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ABSTRACT. Gene medicine is making breakthroughs in health 
questions that have baffled humanity for centuries. To understand and 
utilize gene medicine, it is necessary to realize its action against targets 
at the molecular level. Currently, many methods can be used to discover 
drug targets; among these, genomic and proteomic methods are the 
two most important. In this study, we introduced how to discover drug 
targets by genomic and proteomic methods in detail. These contents are 
beneficial for understanding and utilizing the two methods to discover 
new drug targets of gene medicine.
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INTRODUCTION

Gene medicine is making breakthroughs for health questions that have baffled human-
ity for centuries. At present, it is one of the medical disciplines that affect all aspects of human 
health, including allergies, bone growth, and cell development. With the development of the 
human genome project and bioinformatics, more and more gene medicine applications have 
come forward (Rolland, 1998; Kim, 2011). Target discovery, which involves the identification 
and early validation of disease-modifying targets, is an essential first step in the drug discovery 
pipeline (Lindsay, 2003).

Human diseases are correlated with many factors, including genetic and environmental 
causes. Genomics is focused on only statistical genetic information, while proteomics takes 
into account the genetic information of DNA or mRNA, as well as events after translation, such 
as the stability, structural modification (phosphorylation, glycosylation, nitrosation, ethylation, 
and methylation), and cellular location of protein. Therefore, the information that is obtained by 
proteomic methods is much greater than that by genomics, but it is more difficult to study dis-
ease at the protein level than the nucleic acid level. Today, the discovery of drug targets for spe-
cific diseases requires the understanding and use of both genomic and proteomic information.

The process of drug target discovery within the modern scientific context is quite com-
plex. It integrates many disciplines, including structural biology, metabolomics, proteomics, 
and computer science. The process is generally quite tedious and expensive given the sheer 
number of possibilities of drug-to-target interactions in vivo and the necessity of successfully 
passing rigorous pharmacokinetic studies and toxicology assays prior to even being consid-
ered for clinical trials (Ahn and Wang, 2008).

Genomic and proteomic technologies together with computational methods have led 
to powerful new strategies in basic and clinical research (Ferrer-Alcon et al., 2009; Trist, 
2011). It is useful to reflect on the success of these methods to develop therapeutic strategies 
for human diseases. In this paper, we describe how to discover drug targets by genomic and 
proteomic methods.

GENOMIC METHODS FOR DRUG TARGET DISCOVERY

Identity comparison for new nucleic acid sequences

First, the new gene sequence that was experimentally obtained needs to be compared 
with known drug target genes by basic local alignment search tool (BLAST) or scanning the 
entire genome using the functional motifs of known drug target genes to find relevant func-
tional motifs or ligands by homologous search. It is quite suitable that this kind of strategy was 
used to study apoptosis and the gene families of immune response pathways. For example, 
tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL), a known member 
named apoptosis ligand 2 (Apo2L) in the TNF family, was discovered by searching homologs 
of the TNF family proteins in the expressed sequence tag database (Wiley et al., 1995).

Analysis of gene expression profiles

The gene microarray can be simultaneously used for the parallel detection of gene ex-
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pression levels between 2 groups of samples. Furthermore, multiple groups of samples might 
be compared among them as long as the same control is selected. Moreover, microarrays can 
be used to analyze different cellular mRNA or reverse transcription products that are derived 
from different individuals (healthy persons and patients), tissues, cell cycles, development 
periods, differentiation periods, pathological change conditions, or stimulation conditions (in-
cluding different induction and treatments). The result of this kind of large-scale detection can 
help us comprehensively recognize special expression of these genes. Today, gene microarray 
is a very important application that is used to study gene function. Currently, many biomedical 
companies have accumulated a lot of data on gene expression, and they established databases 
of gene expression using the gene microarray technology. We can sufficiently utilize these da-
tabases to analyze gene function, tissue-specific expression, and regulatory network of a gene, 
and they can be used further to select candidate drug target genes.

Databases of model organisms

There are over 30 model organisms for which whole genomes were sequenced, and 
more than hundreds of organisms are being sequenced. The obtained data resources are help-
ful for functional predictions of genes, especially for pathogenic organisms, and are useful 
for screening drug targets. For instance, this kind of whole-genome sequence information, 
integrated from multiple pathogenic organisms, can be used to screen race-specific genes, 
virulence genes, common genes of pathogenic organisms (conserved genes) specific bacterial 
or viral enzyme genes, and bacterial membrane-translocation proteins. According to our de-
mands, the above genes are candidates that can be used in the design of broad drugs or “magic 
bullet”. Furthermore, we can use this information for early detections of some adverse reac-
tions by homogenous analysis with the genes from human, avoiding needless studies at later 
stages (Zhang, 2009).

Hunting for disease-related genes

The human genome is a dynamic entity. The organism has a set of complicated regula-
tion mechanisms, which were used to regulate protein expression and the response to various 
stimulation factors. Pathogenic change is also a factor; thus, as long as the expression changes 
of a variety of proteins are realized clearly, a drug target to the corresponding disease can 
be found. Therefore, searching for genes that are related to diseases and understanding their 
structure, function, and location in regulatory networks are very significant in screening drug 
targets. Presently, many studies or experimental techniques can be used to identify the genes 
that are related to diseases, including functional cloning, location cloning, gene cloning, or 
transcription mapping of partial chromosomal regions, as well as physical capture, differential 
display, exon hunting, DNA microarray, genome-wide scanning, mutant detection, and com-
parative genomics. Among them, gene differential expression technology is the most popular 
strategy that is used for high-throughput screening.

Analysis of the genes related to drug action

The genes, whose actions are related to current effective drugs, can be used as drug 
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targets and further be used for drug discovery. Chinese medicines, especially, have good cura-
tive effects to some difficult miscellaneous diseases. If we can confirm the targets and mecha-
nism of drug action, this will have profound significance for developing new drugs and mod-
ernizing Chinese medicines. The gene microarray, which is used to analyze the expression 
profile, can be used to study the difference of gene expression in the same individual (before 
and after drug) and then determine which genes are differentially expressed between the two 
conditions. For example, Wilson et al. (1999) used a DNA microarray containing 97% of 
the predicted open reading frames to monitor changes in Mycobacterium tuberculosis gene 
expression in response to the antituberculosis drug isoniazid. The results showed that isonia-
zid induced several genes that encode proteins that are physiologically relevant to the drug’s 
mode of action, including an operonic cluster of 5 genes encoding type II fatty acid synthase 
enzymes and fbpC, which encodes trehalose dimycolyl transferase. Other genes, not appar-
ently within directly affected biosynthetic pathways, also were induced. These genes, efpA, 
fadE23, fadE24, and ahpC, likely mediate processes that are linked to the toxic consequences 
of the drug. Insights gained from this approach may define new drug targets.

Screening of poisonous side effect genes

The genes leading to or directly participating in poisonous side effects are not our 
intended drug target genes, but they can indicate the poisonous side effects of a candidate 
drug, possess important reference value for drug screening, and are also an important mod-
ule in developing contemporary drug-screening microarrays. For instance, cancer drugs have 
traditionally been identified in screens that were designed to produce broad biological end 
points such as cell death. A serious undesired outcome of drugs that was discovered in these 
screens is that the mechanism of drug action is unknown, and such drugs often have adverse 
side effects (Onyango, 2004). Consequently, gene screening that would indicate poisonous 
side effects is very important in drug design and drug discovery; this is also true for studying 
drug target genes. This study strategy is the same as that for drug-action genes. For example, 
for the construction of the ToxBlot arrays, approximately 2000 sequences of human or murine 
origin were identified as being of potential relevance to various forms of toxicity or normal 
cell regulatory or signaling pathways in the study (Pennie et al., 2000). Both a human and a 
mouse ToxBlot array have been constructed, comprising approximately 2400 cDNA sequences 
in each case and spanning about 600 genes of the relevant species. Reproducibility is ensured 
by each gene being represented by 4 individual spots on each array and the inclusion of 2 non-
overlapping cDNAs for each gene (in duplicate) wherever possible.

PROTEOMIC METHOD FOR DRUG TARGET DISCOVERY

Necessity of a proteomic method for drug target discovery

Recent advances in applied genomics helped in the target identification process because 
it allowed for high-throughput screening of expressed genes. However, studies have shown that 
there is a poor correlation between the regulation of transcripts and actual protein quantities. The 
reason for this is that genome analysis does not account for post-translational processes such as 
protein modifications and protein degradation. Therefore, the methods that were employed in 
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the drug target discovery process began to shift from genomics to proteomics (Okerberg et al., 
2005). Analysis of the dynamic organismal proteome, as opposed to the static genome, will cer-
tainly bring a much more accurate approach to identifying not only applicable biomarkers that 
will aid in diagnosis but also effective remedies for diseases of varying origins.

Application of proteomics in drug target discovery

Proteomics represents the systematic and broad application of technologies that have 
traditionally supported the field of protein biochemistry. In its most common application, pro-
teomics is used to characterize differences in protein expression between biological specimens 
(Ryan and Patterson, 2002). Although proteomic technologies can be used to catalog protein 
differences after metabolic perturbation, its greatest therapeutic value lies in the comparison 
of cells from normal tissue with those representing a disease state. Such comparisons could 
enable the identification of disease-specific biomarkers that could be used for diagnostic or 
prognostic tests, or target proteins that have the potential for drug targets.

Proteomics is the large-scale study of the proteins in a cell, tissue, or entire organism 
(Dear et al., 2007). Its potential utilization in biomedical research is enormous; for example, 
it can be used to compare changes in protein levels in normal and diseased tissue (Hanash, 
2003). One established technique for comparative proteomics is based on labeling proteins 
from normal and diseased tissues with different fluorescent dyes (Cy3 and Cy5), mixing the 
proteins together, and then separating them by isoelectric point and molecular weight (differ-
ence in-gel electrophoresis). Because both Cy3- and Cy5-labeled samples are run on the same 
gel, gel-to-gel variability is reduced (Unlu et al., 1997). An internal standard that is labeled 
with Cy2 is included on all gels to facilitate comparison across gels (Lilley and Friedman, 
2004). Tandem mass spectrometry can then be used to identify the proteins that have changed 
in abundance when Cy3 and Cy5 images are compared.

In addition, proteomics can analyze biomarkers by quantifying individual proteins and 
show the separation between one or more protein “spots” on a scanned image from two-di-
mensional gel electrophoresis; for example, proteomic differences between early and advanced 
stages of an illness can be observed. To illustrate, Holly et al. (2006) presented a new rat model 
of sepsis-induced acute renal failure based on cecal ligation and puncture. They used this model 
to find urinary proteins that may be potential biomarkers and/or drug targets. The conclusion 
was that this model could be used to find changes in urinary proteins, and this approach identi-
fied a potential biomarker and drug target, meprin-1-alpha, by difference in-gel electrophoresis.

Challenge of industrial-scale proteomic analysis in drug target discovery

Industrial-scale proteomic analysis offers the opportunity to conduct systematic 
studies into cellular and organismal protein biochemistry for the purposes of drug target 
discovery and academic pursuits. However, potent challenges in sample preparation, mass 
spectrometric instrumentation, and data analysis need to be identified and overcome for this 
process to be successful in a wider range of both academic and industrial settings (Ryan and 
Patterson, 2002). The specific nature of these challenges is determined by the biological study 
undertaken, the availability and type of instrumentation used, and the computational resources 
available to the investigator.
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PROSPECTS

The discovery of targets that are sufficiently robust to yield marketable therapeutics is 
an enormous challenge. Through the years, several approaches have been used with varying 
degrees of success. These include target-independent screening of tumor-derived cell lines 
(disease-dependent), reductionist approaches to identifying crucial elements of disease-
affected pathways, disease-independent screening of homologs of previously drugged targets, 
disease-dependent “global” examination of gene transcript levels, and disease-dependent 
global examination of protein expression levels. These endeavors have been enabled by several 
major advancements in technology, most recently, the sequencing of the human genome.

Significant advances have been made in recent years in developing new experimental 
strategies for drug target discovery, biomarker discovery, and drug design (Chakraborty et al., 
2009). Some approaches are still restricted to the realm of basic research; however, many of 
these technologies have now been applied to organismal models of disease as well as cell and 
tissue pathology specimens. The integration of chemical biology and large-scale analyses by 
genomics and proteomics, together with methods in computational biology and structural de-
termination, provides new perspectives for addressing problems in clinical medicine and will 
continue to evolve rapidly to improve drug and target discovery.
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