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and Sen 2001; Burke et al. 2002; Wang et al. 2002a; Najafi-Shoushtari et al. 2004; 
Penchovsky and Breaker 2005). Aptazymes that combine regulation by both small 
molecules and oligonucleotides have also been developed (Najafi-Shoushtari and 
Famulok 2005). 

9 Perspective on Artificial Functional Nucleic Acids 

What fundamental questions remain to be addressed for aptamers and nucleic acid 
enzymes? For aptamers, the wide range of targets that have been recognized—from 
very small molecules such as ethanolamine all the way to large proteins, some of 
which have been presented on the exterior of a living organism—lends credence to 
the notion that an RNA or DNA aptamer can be identified for essentially any desired 
molecular target. Two research areas are probably the most pressing for future de-
velopment of aptamers. First, selectivity among closely related targets has been ex-
plored in numerous experiments, but the limits of selectivity have probably not been 
reached. An important goal is a full understanding of how to engineer high target 
selectivity as a reliable outcome of selection experiments. Second, aptamer selection 
as typically implemented is labor-intensive and time-consuming. Advances in 
streamlining selection procedures, including the growing use of automation, will 
likely prove important in bridging basic research and practical applications. 

The in vitro selection of ribozymes and deoxyribozymes is less advanced than 
analogous studies of aptamers. The scope of chemical reactions that may be cata-
lyzed by RNA and DNA still remains to be determined. The relatively small number 
of examples other than phosphodiester cleavage or ligation offers substantial hope 
that a much wider variety of reactions may be catalyzed, but in most cases the diffi-
cult work of achieving this new catalysis remains to be done. The payoff for reaching 
this goal should be the ability to use nucleic acid enzymes (and not just aptamers) in 
practical applications for which catalyzed chemical reactions are a critical design 
element. 

As demonstrated by the other chapters in this book, the immense body of re-
search on fundamental development of aptamers and nucleic acid enzymes has al-
ready enabled several practical applications. These examples of the translation of 
fundamental research into practical applications should becelebrated, particularly as 
scientists face ever-increasing pressure to connect their basic research with the chal-
lenges of the modern world. 
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