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ABSTRACT
The common human neurodegenerative disorders such as Amyotrophic lateral sclerosis (ALS), Alzheimer’s (AD) and Parkinson’s diseases (PD) are
a heterogeneous group of neurologic disorders that are characterized by the progressive loss of brain function. In ALS, selective and relentless
degeneration occurs in both upper and lower motor neurons, resulting in mortality usually within 5 years of symptom onset. However, surviving
rates vary among individual patients that can be from a few months to >10 years. Inadequacy in disease detection, treatment as well as lack of
diagnostic and prognostic tools have prompted many to turn to proteomics-based biomarker discovery efforts. Proteomics refer to the study of the
proteins expressed by a genome at a particular time in a whole cell or a tissue etc. and the proteome can respond to and reflects the status of an
organism including health and disease states. Although an emerging field proteomics application promise to uncover biomarkers critical for
differentiating patients with neurodegenerative diseases from healthy people and from patients affected by other diseases. These studies will also
contribute mechanistic information to facilitate identification of new drug targets for subsequent therapeutic development. In addition to proper
experimental conception, standard operating technique for sample procurement, pre-processing, and storage must be developed. Biological
samples generally analyzed in proteomic studies of neurologic diseases include both plasma and cerebro spinal fluid. Recent studies have identified
individual protein or protein panels from blood plasma and CSF that represent putative biomarkers for neurodegenerative diseases like AD and
ALS, although many of these proteins are not unique to this disease. Continued research investigations are required to validate these initial findings
and to further pursue the role of these proteins as diagnostic biomarkers or surrogate markers of disease progression. Protein biomarkers specific
to amyotrophic lateral sclerosis (ALS) will additionally function to evaluate drug efficacy in clinical trials and to identify novel targets for drug
design. It is hoped that proteomic based technologies will soon integrate the basic biology of neurologic disorders with mechanistic disease
information to achieve success in the clinical setting.

INTRODUCTION
The term “proteome” was first coined nearly two decades back
during the protein mapping studies of Mycoplasma genitalium [1]
which was explained as “proteins expressed by a particular
genome”. But in the last decade during large scale proteomics
investigations, various terms with suffixes “-omic” were introduced,
such as metabolomics (studies of metabolites in the cells),
ribonomics (proteins binding to mRNA), dependomics (proteome of
the dependent organism), peptidomics (peptide pool in the tissue),
and lipidomics (lipid pool in the tissue) etc [2-4]. Furthermore
proteomics is divided into three main subgroups: (1) Functional
proteomics: study of protein-protein interaction and its interaction
with other biological molecules. (2) Structural proteomics: 3-D
structure determination of a protein and to characterize the
functional properties in a cell (3) Clinical proteomics: (Analysis of
protein biomarkers of diseases) [5].
The experimental approaches, technology and bioinformatics which
facilitate the proteomic research, are evolving rapidly. Proteomics is
one of the fastest growing branch of biomedical sciences which
allow to fully understanding the key processes in growing,
differentiation and regulation occurring at various stages at the
cellular and intercellular levels. Proteomic technologies grant
powerful tools to study proteinaceous constituents of complex
mixture in step by step procedures and to perform qualitative and in
some instances quantitative studies or both. Although proteomics is
complementary to genomics but there are significant differences
between protein and gene expression profiling. Moreover, proteins
after translation undergo highly complex and wide range of posttranslational modifications. Therefore, genomic data cannot
elucidate variations in the level or state of proteins that is mainly
influenced from external conditions. For example, a segment of
human beta-globin sequence (HbB115-146) exhibits potent
bactericidal activity (hemocidins), during menstruation or in case of
skin damage release peptides from globins and may prevent
bacterial infection [6]. Likewise, some proteins, not their
complementary genes, play key role in different types of
neurodegenerative and non-neurological disorders [7]. It is possible

now to investigate the entire transcriptome but comparably
comprehensive approach to investigate proteins encoded therein is
lacking [8-10]. High throughput and ultra-sensitivity make
proteomics a promising tool in finding the biomarker for various
neurodegenerative and non-neurological diseases.
Human neurodegenerative and non-neurological diseases range
from rare to common illnesses. They have huge impact on patient as
well as on the society [11]. Pathology associated with protein
misfolding are highly prevalent in the population worldwide,
including neurodegenerative diseases, cystic fibrosis, certain types
of cancer, type II diabetes mellitus [12]. Indeed, some
neurodegenerative disorders pose serious public health challenges
that will increase in the coming decades. It is estimated that
Alzheimer disease affects over 5 million Americans and disaster is
spreading, costing 150 billion US$ annually alone in the USA
(http://ind.ucsf.edu/ind/). The sole reason of doing research on
human diseases is to restore the health and to boost the quality and
length of patient’s life. Discovery of novel specific biomarker in
neurological disorders will make easy the accomplishment of these
purposes by providing sensitive and selective clinical correlation for
the evaluation and diagnosis and by providing information about
disease mechanisms that can be used to recognize potential
therapeutic targets for drug development [13].
Biomarkers are cellular, biochemical and molecular alterations to
identify or monitor normal vs abnormal biological process. The NIH
officially define the term biomarker as “a characteristic that is
objectively measured and evaluated as an indicator of normal
biologic processes, pathogenic processes or pharmacologic
responses to a therapeutic intervention” [14]. The biomarkers can
be based upon any biomolecules (proteins, RNA, DNA, glycan, lipids,
metabolites etc). Therefore, various experimental approaches may
be applied for biomarkers discovery. Proteins belong to major group
of compounds which may be ubiquitously affected in disease and are
promising target for biomarker discovery [14]. Biomarker should
have one or more of several properties: (1) Selective and specific
association with disease in a population; (2) heritability; (3) state
independence and presence, whether not the clinical phenotype of
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the disease is present; (4) co-segregation with disease within
families; (5) presence in relatives of affected individuals at a higher
rate than in the general population [13]. Identification of multiple
genuine biomarkers will increase diagnostic specificity. Since, there
are intrinsic difficulties in characterizing and accessing neurological
disorders, biomarkers that satisfy above mentioned criteria have
been difficult to identify. This review work will discuss some of the
challenges in attempting to identify biomarkers in neurological
disorders and how recent advancement in proteomics will help to
overcome these challenges and lead to improved diagnostics and
therapeutics. Also it will cover the some of the recent developments
in biomarker discovery for the neurodegenerative diseases like
Parkinson’s (PD), Alzheimer’s (AD), and Amyotrophic lateral
sclerosis (ALS).
The challenges of biomarker discovery in neuroproteomics
Biomarker research in neurological diseases are hampered by four
basic challenges: (A) the availability of tissue at the site of pathology;
(B) poor clinical diagnostics and extent of disease progression at the
time of diagnosis; (C) complexity of the brain and tissue
heterogeneity; (D) lack of functional endpoints and models for
validation [13, 15-17].
a- Tissue availability at the site of pathology
Many of the difficulties in biomarker identification in neurological
disorders are related to the acquisition and quality of the necessary
tissues, especially from actual site of pathology. The rarity and
dangers associate with brain biopsies necessitate the use of postmortem tissue samples from affected individuals [13, 18]. Due to
which the disease is most often at the end stage and the affected
tissues have been ravaged by the diseases process, leaving little
experimental material of high quality to investigate early etiologies
[13, 19]. For the purpose of developing disease diagnostics,
peripheral tissues such as blood, urine, and salvia are easily
available ante-mortem. However, for discovering etiologically
related genes, protein or small molecules, the preferred biological
source is often pathologically affected tissues that are more difficult
to attain, progress in overcoming the problem of tissue availability
and acquisition has been achieved with advances in brain banking.
New freezing techniques and shorter post-mortem intervals (PMI)
are making higher quality tissue available more rapidly [20-22].
Alternatively, in vitro and animal models of neurological disease
have been used to bypass the problem of tissue availability.
However, human neurological disorders are highly complex, which
are often containing significant behavioural components, these
models are unsatisfactory. Thus, where possible well characterized
human tissues are preferred substrates for neurological studies,
placing significant emphasis on the need for further advance and
improvement in brain banking programs [13].

c- Complexity of the brain and tissue heterogeneity
The complexity of the brain itself presents a severe bottleneck in the
identification of useful biomarkers. In most organs (e.g. liver,
muscle), cells are more homogenous in their phenotypes,
transcriptomes, proteomes and cellular interactions. However, in the
brain above mentioned features vary widely within the neurons and
glia [13, 24]. Diverse cellular experiences can be interpreted as
differences that manifest on the biochemical and epigenetic level.
Also, the complex experiences and interactions of each individual
must be considered.
d- Shortage of functional end points and models for validation
The paucity of model systems for functional validation in
neurological diseases makes confirmation of candidate biomarkers
extremely difficult. The fact that neurological diseases are wholly or
partially behavioural in nature makes difficult to ascertain many of
the phenotypic characteristics as they occur in vitro or in vivo [3739]. So in order to improve the above drawbacks, the surrogate
endpoints, i.e; biomarkers need to be designated, which can help to
identify these characteristic pathologies without necessarily being
able to observe the underlying behavioural attributes and these
endpoints must be functionally validated. It is important to evaluate
whether or not changes in surrogate endpoints like proteins,
metabolites, DNA and RNA etc. have any measurable effect on the
actual phenotype of a cell or animal model.
Proteome technologies
In the post genomic era, proteomics has evolved as a promising tool
for more comprehensive studies of neurodegenerative diseases and
for biomarker discovery. In the past decade, proteomic-based
applications in neurobiology have increased in accuracy and
sensitivity but the development of orthogonal techniques to certify
results has fallen behind. Worldwide efforts are involved in the
studies of neurodegenerative diseases using proteomic tools. The
increasing trend in number of publication found in
PubMed/MedLine
database,
searching
for
the
term
‘‘neurodegenerative, proteomics’’ currently (Jan, 2013) searched
496 articles (Figure 1). Different types of techniques are now
available for the analytical separation and identification of proteins
from complex mixtures (Figure 2). One dimensional and two
dimensional gel electrophoresis (2D), capillary electrophoresis (CE)
or HPLC are the most common separation methods, while Mass
Spectrometry (MS) is now the gold standard for protein
identification. It is generally understood that in proteomics
laboratories a single technique will not be sufficient to address all
questions about a Proteome. Every technique has limitations as well
as advantages.

b- Insufficient clinical diagnostics and the extent of disease
progression at the time of diagnosis
Clinical diagnostics and classification of patient populations are
poorly developed for most neurodegenerative diseases, most
notably multiple sclerosis [16, 19, 23, 24], but also to a lesser degree
with atypical forms of Parkinson’s disease (PD) and Alzheimer’s
disease(AD). Even in the better case scenario of AD, clinic
pathological diagnosis has been demonstrated to have a specificity
ranging between 76% and 88% and sensitivity between 53% and
65% with a confirmation rate of probable AD as low as 65% [13, 25].
Although clinical diagnosis for neurodegenerative diseases have
been reported to be accurate in 70%-80% of cases [13, 26, 27]. Also,
the complexity of the neuropathological features that these
neurodegenerative disorders have in common hampers in the
proper diagnosis. Cases of mixed pathology are common. For
example, AD pathology is present in 66% and 70% of LBD and
vascular dementia patients, respectively [28-30]. In addition, the
deposition of amyloid, a hallmark of AD, has been shown in many
cases of PD [31, 32]. Likewise, another hallmark of AD, tau
pathology, is seen to be common with frontotemporal dementia
(FTD) in Parkinsonism [33, 34], dementia with lewy bodies [35, 36].
Thus, diagnosis has become extremely hard. So, identification of
early diagnostic biomarker will be very crucial in proper diagnosis.

Fig. 1: Trend of number of publications in neuroproteomics.
The graph shows the number of hits for keyword “neurodegenerative,
proteomics
“in
the
Pubmed
database
(http://www.ncbi.nlm.nih.gov/pubmed/) over the year 2000-2012.
Number of Publications in neuroproteomics gradually increasing
during the past decade.
a- Two-dimensional polyacrylamide gel electrophoresis
High resolution two-dimensional polyacrylamide based gel
electrophoresis (2D-PAGE) was first introduced in 1975 [40]. In a
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single experiment, 2D-PAGE allows separation of 102-103 protein
based upon proteins isoelectic points in the first dimension (1D) and
then separation of proteins according to molecular weight in the
second dimension (2D) [41, 42]. Some post-translational
modifications of proteins such as oxidation or phosphorylation were
identified by western blotting or staining [43-46]. 2D-PAGE
combined with mass spectrometer is a powerful technique that
represents a remarkable resource for proteomics studies. It offers
excellent opportunities to discover potentially new biomarkers for
early detection and diagnosis of disease [47]. Both 1D and 2D-PAGE
can be combined with liquid chromatography-mass spectrometry
based separation of gel extracts which provide an additional
dimension of separation and identification for complex mixture. In
the past decade several advancements have been made in 2D-PAGE,
such as the introduction of fluorescent 2D difference gel
electrophoresis (2D-DIGE) and many protein prefractionation
techniques. 2D-PAGE is an extremely useful technique, offering
significant advantages for fast, sensitive and accurate protein
separation and analysis, making it one of the favoured methods for
the analysis of protein expression differences in many laboratories.

b- Two-dimensional difference gel electrophoresis
Two-dimensional difference gel electrophoresis (2D-DIGE) is a
modified version of 2D-PAGE which utilizes differential labeling of
protein samples with upto their fluorogenic tags. 2D-DIGE offers the
advancements in the differential labeling of proteins can be applied
in 2D-based gel electrophoresis or liquid chromatography.
Differential labeling offers the advantage of comparing several
samples (control vs experimental) in a single experiment. [48-51].
The test is selected such that it reveals the consequence of a specific
condition including the effects of disease, stress, temperature, drugs
etc. Differential labeling approach is the most commonly used in 2DDIGE. Using this technique, thousands of fluorescently labeled
proteins are analyzed to determine changes in protein expression
and post-translational modifications [43, 51]. Residue (cysteine,
tyrosine, lysine, and histidine modifications) specific fluorophores
provides great advantage to probe specific properties of a protein.
2D-DIGE is becoming popular to study post-translational
modifications such as oxidation, phosphorylation, ubiquitination,
and palmitoylation. 2D-DIGE can combine with mass spectrometer
or immunoblotting to characterize proteins [52-54].

Fig. 2: Schematic diagram of proteomic approach
The most common approach to separate complex protein mixtures
is by 2-dimensional gel electrophoresis (2D), which separates
proteins in a pH gradient according to isoelectric point in the first
dimension (1D), and in an acrylamide matrix according to
molecular weight in the second dimension (2D). Relative levels of
expression are compared between gels of different samples using
computer algorithms to determine differential protein changes.
Proteins of interest are collecting from the gel, trypsin digested,
and subjected to mass spectrometry for identification and
characterisation. An alternative approach is to pre-label protein
mixtures and separate proteins, or more often peptides, by
multidimensional liquid chromatography. Differences in peptide
levels and protein identification are then performed by mass
spectrometry.
c- Mass spectroscopy (MS)
Mass Spectrometer measures the mass to charge ratio of gas-phase
ions. Fundamentally, mass spectrometers contains an ion source
which converts analyte molecules into gas-phase ions, a mass
analyzer which separates ionized analytes based on mass to charge
ratio, and a detector that counts the number of ions at each mass to

charge value [55]. Since past several decades mass spectrometry has
been popularly used to analyze biological samples and has been
evolved into an indispensable tool for proteomics research [56]. This
technique is ultra-sensitive, offers tremendous resolution to detect
digested peptides or intact proteins in complex mixture [57, 58].
Recent development of a novel mass spectrometer (Orbitrap) and
new methods of dissociation (e.g. electron transfer dissociation) has
made it applicable in new areas of proteomic application. With the
help of stable isotope labelling, mass spectrometry allows to
measure dynamic changes in protein expression, modification and
interaction. In principle, mass spectrometers can be coupled with
1D, 2D-PAGE, liquid chromatography and capillary electrophoresis
and can achieve sensitivity down to the femtomole level [59]. The
major obstacles in applying mass spectroscopy to study neuroproteomics are limitations in availability of samples, which block
most neuro-proteomics experiments. Although bottom-up
proteomics (analysis of proteolytic peptide mixtures) remains the
workhorse for proteomic analysis, middle-down and top-down
strategies (analysis of longer peptides and intact proteins,
respectively) should allow more complete characterization of
protein isoforms and post-translational modifications.
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d- Matrix-assisted ionization-time of flight (maldi-tof-ms)
Matrix-assisted laser desorption/ionization (MALDI) is one of the
most common protein and peptide ionization techniques due to the
exquisite speed and sensitivity [60]. It allows the identification of
protein separated/isolated by 1D, 2D-PAGE or liquid
chromatography. The availability of highly sensitive and highresolution instrumentation and high capacity and fast computers,
together with the availability of highly rich protein databases, makes
MALDI-TOF-MS technique of choice for protein identification and
characterization. In principle, using this technique hundreds to
thousands of proteins can be identified in a single run [61]. Proteins
are usually digested into smaller fragments (peptides) with a
proteinase (e.g. trypsin). Digested proteins are linked with an acidic
matrix and applied to a stainless steel plate (MALDI). The mass of
peptides are detected by the mass spectrometer in different ways
[62]. Time of flight mass spectrometry (TOF-MS) is a method of mass
spectrometry in which peptides fly down a flight tube and the flight
time to reach detector is measured which is proportional to mass of
peptides [63]. The mass spectrum is converted into a list of peptide
masses and searched against the extensive genome and proteome
databases, translated and trypsin digested in silico [64]. Every
protein has an unique peptide mass fingerprint (PMF) due to its
characteristic amino acid sequence. Therefore, peptide masses
calculated by the mass spectrometer can identify the protein from
the millions of proteins in the database. Some other detectors
coupled with MALDI are quadropoles, ion traps and Fourier
transform ion cyclotron resonance (FTICR) to for specific purposes
such as detecting large biomolecules [65]. MALDI-based tissue
imaging is a great advantage and allows the possibility of generating
3D molecular images of the brain areas which could be useful to
study the dynamic evolution of sub-proteomes [66, 67].
Tandem mass spectroscopy (MS/MS)
In the past two decades advancement in the instrumentation,
databases, search algorithms and scoring criteria have been made
which allows to determine the amino acid sequence (primary
structure) of the proteins in complex biological samples. This is
achieved by tandem mass selection or mass separation (MS/MS)
mode of mass spectroscopy [68]. Tandem MS/MS followed different
strategies. Initially ions or peptides are generated and selected by
MS which are subjected to fragmentation into small pieces. The mass

of resulted ions are measured. The mass of secondary ions are
decoded into protein sequence information which is subsequently
searched against large protein databases for protein identification
[69-71]. In comparison to normal mode of MS operation, the
background level is very low in MS/MS mode of operation which
consequently makes it highly sensitive [72]. Moreover, high-quality
of peptide fragments obtained if MALDI ion source coupled to tow
TOF analyzers [73]. Thus, tandem MS/MS technique is exceedingly
powerful to perform high throughput studies and able to identify
point mutations or post-translational modification in complex
biosamples. Now this technique also applied to relative
quantification of proteins without need of prior gel separation.
Isotope coded affinity tags (ICAT)
Isotope coded affinity tags (ICAT) is a high throughput MS based
technique for quantitative proteomics. It relies on chemical labelling
reagents and does not require gel separation [74]. Usually cysteine
specific reactive reagents are used to label pathological and healthy
biosamples (e.g. cancer vs normal cells) with heavy or light weight
isotopes. After labelling complex protein mixtures are digested
broad spectrum proteinases (such as trypsin) and the peptides are
analysed by MS. Thus, ICAT allows to perform direct qualitative and
quantitative comparisons of complex protein compounds [75-77].
The relative abundance of particular peptides and protein
identification are simultaneously made in each sample. In addition
to cysteine labelling, derivatization of primary amino groups in the
intact proteins are also developed which is the basis of isotope tags
for relative and absolute quantification (iTRAQ™) [78, 79]. After
labelling with iTRAQ reagent, the differentially labelled proteins do
not differ in mass due to isobaric mass design of the iTRAQ reagents.
Therefore, corresponding digested peptide fragment appear as
single peak in MS. Stable isotope labelling with amino acids in cell
culture (SILAC) is another useful quantification technique for
investigation of differential expression of proteins in two separate
cellular populations [80]. SILAC is a simple and consistent technique
for impartial comparative proteomic research. It has been utilized to
study various kinds of post-translational modifications such as
protein methylation, phosphorylation, to illustrate signalling
pathways and to determine specific protein interactions [81-83]. In
SILAC techniques, cells are cultured with in a natural amino acid
deficient synthetic media and supplemented with a monoisotopically
(e.g. carbon or nitrogen) labelled amino acid [84].

Fig. 3: (Adopted from Amersham Biosciences,http://www1.amershambiosciences.com and work of Knowles et al., 2003.) 2D-fluorescence
difference gel electrophoresis workflow.
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Protein samples to be compared are covalently labelled with either
Cy3 or Cy5 fluorescent dyes. An internal control, to be run on every
single gel in the experiment, is labelled with Cy2. All three samples
are combined and separated on the one 2D-gel, thus eliminating gel
to gel variation. The single gel is scanned at three different
wavelengths to generate an image specific for each CyDyeTM fluore.
The DeCyderTM software (Amersham Biosciences, GE Healthcare)
normalises the test samples to the internal control, and then
overlays the two test samples to identify changes in expression
levels of individual protein spots. A 3-dimensional view of matched
proteins is generated to ensure correct detection of protein spots. As
all gels are run with the same internal standard, multiple gels from
numerous experiments can all be compared with statistical
confidence.
Imaging mass spectrometry (IMS)
Imaging Mass Spectrometry technique is used for visualization of
spatial distribution of different compounds such as proteins,
peptides, metabolites, biomarkers etc. by their characteristic
molecular masses. This is an emerging technique which
combines the specificity and parallel detection of MS with
microscopic imaging capabilities [85]. Sample preparation,
sensitivity of the ionization step, speed and spatial resolution
are important variable in this technique. Emerging technologies
in the field of IMS are secondary ion mass spectrometry (SIMS)
and matrix-assisted laser desorption/ionization (MALDI)
imaging of biosamples. Significant advancements have been at
different steps of these techniques [86, 87]. IMS is a promising
technique for discovery of biomarkers by MS in the tissue
biopsies. Protein expression has been directly visualized by in
situ MS analysis of healthy and pathological tissues. Frozen
tissue samples are sliced and a small piece are placed on the
MALDI plate and examined at regular intervals. The MS data
obtained at different time points are evaluated between normal
and diseased samples, resulting a spatial distribution of
individual masses which reveal the pattern of different protein
expression in normal and diseased tissues [88-90].

Surface-enhanced laser desorption/ionization is an ionisation
technique used for analysis of protein mixtures in time of flight mass
spectrometer. In SELDI-TOF-MS modified target is used to achieve
biochemical affinity with the protein of interest. In SLEDI, protein
mixture is applied on chemically active surface to bind. Binding of
protein of interest on SELDI surface acts as a separation step and
ease the data analysis. The unbound proteins are washed away and
the bound proteins on the surface are detected and analysed in
SELDI-TOF-MS mode. The molecular weight and amount of the
bound proteins are estimated by TOF-MS. Depending upon
properties of target protein, SELDI surface usually includes ion
exchange (cation or anion), IMAC, hydrophobic or affinity (antibody,
ligand or other proteins) surfaces [91-93]. The SELDI technology is
useful in the identification and characterization of proteins involved
in the pathogenesis [94]. The SELDI-MS have been used for
identification of biomarkers for ALS [95]. SELDI based MS is useful
for rapid, sensitive and high-throughput studies of biomarkers.
Procedure for preparing the ProteinChip Arrays with biological
samples and for analyzing the retained proteins by SELDI-TOF-MS
using a ProteinChip Reader.
Protein microarray
The limitation in the proteomics tools have led to the development
of novel miniaturized tools for the proteomic research. Protein
microarray is one of the emerging technology in this field [96, 97].
The concept of protein microarray is similar to DNA microarray
which allows studies of thousands of genes in a single experiment.
Protein microarray can be combined with other techniques such as
MS and 2D-DIGE to characterize specific proteins which interact
with antibodies, peptides, other ligands coupled on solid surfaces. In
neuroproteomics, protein microarrays could be utilized to calculate
changes in protein level, their modifications and interactions in the
nerve cells. Protein lysate from nerve cells could be simply mixed
and incubated with array of antibodies against protein of interest.
Using this technique molecular association of large number of
proteins could be studied in one run [98].

Surface-enhanced laser desorption/ionization (SELDI)
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Fig. 4: (Adapted from Guru & Enrique 2003). Protein profiling protocol.

Fig. 4: (Adapted from Sydor & Nock, 2003). Basic principle of a protein expression profiling array and different detection pattern.

(A) Capture agents with different analyte specificity are immobilized
on a surface. (B) Incubation with samples (protein) leads to specific
capture of target proteins in a concentration dependent manner. (C)
After washing, the specificity bound target protein can be visualized
by different types of detection, for example (1) direct fluorescence
labelling of the analyte with a fluorophore (f) labelled prior to the
experiment, (2) targeted protein detection by a fluorescentlylabelled detection antibody or (3) an enzyme-conjugated detection

antibody, conceding an ELISA-based detection with a fluorescent,
chemiluminescent or colorimetric readout.
CONCLUSION
This review is intended to introduce the concepts, techniques,
applications and advancement in neuroproteomics. Studies of
neuroproteomics require multiple techniques for sample
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preparation, fractionation, and identification. The combination of
these approaches produces gigantic data. To make useful function of
each protein must be identified. Therefore, combining highly
sensitive and high-throughput techniques will help to understand
networks of protein interaction and dynamics.
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