychogenic nonepileptic seizures (PNES)
showed that blood-brain barrier (BBB) damage is the main event that distinguishes
patients with PNES from patients with FS (Hamrah et al., 2020). Under this condi-
tion of increased permeability of the BBB, molecules that are normally expected to
be found only in the central nervous system, may diffuse into peripheral blood as
well as serum proteins may reach the brain parenchyma. The altered proteins found
in the serum following focal seizures were S-100B, ceruloplasmin, alpha
I-acilglycoprotein 1, and malate dehydrogenase 2, and they can be used as markers
to differentiate seizures (Hamrah et al., 2020).

A study carried out by our group also showed the presence of serum albumin in
hippocampal samples from patients with MTLE (Persike et al., 2018). Using
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Fig. 15.2 Representative 2D-PAGE image of hippocampal protein extracts from control (a) and
patients with mesial temporal lobe epilepsy (b). An amount (0.5 mg) of total protein of each sam-
ple was separated by isoelectrofocusing on a pH 3-10 linear gradient followed by the second
dimension run on SDS-PAGE. Gels were stained with Coomassie brilliant blue. The peptides
obtained from protein digestion of spots differentially expressed were analyzed by LC-ESI-MS/MS

proteomics (2D-PAGE coupled to LC-ESI-MS/MS) we have shown that the total
number of spots was noticeably smaller in the hippocampus of MTLE patients
with DRE than in control tissue (Fig. 15.2). A total of 16 proteins were differen-
tially expressed in the hippocampal samples of patients with MTLE compared to
control, but only 9 proteins were identified by NCBI database, as shown in
Table 15.3. Among the nine identified proteins, six were upregulated, and one was
downregulated in the hippocampal samples of MTLE group compared to control;
two proteins were expressed only in the 2D-PAGE of patients with epilepsy. The
identified proteins were: isoform 1 of serum albumin (ALB1), HSP70,
dihydropyrimidinase-related protein 2 (DPYSL2), isoforms of myelin basic pro-
tein-1 (MBP1), isoform 3 of spectrin alpha chain (SPTANT1), proton ATPase cata-
lytic subunit A (ATP6V1A), glutathione S-transferase P (GSTP1), protein DJ-1
(PARK?7), and dihydrolipoyllysine-residue acetyltransferase component of pyru-
vate dehydrogenase complex (DLAT). Glutathione S-transferase P and PARK7Y
were detected only in hippocampal samples of patients with MTLE. The expres-
sion of spectrin was downregulated in the hippocampi of the patients. All other
proteins were upregulated in epilepsy. The expression of HSP-70, ATP6V1A and
GSTP1 was validated by Western blot (Persike et al., 2018).

Most of the identified proteins do not possess a well-defined function in the epi-
leptic process. However, some authors suggest that the increase in the expression of
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Table 15.3 Proteins differentially expressed in the hippocampal samples of patients with MTLE

Gene
symbol Protein name Changes | IP MW
ALB Isoform 1 of Serum albumin 1 5.92 71,317
HSPA2 Heat shock-related 70 kDa protein 2 ) 5.56 70,263
DPYSL2 | Dihydropyrimidinase-related protein 2 ) 82 77912
MBP Isoform 1 of Myelin basic protein 1 9.79 | 33,097
SPTANI1 Isoform 3 of Spectrin alpha chain, brain 4 5.21 282,906
ATP6VI1A | V-type proton ATPase catalytic subunit A ) 5.35 68,660
GSTP1 Glutathione S-transferase P + 5.43 123,569
PARK7 Protein DJ-1 + 6.33 20,050
DLAT Dihydrolipoyllysine-residue acetyltransferase component | 7.96 | 69,466
of pyruvate dehydrogenase complex, mitochondrial

Proteins identified by LC-ESI-MS/MS and peptide matched by using Mascot MS/MS ion search
and NCBI protein database. (Filled up arrow) upregulated proteins, (Open down arrow) downregu-
lated proteins (MTLE versus control), and (+) proteins expressed only in the hippocampus of
MTLE patients

myelin basic protein and albumin, may, for example, be indicative of alteration in
the permeability of the blood-brain barrier and in myelination processes in experi-
mental model of epilepsy (Huang et al., 2008; Marchi et al., 2010). Our data cor-
roborate those of authors who show increased barrier permeability as a factor that
contributes to epileptogenesis by facilitating the exposure of neurons to pro-
inflammatory cytokines and predisposing them to drug resistance epilepsy.

The vacuolar H*ATPase, an evolutionarily ancient enzyme involved in neu-
rotransmitter release mechanism (Wilkens et al., 2005) and acidification of synaptic
vesicles after exocytosis (Li et al., 2005), was found to be upregulated in patients
with MTLE compared to control. Likewise, the increased expression of HSP70 in
hippocampal samples of the patients with epilepsy may represent a compensatory
mechanism since HSP70 is a chaperone involved in the folding of new proteins
(Mayer & Bukau, 2005).

The dihydropyrimidinase-related protein 2 (DPYSL2) is a member of cytosolic
phosphoproteins, and is involved with neuronal migration, axon growth, and guid-
ance (Morimura et al., 2013). Previous studies have reported an upregulation of
DPYSL2 in hippocampal samples of patients with TLE (Persike et al., 2018) and in
experimental model of epilepsy induced by pilocarpine (Marques-Carneiro et al.,
2017). Increased expression of this protein has been associated with susceptibility
to psychiatric disorders, such as schizophrenia (Ujike et al., 2006) or in diseases in
which the psychiatric disorders appear as comorbidity such as Alzheimer’s disease
(Castegna et al., 2002). Upregulation of DPYSL2 was also observed in the hippo-
campi of patients with MTLE and considering its role in axonal growth and guid-
ance, Persike et al. (2018) suggested that DPYSL2 can be involved in neuronal
sprouting and seizures generation.

In contrast, the authors found downregulation of the spectrin protein in hippo-
campal samples of patients with MTLE (Persike et al., 2018). This protein is
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responsible for anchoring the NMDA receptors (NR2A, NR2B, and NR1) to the
actin cytoskeleton in the membrane, and it plays an important role in synaptic plas-
ticity and long-term potentiation (LTP) (Wechsler & Teichberg, 1998). Thus,
changes in spectrin protein expression can cause LTP impairment and cognitive
deficit.

The glutathione S-transferase P (GSTP1) and PARK-7 were expressed only in
the hippocampal samples of patients with MTLE. Previous study showed that these
proteins play an important role as antioxidants following brain injury (Sharma et al.,
2004), in addition to playing an important role in detoxification. Besides, GSTP1
has been associated with the inactivation of antiepileptic drugs in the liver (Shang
et al., 2008), and it may be responsible for the poor penetration of antiseizure medi-
cations. This protein may represent an important target for studies related to drug
resistance frequently associated with MTLE. On the other hand, upregulation of
PARK-7 indicates the presence of neuroprotective mechanisms associated to MTLE
(Persike et al., 2018).

Meériaux et al. (2014), using MALDI mass spectrometry imaging (MSI) coupled
with proteomics found seven neuropeptides differentially expressed in the layer of
dentate gyrus (DG) of patients with MTLE. The identified proteins exert different
roles being associated with axons regeneration (neurotrophin), extracellular matrix
proteins, cell surface proteins, membrane proteins, G proteins, cytoskeleton pro-
teins, and tumor suppressors (TS). The Leucine-rich glioma inactivated 1 (LGI1)
protein was found in the hippocampus of MTLE and has been related to the herita-
bility of TLE.

A proteomic study performed by Keren-Aviram et al. (2018) investigated pro-
teins differentially expressed in the neocortex of patients with DRE, at high-
frequency spikes. The authors identified eight upregulated proteins (SNCA,
STMNI1, UGP2, DSP, CA1, PRDX2, SYN2, and DPYSL2), and ten downregulated
(GFAP, HNRNPK, CPNE6, CRYAB, GNAOI1, PHYHIP, HNRPDL, ALDH2,
GAPDH, and LASP1). In their analysis, the authors associated proteins with vascu-
lar modifications and the decreased expression of GFAP« as being related to meta-
bolic changes and increased cortical activity.

Proteomics studies using plasma are very scarce. Banote et al. (2021) identified
41 proteins differentially expressed compared to the control group. Some of them
have previously been reported to be associated with epilepsy, including Pentraxin-
related protein (PTX3), von Willebrand factor (VWF), Sonic hedgehog (SHH),
MAPKI14, a member of mitogen-activated protein kinases, Apolipoprotein E
(APOE), C—C motif chemokine 5 (CCL5), Laminin subunit beta-2 (LAMB?2), and
FYN-binding protein 1 (FYB1). Many of these proteins are involved in epilepto-
genic processes, such as inflammation, calcium ion binding, lipid binding activity,
metal ion binding, and identical protein binding activity.

The presence of the chemokine CCL5 has also been reported by Toledo et al.
(2021) in the cerebral cortex of patients with drug-resistant TLE (DR-TLE) com-
pared to patients with TLE responders to treatment and healthy controls. According
to the authors, the presence of CCLS5 together with other cytokines (IFN-gamma
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and IL-17) in the cerebral cortex of the patients indicates involvement in lympho-
cyte recruitment, suggesting communication between central and peripheral inflam-
matory markers (Toledo et al., 2021).

The endogenous level of CCLS is very low in the plasma of healthy individuals,
but it increases dramatically in both peripheral and CNS in pathological conditions,
i.e., in autoimmune diseases (encephalomyelitis and multiple sclerosis), and in
DR-TLE (Pittaluga, 2017; Toledo et al., 2021; Wolinski et al., 2022). There are two
mechanisms by which the CCL5 can become bioavailable in the CNS, (i) by the
permeabilization of the blood-brain barrier during inflammation, which favors the
entry of CCLS5 from the periphery into the brain, (ii) by concomitant massive local
production of CCL5 from activated astrocytes and, to a lesser extent, from microg-
lial cells triggered by pro-inflammatory cytokines (Pittaluga, 2017). Once released
in the synaptic cleft, CCLS5 regulates the function of glial cells (microglia and astro-
cytes) themselves through autocrine processes by means of CCRS5 receptors, and to
a less extent, of CCR1 and CCR3 receptors (Pittaluga, 2017). In physiological con-
ditions, the expression of CCRS in astrocytes is low but rapidly increases upon
stimulation by cytokines released by microglial cells contributing to higher expres-
sion of CCR proteins (Sgrensen et al., 1999). Thus, this cascade is an event related
to neuroinflammation.

In CNS, CCLS is involved with Ca++ ions mobilization, suggesting that this
chemokine could modulate glutamate exocytosis in the CNS (Meucci et al., 1998;
Klein et al., 1999; Musante et al., 2008; Pittaluga, 2017). However, some authors
have shown that the CCLS5-induced changes to glutamate release are area specific
and involve different receptor repertoires, indicating heterogeneity in the effect of
this chemokine in the CNS (Di Prisco et al., 2012). CCLS5 plays a role in coupling
inflammation and synaptic excitability in CNS diseases secondary to viral infec-
tions, such as acquired immune deficiency syndrome-related dementia, or involving
neuroinflammatory processes, such as MS and Alzheimer’s dementia
(Pittaluga, 2017).

When we compared the proteins differentially expressed in the hippocampus of
patients with MTLE and from rats subjected to pilocarpine compared to their
respective controls, we identified three proteins in common, Park-7, DPYSL2, and
ATP6V1A (Table 15.3). The proteins DPYSL2 and ATP6V1a were differentially
increased in both patients, and rat hippocampi, while Park-7 was differentially
expressed in rat (increased expression compared to control) and found exclusively
expressed in the samples of MTLE patients. Increased expression of these proteins
may be involved in neuronal development and plasticity (DPYSL2), neuroprotec-
tion mechanisms (Park-7), and neuronal excitability (ATP6V1a). The ATP6V1ais a
protein involved with releasing neurotransmitters and acidifying synaptic vesicles
after exocytosis for recycling (Li et al., 2005; Wilkens et al., 2005). The upregula-
tion of this protein can reflect an increase in the dynamics of synthesis, storage, and
release of neurotransmitters present in epileptic tissue and therefore increased exci-
tation (Marques-Carneiro et al., 2017; Persike et al., 2018) (Table 15.4).
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Table 15.4 Proteins differentially expressed in patients and in rats with MTLE

Changes in

Gene Pilocarpine model x | Changes in epileptic human
symbol Protein name control hippocampus x control
Park7 Protein DJ-1 1 +
Dpysl2 Dihydropyrimidinase-related | T 1

protein 2
Atp6bvla | V-type proton ATPase 1 1

catalytic subunit A

Proteins differentially expressed in the hippocampal samples of rats subjected to pilocarpine
(90 days following SE), and of patients with MTLE. (Filled up arrow) upregulated proteins and (+)
protein expressed only in the hippocampus of the patients (Persike et al., 2012, 2018)

15.2 Conclusions

Proteomics has contributed to improve knowledge about altered mechanisms in the
hippocampus (the main area affected in this disease) of patients with TLE, and
experimental models of TLE. Proteomics, a powerful methodology that combines
ancient techniques (i.e., two-dimensional electrophoresis and amino acid analysis)
with advanced technologies (mass spectrometry), emerges as a powerful alternative
in the search for target proteins to treat or perhaps prevent the occurrence of sei-
zures. Proteomics allows not only detects the differential expression of proteins in
the hippocampi of patients with epilepsy in relation to the control tissue but also
provides information about the protein class to which they belong, the cellular com-
partment where they are found, and their molecular and biological functions,
through qualitative analysis using specific software (GENEmania system, Metacore
software) (Marques-Carneiro et al., 2017; Persike et al., 2018; Canto et al., 2022).

Data from studies with proteomics in the hippocampus of patients with MTLE
and from experimental models of MTLE show common mechanisms involved with
synaptic plasticity, neurotransmission, and neuroprotection. The proteins involved
in these mechanisms may be important biomarkers for studies of these alterations
associated with the epileptic condition.

Considering the complex physiology of the central nervous system, it may be
convenient to combine simultaneous analyzes of material collected by surgical pro-
cedure from patients with MTLE. Patients with adequate clinical follow-up under-
going surgical treatment of epilepsy can provide important material for the research
of biomarkers using proteomics.

Unbiased big data mining has emerged to generate patterns of genes, proteins,
and metabolites, and signaling pathways, from brain tissue samples from MTLE
patients (Kirchner et al., 2020). The generated data set can be organized into a mul-
tivariate interactome, together with clinical data, in the search for biomarkers or
therapeutic targets employing experimental models or in vitro preparations in
reverse translation. Currently, proteomics studies have been greatly relying on
the mass spectrum (MS). Despite the high sensitivity, molecules with low



15 Application of Proteomics in the Study of Molecular Markers in Epilepsy 327

concentrations in the tissue may not be detected. Thus, neuroscience still needs
more sensitive methods that can directly read entire protein sequences without hav-
ing to resort to databases to identify theoretical proteins.
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