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Proteomics in Computer-Aided Drug Design
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Abstract: Proteins are functional molecules in cells and are the major targets for drug action. To design a
rational drug, we must firstly find out which proteins can be the drug targets in pathogenesis. Proteomics has
great promise in identification of protein targets and biochemical pathways involved in disease processes.
Proteomics as a whole increasingly plays an important role in the multi-step drug-development process. The
process includes target identification and validation, lead selection, small-molecular screening and
optimization, and toxicity testing. Furthermore, sub-disciplines such as computational proteomics, chemical
proteomics, structural proteomics and topological proteomics offer significant contributions especially in
computer-aided drug design. This review will summarize the recent progress in pharmaco-proteomics and the
discipline's potential application in computer-assisted drug design.
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1. COMPUTER-AIDED DRUG DESIGN

In principle, the drug discovery process involves three
pre-clinical stages before clinical trials, namely target
selection, lead identification, and clinical candidate selection
(Fig. (1)). Due to rapid advances in structural biology and
computer technology, structure-based computer-aided drug
design (CADD) using docking techniques, virtual screening
and library design, along with target/structure focusing
combinatorial chemistry, has become a powerful tool in the
multi-step process of drug discovery. As an emerging
technology, CADD accelerates drug development by making
use of the accumulated information of existing drugs and
diseases, combined with inter-disciplinary inputs from other
fields. This process extensively uses mathematical models
and simulation tools based on the evaluation of potential
risks from drug safety and the experimental design of new
trials [1-3]. During the early 1980s, structural biologists
began to design rational drugs based on protein structures.
The first projects were underway in the mid-1980s, and the
first successful stories, computer-aided rational design of
peptide-based HIV-proteinase inhibitors, were published by
the early 1990s [4, 5]. From then on, CADD has become a
vital technique in drug candidate screening. The most recent
example includes the structure based design of anti-SARS
drug, a proteinase inhibitor of viral main proteinase Mpro
(or 3CLpro) [6].

As the first step in structure-based CADD, the three
dimensional (3D) structure of a target protein or nucleic acid
is determined by X-ray crystallography [7] or NMR [8].
Using recently constructed protein and nucleic acid databases
(Table 1), new computational methods use the 3D structural
information of the unliganded target to design entirely new
lead compounds de novo. In this way, large virtual
combinatorial libraries of compounds can then be screened
computationally before going to the effort and expense of
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actual synthesis and biological studies. The ability to
rapidly and accurately dock large numbers of candidate
molecules into the binding site of a target macromolecule is
a key component of lead generation in structure-based drug
design [9, 10]. The most widely used computational
docking method is the program DOCK [11] which has been
and continues to be developed by Kuntz and his colleagues
at the University of California and other scientists
worldwide [11-14]. The success application of DOCK
includes the in silico virtual high throughput screen for high
affinity cytochrome p450cam substrates [15] and the
computer-assisted design of selective imidazole inhibitors
for cytochrome p450 enzymes [16]. Besides DOCK,
numerous other programs have been created for virtual
screening. Programs such as ADAM [17, 18], AutoDOCK
[19-21], FlexX [15, 22-24], and SLIDE [25-27], and other
dock databases of compounds can score candidate molecules
according to their interactions with the selected site of target
protein. De novo generation of ligands can be performed
with computer programs including 3D-QSAR [28-30],
DISCO [31], GRID [32-35], LUDI [36-38], MCSS [32, 39],
and PASSA [40].

With the rapid accumulation of biological and chemical
information, CADD has been dramatically reshaping research
and development pathways in drug candidate identification.
On the other hand, the escalating number of therapeutic
candidates are increasing demand on new technologies and
strategies to streamline the process of screening for safe and
effective therapies. This has inspired the application of
molecular approaches including proteomics in an attempt to
identify and validate drug candidates effectively in recent
years.

2. PROTEOMICS IN COMPUTER-AIDED DRUG
DESIGN

2.1 Proteomics

The proteome is the entire protein complement expressed
by a genome, and proteomics is the study of the proteome
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Fig. (1). Schematic flow diagram of drug design and screening process.

[41, 42]. Proteomics is a research field that involves large- conditions such as drug treatment [43-45]. The ultimate goal
scale identification, characterization, and quantitation of of proteomic analysis is a comprehensive and quantitative
proteins expressed in a cell, tissue, or organism under given description of protein expression and alterations associated
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Table 1.
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Database Description

UTL

Ontario Center for Structural Proteomics

http://www.uhnres.utoronto.ca/proteomics/

Network service for comparing protein structures in 3D

http://www.ebi.ac.uk/dali/

Databases and Tools for 3-D Protein Structure Comparison and Alignment

http://cl.sdsc.edu/ce.html

Integrated Sequence—Structure Database

http://www.protein.bio.msu.su/issd/

PROCAT 3D enzyme active site templates

http://www.biochem.ucl.ac.uk/bsm/PROCAT/PROCAT html

Structural Classification of Proteins

http://scop.mrc-lmb.cam.ac.uk/scop/

Topology of Protein Structure

http://www.tops.leeds.ac.uk/

TopNet for Topological Proteomics

http://networks.gersteinlab.org/genome

Biolmolecular interaction network database

http://www.blueprint.org/bind/bind.php

Protein Data Bank

http://www.rcsb.org/pdb/

Protein sequence analysis and structure prediction

http://www.embl-heidelberg.de/predictprotein/predictprotein.html
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Fig. (2). A example for work flow of proteomic approach. We take drug-treated cells compared to untreated cells by 2DE, and protein

marker discovery by Protein Chip array as models.
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with biological perturbations under a given condition. This
post-genomic technology provides a direct measurement of
the presence and relative abundance of proteins, and reveals
the consequence of protein functioning in establishing the
biological phenotype of organisms in healthy and disease
states. Proteins constitute the vast majority of drug targets
for pharmaceutical drug design processes. By studying
interrelationships of protein expression and modification in
health and disease or drug treatment, proteomics contributes
important insights into determining the pathophysiological
basis of disease [46], validating drug targets [47], and
illustrating drug action [48], toxicity and side effects [49].
Table 2 summarizes the major technological platforms in
proteomics and their applications in drug discovery. Besides
these vital experimental methods for proteomics, sensitive
fluorescent dyes have also been developed at Oxford Glyco
Sciences (OGS, UK) for detection of low abundant proteins
[50]. Fig. (2) shows general workflows of the proteomic
approaches of two-dimensional gel electrophoresis (2DE) and
protein chip. In this review article, we aim to briefly
summarize the recent progresses in pharmaco-proteomics and
their potential application in CADD.

2.2 Proteomics in the Multi-step Process of Drug
Discovery

Drugs exert their actions mainly by targeting functional
proteins. Therefore, it appears straightforward to focus on
proteins in order to investigate drug effects. Unfortunately, it
is not easy to screen for protein alterations because of their
high complexity. Traditional methods such as NMR
analysis [51, 52] or yeast two hybrid systems [53, 54] for
mapping protein-protein interactions are laborious and
cannot meet the need for large scale analysis. Recently
developed proteomic approaches have dramatically increased
the efficiency and applicability of mapping drug-protein and
protein-protein interactions. Proteomics can provide valuable
information for drug discovery including target identification
and validation [55, 56], lead selection [57], small-molecular
screening and optimization [58, 59], and toxicity testing
[60, 61].

The opportunities offered by proteomics are not limited
to a list of proteins. Instead, the scope of proteomics covers
the analysis of protein cellular activities and functions,
including the characterization of the flow of information
within the cell. For example, protein networks provide
information on signal transduction pathways that control cell
apoptosis. We performed comparative proteomic analysis of
cellular proteins altered by gold (II) porphyrin and cisplatin
(as a positive control) treatments, and found that altered
protein expression provided information on the mechanism
of gold (III) porphyrin as a potential anticancer lead
(unpublished data). Another proteomic analysis
demonstrated that high levels of arsenite target oxidative-
stress pathways leading to apoptosis in rat lung epithelial
cells [62].

Besides drug target identification, validation and lead
selection, proteomics can also be used in toxicity testing.
The Early Detection Research Network in the National
Cancer Institute is employing proteomics in the discovery
and evaluation of biomarkers for cancer detection and for the
identification of high-risk subjects (http://dtp.nci.nih.gov/
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branches/gcob/gcob%S5Fweb27.html) [63]. Combined with
traditional biochemical methods, proteomics has been used
to elucidate mechanisms of toxic damage in several model
systems [64-66]. Bandara et al. have found several markers
correlated to kidney toxicity of 4-Aminophenol, D-serine,
and cisplatin by proteomic evaluation [67]. Using proteomic
analysis combined with Western blot, Zhang et al. identified
that the increased levels of heat shock protein 70 was
involved in estrogen and androgen protection of human
neurons against intracellular amyloid [3;_4 toxicity [68].

2.3 Sub-disciplines of Proteomics in Computer-Aided
Drug Design

Recognized for their special contribution in drug
discovery, a series of sub-proteomic technologies, including
computational proteomics, chemical proteomics, structural
proteomics, and topological proteomics, are increasingly
integrated into emerging drug design research fields.

2.3.1 Computational Proteomics

Computational proteomics refers to the large-scale
generation and analysis of 3D protein structural information
[69]. Accurate prediction of protein contact maps is the
beginning and essential step for computational proteomics.
The major resources for computational proteomics are
currently available protein and nucleic acid structures. The
3D-GENOMICS (http://www.sbg.bio.ic.au.uk/3dgenomics/)
[70] and PDB (http://www.rcsb.org/pdb/) [71], and other
databases (Table 1) provide a broad range of structural and
functional annotations for proteins from sequenced genomes
and protein 3D structures, which make a solid foundation for
computational proteomics.

2.3.2 Chemical Proteomics

Chemical proteomics makes use of synthetic organic
chemistry, cell biology, biochemistry, and mass
spectrometry to design specific protein-modifying reagents
that can be used for functional studies of distinct proteins
within a certain proteome [72]. The most important tool of
this field is carefully designed chemical probes that can
specifically target diverse sets of enzyme families. A
chemical probe contains three parts, a reactive ligand that can
covalently bind to the target protein/enzyme, a linker region
modulating the reactivity and specificity of the reactive
ligand, and a tag for identification and purification of the
target protein/enzyme [72, 73]. Several kinds of chemical
probes have been used in proteomics studies, for example,
serine hydrolase probes [74], S-transferase probes [75], and
phenyl sulfonate probes [76].

2.3.3 Structural Proteomics

Structural proteomics is the determination of the
relationship of all the proteins or protein complexes in a
specific cellular organelle and the establishment of the
relationship of these proteins in a proteome-wide scale [43,
77]. Combining structural biology with computational and
medicinal chemistry, structural proteomics can help design
drugs effectively. The major goal of structural proteomics is
to determine the 3D structures of as many as possible
proteins, so that other proteins in an organelle can be
computationally modeled on the basis of similarity of their
amino acid sequences [78, 79].
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2.3.4 Topological Proteomics

Topological proteomics aims at localizing and
characterizing entire protein networks within a single cell,
providing quantitative insights into their basic organization,
which are valuable information in identifying new drug
targets and selecting potential lead compounds [80, 81]. The
proprietary technology, Multi-Epitope-Ligan Kartographie
(MELK), is an ultra-sensitive topological proteomics
technology for analyzing proteins on a single cell level.
MELK can trace out large scale subcellular protein patterns
simultaneously within a cell, hence unravelling hierarchies
of proteins related to a particular cell function or dysfunction
[82]. Another topological proteomic program, TopNet, is an
automated web tool designed to facilitate the analysis of
interaction networks, which is available from TopNet [83]
(Table 1).

3. CURRENT ACHIEVEMENTS AND POTENTIAL
APPLICATION OF PROTEOMICS IN COMPUTER-
AIDED DRUG DISCOVERY

3.1 Identification of Drug Targets

Drug target discovery, which involves the identification
and early validation of disease-associated targets, is the first
step in the drug discovery pipeline. Disease involves
alterations in protein expression and modification and thus
offers a basis for detection of drug targets through examining
the protein expression profiles. Altered proteins in disease
are candidates of drug targets that can be validated by
modulating the proteins’ activities in a model system to
determine the outcome on disease phenotype (target
validation). Proteomics is an effective means to globally
view and detect protein expression alterations in disease and
drug treatment and thus serves in both processes of target
identification and validation.

Examples using proteomic approaches for target protein
discovery include the identification of transforming growth
factor-beta in lung epithelial cells [84] and pancreatic
carcinoma cells [85, 86], plasma membrane proteins in
breast cancer [76, 77], BCNP1 and MIG2B in chronic
lymphocytic leukemia [88], and heat shock protein 90 alpha
for tumor cell invasiveness [89]. Others have applied pre-
precipitation steps prior to the proteomic approach to
identify targets in signaling pathways or certain cellular
reactions. By using tandem affinity purification and
nanospray microcapillary tandem mass spectrometry together
with two-dimensional electrophoresis, Kumar et al. has
reported their comprehensive analysis of thioredoxin-targeted
proteins in Escherichia coli. They found a number of
proteins associated with thioredoxin that either participate
directly (SodA, HPI, and AhpC) or have key regulatory
functions (Fur and AcnB) in the detoxification of the cell
[90]. The thioredoxin targets in the unicellular
photosynthetic eukaryote Chlamydomonas reinhardtii have
also been identified by proteomics approaches [91]. With an
efficient proteomics method, Godl ef al. have identified the
cellular targets of protein kinase inhibitors, and this target
may have significant implications on the development of
p38 inhibitors as inflammatory drugs [92].

Proteomics can also be used to validate potential protein
targets for those highly effective, widely used or newly
available drugs with unknown action mechanisms. For
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instant, heat shock protein 70 has been reported as a target of
farnesyl transferase inhibitor in ovarian cancer 2774 cell line
[93] and heat shock protein 90 as a direct target of the anti-
allergic drugs disodium cromoglycate and amlexanox [94].
Cellular response of yeast cells to lithium [95] and the
enzyme active sites through labeling enzyme targets by
sulfonate ester probes [96] have also been investigated by
proteomic approaches.

Functional proteomics is particularly useful for mapping
protein-protein interactions and for identifying potential
targets. Protein-protein interactions, or receptor-ligand
interactions, play a critical role in cellular processes such as
signal transduction, and thus are essential for the
understanding of basic biological processes [97]. In this
regard, proteomics is often combined with other methods to
study protein-protein interactions in developing suitable
drug targets. Serebriiskii ef al. used an enhanced Dual Bait
two-hybrid system together with proteomic approaches to
detect peptides, proteins and drugs that selectively interact
with protein targets [98]. Other researchers applied luciferase
complementation imaging together with proteomics to study
kinetic regulation of protein-protein interactions [99].
Rodriguez and his colleagues reported an oriented peptide
array library (OPAL) approach to facilitate high throughput
proteomic analysis of protein-protein interactions [100]. The
interaction of the SCF-like ubiquitin ligase was
demonstrated as a potential target of drugs to control
differentiation [101].

3.2 Drug Mechanism of Action

Once a target protein is validated, the task of identifying
chemical compounds that can appropriately modulate the
target can be performed by proteomic techniques, and the
cellular mechanisms of drug candidates can also be examined
through proteomic analysis. Action mechanisms are the
biochemical basis of drug activity. Understanding drug
action modes provides valuable insights for drug
modification and new drug design. Investigation of altered
protein expression in response to drug treatment in
established model systems is a commonly used strategy to
examine drug action mechanism.

There are numerous examples of research aimed at
mapping signaling pathways that are involved in disease
processes. A group of researchers investigated apoptotic
pathways involved in the selection of inhibitors of fatty acid
synthase [59]. LAF389, a synthetic analogue of bengamides,
has been found to directly or indirectly inhibit methionine
aminopeptidases (MetAps) by a proteomics-based approach.
Additionally, a structural study revealed that three key
hydroxyl groups on the inhibitor coordinate the di-cobalt
center in the enzyme active site [102]. MacKeigan et al.
found that taxol activated the pathways of mitogen-activated
protein kinase (MEK)/extracellular signal-regulated kinase by
implementing a proteomic approach. By combining with
MEK inhibition, taxol synergistically enhances apoptosis by
altering the expression of the proteins RS/DJ-1 (RNA-
binding regulatory subunit/DJ-1 PARK7) and RhoGD]Ialpha
(Rho GDP-dissociation inhibitor alpha) [103]. RhoGDI
alpha.

Oxidative stress is a major area of drug treatment. Our
proteomics analysis revealed that arsenite induced apoptosis
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by stimulating the oxidative stress pathway [62]. Young and
his collaborators showed that Ras-mediated oncogenic
transformation of ovarian epithelial cells was through
activation of antioxidant pathways [104]. The effect of a
novel drug lead, IBTP (4-iodobutyl triphenylphosphonium),
for ovarian cancer treatment was found to mainly act on
mitochondria through oxidative stress [105]. Further
proteomics analysis reported that a major cellular response to
oxidative stress was the modification of several
peroxiredoxins [106].

Apoptosis, or programmed cell death, is a tightly
controlled multi-step cellular event. Proteomic approaches
have been increasingly employed in mapping out the
apoptosis pathways involved in chemotherapy. Trichostatin-
A (TSA) was found, through proteomic profile analysis, to
cause apoptosis in a pancreatic adenocarcinoma cell lines
(Pacad44) at G2 arrest [107]. Combining proteomic
approaches together with other biological tests, Mclilton et
al. demonstrated that protein kinase cepsilon interacted with
Bax and promoted survival of human prostate cancer cells
[108]. Ueda’s results of two-dimensional immunoblots
suggested that the p38 MAPK- MAPKAP kinase 2- BAG2
phosphorylation cascade may be a novel signaling pathway
for response to extracellular stresses [109]. Research data
from a proteomic-based screening suggested that protein
turnover inhibition of caspase-dependent proteolysis by the
degrading proteasome was a general event in programmed
cell death from Drosophila to mammals [110].

Considering the molecular complexity of entire
proteomes in tissues and cells, more researchers have applied
proteomic analysis to sub-cellular fractions. A group of
scientists in the Sidney Kimmel Cancer Center (San Diego,
California) used subtractive proteomics and bioinformatics
to analyze endothelial cell surface proteins, and found two of
these proteins, aminopeptidase-P and annexin Al, as
selective in vivo targets for antibodies in lungs and solid
tumours respectively [111]. Such sub-cellular analysis has
also been performed on mitochondria, and S-nitrosylation of
cysteine thiol was shown to be a significant part of nitric
oxidation mediation [112]. Other scientists have reported
that mitochondrial translocation of the actin-binding protein,
cofilin, was an early step in apoptosis induction [113]. The
signaling pathways of membrane proteins [114, 115],
endoplasmic reticulum [116, 117], and golgi apparatus [118]
have also been investigated by proteomics.

3.3 Drug Toxicity and Side Effects

Given the low success rate in drug development,
detection of potential toxicity and side effects in early stages
of drug candidate identification can save money and time by
focusing resources on those safe drug leads and candidates.
By establishing a database that defines the response of a
tissue proteome to specific drugs, comparative proteomics
can be used to determine the propensity for a new
compound. Proteomic signatures can also be constructed
based on the toxicity responses previously observed with
known agents. This can provide information to screen
similar compounds for modification and improvement in
drug design.

Currently, many studies focus on the mechanism of toxic
damage by existing drugs, especially in the liver, kidney and
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cardiovascular system. Venkatraman et a/. have identified
the modification of mitochondrial proteins in response to
ethanol-dependent hepatotoxicity, and demonstrated that
chronic ethanol consumption extended to a modification of
the mitochondrial proteome much broader than realized
previously [49]. Meneses-Lorente et al. reported a proteomic
signature associated with hepatocellular steatosis in rats after
dosing with a compound in preclinical development [118].
Evaluation of drug toxicity to kidney was also performed by
proteomic approaches [67, 120].

Studies of drug toxicity related biomarkers are also of
great importance for drug screening. Proteomic and
immunological techniques were used to identify in vitro
protein biomarkers of idiosyncratic liver toxicity by Gao and
his colleagues, and revealed that BMS-PTX-265 and BMS-
PTX-837 were potential toxic biomarkers for up to twenty
drugs [121]. Human aldose reductase-like protein-1 (hARLP-
1) was the most prominent tumor-associated AKR member
detected by proteomic approaches as a strong candidate for
immunohistochemical diagnostic marker of human HCC
[122].

Besides toxicity, drug resistance is another important
reason for the failure of chemotherapies. A systematic
proteomic approach for the study of chemoresistance
mechanisms of vindesine, etoposide and cisplatin was first
undertaken by Sinha et al. [123]. Differential proteomic
analysis of vinca alkaloid-treated drug-sensitive human
leukemia cells (CCRF-CEM) showed that numerous
proteins were involved in drug resistance, and some of them
could be novel targets for elucidation of resistance
mechanisms [124]. Comparative proteomic analysis revealed
that methionine adenosyltransferase and S-
adenosylmethionie played unique roles in methotrexate
resistance in leishmania [125]. Bernstein ef al. found that
resistance to deoxycholate-induced apoptosis was modulated
by over-expression of multiple anti-apoptotic proteins and
under-expression of multiple pro-apoptotic proteins [126].
By proteomic analysis, landmark proteins for insulin
resistance [127] and protozoan parasite leishmania resistance
[125] have also been reported. In mapping out mechanisms
of drug resistance, one important issue is to differentiate
adaptive and acquired resistance. By using proteomic
analysis associated with cadmium adaptation in U937 cells,
Jeon and his collaborators found that a newly identified
protein, calbindin-D28k, is the secondary cadmium-
responsive protein that conferred resistance to cadmium-
induced apoptosis [128]. The rich information obtained from
proteomic study will accelerate lead identification and drug
modification and improve drug efficacy and safety in pre-
clinical and clinical studies.

3.4 Proteomic Signatures (biomarkers) for Determining
Clinical Effects

Biomarkers are usually proteins that have their
expression altered in response to a disease condition.
Biomarkers can be used as signatures to determine drug
efficacy and clinical effects. Biomarkers can also be drug
targets for further development [129]. In proteomics, the
challenge is to identify unique molecular signatures in
complex biological mixtures that can be unambiguously
correlated to biological events in order to validate novel drug
targets and predict drug responses.
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Table 2. Major Technological Platforms for Proteomics
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Technique 2DE
(Two-Dimensional Electrophoresis)

ICAT
(Isotope-Coded Affinity Tags)

Protein Chip
Array

Separation based on: Molecular weight and isoelectric

point

Surface affinity and molecular weight

Chemical labeling and relative
abundance

MALDI-TOF MS
MS/MS

Protein ID identified by:

SELDI-TOF MS
MS/MS

LC-ESIMS/MS

Applications in drug discovery Biomarker discovery
Drug screening
Action mechanisms

Toxicity

Biomarker discovery
Drug screening
Diagnosis

Biomarker discovery
Diagnosis

Remarks Suitable for cell line, tissue, serum
etc.;

Identification of over 1000 proteins
at the same time; Wide detection
range (6-200kDa);

Not suitable for low abundant
proteins, and very alkaline or very
hydrophobic proteins;
Affected by post-translational
modifications, including
pohosporylation, glycosylation, etc.

Significant result (accurate molecular

Labled with biotinylated tags
before analysis;

Capture, detect and analyze proteins
directly from crude biological

samples; Detection and quantitation of low-
Low limit of detection (< fmole of abundance regulatory proteins;
protein); Suitable for abundances of light
Small sample size (<5 pl); and heavy proteins;
Rapid results; Not suitable for post-translational

modified proteins;
weight); More automated.
Wide detection range (0-300 kDa);

More automated.

Proteomics has emerged to be a powerful approach for
directly identifying highly predictive pharmacogenomic
markers in blood or tissues. Previously, we have reported
the proteomic analysis of oral tongue carcinoma to globally
search for tumor related proteins [130]. A number of tumor-
associated proteins were consistently found to be
significantly altered in their expression levels in tongue
carcinoma tissues, compared with their paired normal
mucosae. These proteins are potential biomarkers for tongue
carcinoma diagnosis and therapeutic monitoring. A similar
analysis for buccal squamous cell carcinoma also produced
biomarker candidates that can be the proteomic signature for
diagnostic and treatment [131]. Hepatocarcinoma is another
cancer that received much attention recently. Several
biomarkers have been identified by proteomic approaches,
such as aldose reductase-like protein (ARLP) [122],
cytokeratin 19 [132], and ferritin light chain [133].
Proteomic approaches have also been applied to biomarker or
antigen identification for other cancers, including prostate
cancer [73, 75, 134], bladder cancer [17, 135, 136], and
ovarian cancer [137-139].

Advances of proteomic technology also hold great
promise for improvements in the understanding, diagnosis
and therapy of central nervous system disorders. Jin ef al.
revealed a role of stathmin in adult neurogenesis by
proteomic and immunochemical characterization [140].
Others have reported that collapsin response mediator protein
(CRMP-2) was a marker of changes developed in rat
hippocampus [141]. Great efforts have been made in
searching for new and accurate biomarkers for cardiovascular
system disease [142, 143], HBV and HCV [144, 145], and
arthritis [146].

Biomarker discovery could make great contributions to
the characterization of the pharmacology of drug candidates
and to the understanding of diseases subtypes to which a
therapeutic intervention applies. Proteomic approaches have

been proved to be promising techniques in the process of
biomarker discovery.

4. FUTURE PROSPECTS

The successful stories of proteomics application in drug
discovery in recent years have demonstrated the potential
value of proteomics in drug development. Proteomic
approaches can provide valuable information for target
identification and validation, lead selection, small-molecular
screening and optimization. In particular, those sub-
disciplines of proteomics have demonstrated promising
application for CADD. However, application of proteomic
approaches is rather limited at present due to its inefficiency
in detecting low abundant or post-translationally modified
proteins. With the development of related techniques,
proteomics is sure to play a more important role in rational
drug design. The key point to drug development in the
future is the integration of proteomics with CADD to use
the vast amount of information and techniques available for
accelerating drug discovery process.
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ABBREVIATIONS

2-DE = 2-dimensional gel electrophoresis
CADD = Computer-aided drug design

p! = Isoelectric point
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ICAT

LC-ESI MS/MS =

= Isotope-coded affinity tags

Liquid chromatography-electrospray
ionization tandem MS

MALDI-TOF = Matrix-assisted laser desorption
ionization time of flight

MELK = Multi-Epitope-Ligan Kartographie

MS = Mass spectrometry

SELDI = Surface enhanced laser desorption
ionization
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