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Scientific technology has greatly advanced in the 20th century, which in turn has extensively affected drug 
discovery.  In the 1950s, it was generally accepted that compounds should first be examined in laboratory 
animals for their pharmacological effects.  However, people have learned from many failures that significant 
species differences in enzymes or receptors are sometimes observed between human and animals and that some 
compounds that are very potent in animals are not efficacious in human.  Current drug discovery research first 
employs an in vitro screening that utilizes human receptors or enzymes, which are prepared using advanced 
molecular biology techniques, in order to find compounds that are potent in human receptors or enzymes.  These 
potent compounds are then evaluated in animals.  Advances in synchrotron radiation, molecular biology and 
computer technologies have been combined to enable rapid determination of three-dimensional protein structures.  
Also, advances in structural biology have facilitated the analysis of the binding mode of a compound and an 
enzyme or a receptor.  As a result, it appears that the nature of inter-species differences consists of slight 
variations at the binding site, which are brought about by differences in amino acid sequences.  The structural 
information of the host molecule provides an efficient rationale for drug design.  Nevertheless, most 
pharmaceutical companies employ many synthetic chemists to prepare a large number of compounds and use the 
process of repeat trial and error to find compounds suitable for development.  One reason for this process is that 
many drug targets are membrane proteins, which cannot be easily evaluated using crystalline structural analysis.  
Another reason pertains to pharmacokinetic issues; namely, compounds that are given orally or parenterally 
should rapidly reach organs in which the target molecules exist in order to exhibit potent in vivo efficacy, and the 
drug concentration in the target organ should be maintained for a reasonable duration to ensure long-lasting 
efficacy.  It is enzymatic degradation and/or transporter-mediated transport that affects the pharmacokinetic 
profile of a compound, and these enzymes and transporters are composed of proteins.  In addition, drug 
candidates should not hit off-targets, which produce[M1] adverse effects or toxicity.  These off-targets are also 
composed of proteins.  As discussed above, various metabolic enzymes or off-targets should be considered in 
addition to target receptors or enzymes.  However, three-dimensional structures of most enzymes, transporters, 
receptors, and ion channels that affect the pharmacokinetic or adverse-effect profile of a compound are not 
currently available.  Some believe that it is not useful to understand the three-dimensional structures of such 
proteins because substrate specificity of these molecules is not strict.  However, it is not rare to see examples of 
very slight structural alterations dramatically changing pharmacokinetic or adverse-effect profiles of a compound; 
this emphasizes the importance of structure determination of such proteins.  I hope that advances in structural 
biology will promote the determination of three-dimensional crystalline structures of most of the proteins that 
make up the living body because determining these structures may provide a rational for more efficient drug 
design.  I expect that the methodology of drug discovery will dramatically change in near future. 
 


