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Abstract 

Drug discovery process is a long drawn time and resource consuming process. The conventional drug discovery process 

involves potential lead from either traditional system of medicine or from the in vitro experiments leading to a lot of animal 

experimentations wahich culminates in human trials. These whole processes usually take years of time and resources. Many 

a times, when a drug accreditation is accorded, the pharmacoeconomic values outnumbers the drug  addition value to the 

drug library. With the advent of the usage of computers in biology, the discovery process shortened with the help of uniform 

and defined in silico parameters, thus providing an alternative to the laborious and variable in vitro experiments. While, this 

was a welcome move in the field of drug discovery but simultaneously it also opened the flood of potential molecules which 

often matched the defined in silico parameters but provided variable results in in vivo experiments. This article provides an 

overview of the drug discovery processes and its efficacy with a check on pharmacoeconomic values. The system of selection 

of potential lead molecule is based on several parameters out of which the most important aspect is that it should have no 

toxicity in vivo.  
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Introduction 

New era of drug discovery beckons. Tools and technology 

derived from biotechnology, genetics and computer science 

has forwarded the impetus of drug discovery process. The 

biophysical methods and techniques like NMR, X-Ray 

Crystallography, genome mapping etc have accelerated the 

drug discovery process. The diligent and discerning 

integration of the modern scientific knowledge has cut down 

the necessary time required to bring new drugs to the 

market. Around 1980’s, a lot of investment has been done 

by private sectors like pharmaceutical industries in research 

for validated drug targets (1). More than one lakh sequences 

of potential drug targets have been submitted after the 

successful completion of human genome project. The 

genome project completion has led to a lot of raw 

information which could not be translated to the therapeutic 

drug discovery (2). Thus, a gap was created between 

genomic discovery and drug discovery which still exist 

today (3).  The probable reason behind this mismatch could 

be because gene sequence does not provide full information 

about disease as these are the areas on which extensive 

research are going on. Moreover, researchers are not 

completely aware of the complete functioning of all the 

encoded proteins which is mainly the cause of delay in 

converting the genomic information to product in the form 

of therapeutic drug.  The new concept of proteomics 

emerged after genomics as it refers to any protein based 

approach that provides new insight on protein structure or 

functioning on a genome wide scale. The proteomic 

discovery is more tedious than genomic discovery as 

majority of predicted proteins have no known cellular 

function and predicting their function in silico is like 

predicting multiple proteins for the same function in vivo. 

However, as we know that all enzymes are protein, therefore 

discovering new proteins may lead to discovery of new 

enzyme, new signaling molecules which might lead to the 

discovery of new pathways for therapeutic targets (4). 

Proteomics technology (5) is used not only to validate the 

drug discovery but it also increases the drug discovery 

process. The discovery of all the proteins encoded by genes 

leads to a high throughput library where one can screen the 

validation of drugs but the proteins have another twist which 

genes do not have i.e. their structure. The structural biology 

of proteins through the technique like crystallography and 
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NMR provides information about the structure of protein 

which defines the functioning of protein at site (6). 

Therefore, proteomics is a means by which the drug 

discovery time could be shortened as it bridges the gap 

between genomics and proteomics (7). As discussed earlier, 

the crystal structure determination at atomic resolution 

provides the most conclusive basis for drug discovery (8). 

The crystal structures of the binding of a ligand with its 

receptor provide the interaction distance as well as binding 

affinity at atomic level resolution (9). There have been a lot 

of instances of translation of the lead from crystal to the 

level of therapeutic drug (10). This article is an overview of 

the technologies most relevant to the drug discovery process 

and provides some ideas about developing proteomics 

technology in the quest for the discovery of novel drugs.    

 

Proteins as important drug targets 

Proteomics is thought of more as a basic science having 

some applied value.  In silico docking studies could not be 

relied upon for drug development as it has not been able to 

predict properly the protein function.  Proteomics mainly 

requires samples in high quantity if one wants a high 

throughput proteomics screening. Several structural protein 

banks are coming up so that every time everyone does not 

have to go through the process of purification (11). In the 

experimental set up, a large scale of proteins have been 

purified, cloned and expressed in bacteria and yeast and 

have been predicted to be cytoplasmic with no structural 

homologs (12). Hence, these are proteins with no known 

function. The main problem faced in in vitro studies is the 

heterogeneous folding of proteins which differ in our in vivo 

system. The folding of proteins mainly defines its function 

and if it differs then function is bound to be different. 

Majority of proteins have been observed to have a unstable 

structure (13). The databank containing such improperly 

folded proteins should not be used for high throughput 

screening as it often provides incorrect results and scientists 

who use them do waste their time and money on fruitless 

targets.  

 Target Discovery 

Out of more than a lakh of proteins, only a fraction of these 

are expressed in any given cell type.  Therefore, the 

expression of protein is very important which should be 

documented both quantitatively as well as qualitatively in 

cases of expression in disease related process. As we have 

discussed how difficult and time consuming it is to correctly 

predict the protein quantity as well as quality, therefore 

researchers thought of finding another means which could 

help to relate with protein expression. The DNA microarray 

technology came as a tool to correlate the mRNA and 

protein expression. This microarray technique is very 

sensitive and detects even a poorly expressed gene and 

provides information of the type of gene expressed in the 

type of tissue. The mRNA formed after transcription in vivo 

undergoes post translational modifications. To discover and 

monitor the relevance of a protein to a disease-related 

process, it is important to catalog where, when, and to what 

extent a protein is expressed. DNA microarray technology 

(14), which monitors the relative abundance of mRNA in a 

cell, is a powerful way to accomplish this because mRNA 

and protein concentrations are often correlated. DNA 

microarray technology can measure even poorly expressed 

genes, ensuring a comprehensive assessment of which genes 

are expressed in which tissue. However, since mRNA and 

protein levels do not always correlate in the cell and many 

regulatory processes occur after transcription, a direct 

measure of relative protein abundance is more desirable. 

There are different types of proteomics technology available 

to quantify the different levels of proteins expressed in 

different tissues.  The most commonly used technique for 

resolving and sequencing a mixture of proteins is Mass 

Spectroscopy (MS). MS resolves a mixture of proteins and 

then individual protein bands could be sequenced through 

peptide fingerprinting (15). The main problem with this 

wonderful technique is that the MS spectra of abundant 

proteins generally dominate and overlaps the lower 

abundant proteins. Therefore, it is not possible to identify 

low abundant proteins without interference. Although, a lot 

of research is undergoing to make MS more and more 

efficient but it is proving difficult to fractionate cell extracts 

based on MS (16). While identifying the composition of 

proteins in the cell, it must be taken into account that protein 

isoforms are often formed after mRNA splicing and its 

further covalent modifications which contribute to the 

regulatory processes within the cells. Thus, a therapeutic 

intervention by protein first requires cataloguing all such 

isoforms expressed in disease causing pathways so that a 

strategy could be designed for the same. The other 

approaches include the modification specific antibodies. 

Technique involving recording all the changes in gene 

expression, protein levels, or any modification caused by 

cellular perturbations are powerful methods to identify 

protein targets for drug discovery (17). However, these 

methods do not tell if a particular gene product i.e. protein is 

related to disease or it is to be used for targeting drug 

development. To address these issues, the approach is 

needed which addresses protein function as well which is 

known as structural proteomics. 

 Drug development through structural proteomics 

Structural proteomics is mainly used for target validation. 

Since, the protein function is determined by its three 

dimensional structure, therefore, proteins of similar function 

shares structural homology. There are a lot of expressed 

proteins which shows some sort of structural homology to 

the known proteins. Hence, the protein structure database is 

increasing exponentially with newer submission which 
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provides information on the functional aspects of newly 

discovered proteins. Structural proteomics work under the 

principle that structure underlies function. Its main objective 

is to find a three dimensional structure of all the discovered 

proteins (18). Many pharmaceutical companies have this 

private structural database which can often be used to 

identify potential drug targets or to invalidate targets with 

structural properties that do not let themselves to the binding 

of a drug. The database of a public domain is open but the 

pharmaceutical company’s database is restricted and that is 

where the companies invest on research. The more enriched 

database of the companies are discovering better and newer 

drugs. The scientists predict that the addition of a lot of 

compounds will help in zeroing down to the perfect 

structure prediction algorithms, which will eventually allow 

scientists to predict structure and function from sequence. 

Target validation through Interaction proteomics  

The most cellular process including cell-cell interaction, 

signaling pathways, metabolism and cellular architecture 

involves protein – protein interaction. The full 

characterization of the complex network of protein-protein 

interaction is required to fully understand the cellular 

functions. Many human diseases like cancer, autoimmune 

disorders and viral infections do occur because of aberration 

in protein-protein associations. Therefore, finding a 

complete set of protein-protein interactions within the cells 

as well as interaction of proteins with their targets has 

potential to reveal newer biological function and new targets 

for therapeutic intervention (19). The commonly used 

technology for the discovery of protein interaction is yeast 

two hybrid system. Although, this technique has a  great 

potential but it also has several limitations among which the 

most prominent one is false positive results as the technique 

can only characterize interaction between two molecules and 

is not useful for multi molecular techniques.  

Interaction Proteomics 

Most of the cellular processes involve protein-protein 

interaction. Therefore, full characterization of the complex 

network of cellular protein interaction is required for the 

complete understanding of the cellular processes. Many 

human diseases like different kinds of autoimmune disorders 

and cancers occur because of aberrations in protein-protein 

interaction.  Therefore, protein-protein interaction in 

diseased state provides new targets for therapeutic 

intervention. The most commonly used technology for 

determining protein-protein interaction is yeast two hybrid 

system. The yeast two hybrid systems have been used to 

discover many new protein-protein interactions but it also 

has several shortcomings. There are several false positive 

interactions for every legitimate and valid interaction. Only 

a fraction of known interactions have been identified in 

whole genome wide two hybrid screens. The yeast two 

hybrid system can identify only interaction between two 

proteins while it is not applicable in multi protein interaction 

set up. To overcome the limitation of yeast two hybrid 

systems, protein affinity chromatography is often used (20). 

In this chromatography technique, the pure protein samples 

are used and it is better in the sense that it generates very 

few false positive interactions. It could be used for high 

throughput screening as it immobilizes the target of purified 

protein on solid support which could be eluted by gel 

electrophoresis or Mass Spectrometry (MS). This protein 

interaction method is suitable to explore the protein-protein 

interaction whose levels in cells are very low as 1/100,000.  

Bioinformatics 

The main aim of genomics and proteomics is to characterize 

and to dig out all the pharmacology related information 

using computational methods (21, 22). However, as majority 

of proteins have no known function, therefore, this goal 

cannot be reached for all the proteins. Therefore, to increase 

the efficiency of bioinformatics predictive ability, the 

requirement is to first characterize and complete the 

proteomics of all the genome. The challenge is that it cannot 

be done in one go, therefore, a database needs to be created 

which pools all the unbiased genome wide proteomic 

results. This database capability could be enhanced by 

pattern recognition algorithms coupled with addition of new 

knowledge which could decipher the protein’s cellular 

function. This unbiased approach provides more reliable 

platform of hypothesis generation as compared to the 

traditional approach. But such unbiased database cannot be 

comprehensive and there are chances of repeated value of 

data generation which provides confidence to the unbiased 

approach. In the proteomic sector a database has been 

created which links protein function with its biophysical 

properties. The protein solubility and its crystallization 

properties are also linked to it. Therefore, as it is evident that 

the linkage of the function of individual protein to protein 

pathways and the protein pathways to the cellular pathways 

is happening and happening fast, therefore, we might be 

knocking the doors of an era which will see a dramatic 

increase in the efficiency of the drug discovery process. This 

strategy is bound to make an impact in the coming decade.  

Lipophilic Compounds in drug discovery 

The era is witnessing a high throughput screening 

computationally and for that we need to augment the 

database with valid and unbiased experimental results. The 

lipophilic compounds are unique as most of the drugs are 

lipophilic and acts via lipophilic carriers (23). Therefore, 

formulation strategies for compounds inadequately soluble 

in water are coming up. Many drug delivery vehicles for 

lipid soluble compounds have been suggested. The targeted 

drug delivery and drug delivery for nano compounds often 

require lipophilic medium. Emulsion is liquid in liquid 

system in which one liquid is dispersed in a second, 

immiscible liquid in the form of droplets. Intralipid 
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emulsion consists of a water phase with droplets composed 

of triglyceride core that is stabilized with a phospholipid 

monolayer. The two forces that plays a pivotal role in 

stabilization are long range repulsive electrostatic forces and 

a short-range repulsive hydration forces. The excess 

phospholipid exists as dispersed liposomes in a closed 

aggregate with water core. NMR and electron microscopy 

helps to elucidate detailed structure (24). Droplet emulsions 

of micromolar range are characterized by DLS (Dynamic 

light scattering methods) (25).  The formulated and 

processed nutritional emulsions are stabilized by 

phospholipids for longer periods. The stability of emulsion 

is an important factor in clinical nutritional practice as 

emulsions are often used under circumstances that put a 

severe strain on the stability of the molecule. The patient 

needs supplementary nutrition as per the diet requirement 

and the nutrients often added to the emulsion are glucose, 

electrolytes, amino acids, the trace elements and vitamins. 

Despite emulsion being loaded extensively, it remains stable 

for prolonged period.  

The production of formulated intralipids became the starting 

point for using lipid emulsions as a delivery matrix for a 

lipid -soluble drugs (26). The 1970’s witnessed the 

development of drugs based on this technology that includes 

formulation of and manufacturing capabilities. The 

Diazepam emulsions which are used as sedatives were 

developed as a intravenous formulation using barbiturates. 

In the field of anesthesia, a propofol containing drug 

emulsion Diprivan is used successfully for inducing and 

maintaining anaesthesia which is one of the most prominent 

examples of lipid emulsions applied to drug delivery (27-

29). The solubility of propofol is an important aspect in its 

success. Propofol readily dissolves in soyabean oil and has 

low concentration in water phase. Since, the pain while 

injecting the drug is mainly dependent on its concentration, 

therefore, the drug in water as emulsion is less painful in 

comparison to its soyabean only counterpart. There are a lot 

of other examples of drugs such as Cyclosporin (30, 31), 

Amphothericin B (32, 33) and Taxol (34). Taxol has been 

formulated using mixtures of nutritional emulsions is 

another example of several lipophilic compounds which has 

been synthesized based on lipophilic character (34).  

Discussion 

The drug discovery process is a time and resource 

consuming which needs to be updated and shortened in view 

of the upcoming tools and technologies. The screening and 

validation of new drug molecules for new therapeutics must 

be hastened. Fig 1 depicts a flow of how a new compound 

can be tested first by virtual screening and then by 

deciphering its structure so that the binding interaction can 

be validated. This is followed by clinical trials and a new 

drug could be deciphered after regulatory clearance. 

Future aspects 

The future of the drug discovery lies in the economics of 

drug discovery considering financial as well as timing 

aspects.  Therefore, there is a need to expedite the discovery 

by investing in the in silico designs to find the best suitable 

molecule against the target. The target could be synthesized 

and validated by binding studies as well as crystallography 

or NMR methods. The in vitro testing followed by in vivo 

studies covering toxicity, efficacy and safety aspects makes 

the molecule suitable to be applied for the regulatory 

clearance. The other approach is the repurposing of 

approved drugs. As of now, serendipity has played a major 

role in drug repurposing which was mainly based on clinical 

observations but now days a rationalized approach is being 

taken for drug repurposing.  

Conclusion 

A lot of novel approaches are being tried so that a drug 

discovery process could be shortened both in terms of time 

and money. The computational approaches provide a 

theoretical model based on which newer drugs could be 

theoretically tested in silico. The synthetic chemists then 

make the peptides and check the design in-vivo. Once the 

peptide is successfully made and shows the required binding 

then hey! We have discovered a new molecule which could 

be a potent drug after successful clinical trials  
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