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This review is intended to guide the novice in aptamer research and development to understand virtually all of
the aptamer development options and currently available assay modalities. Aptamer development topics range
from discussions of basic and advanced versions of Systematic Evolution of Ligands by EXponential Enrichment
(SELEX) and SELEX variations involving incorporation of exotic unnatural nucleotides to expand library diversity
for even greater aptamer affinity and specificity to improved next generation methods of DNA sequencing,
screening and tracking aptamer development throughout the SELEX process and characterization of lead
aptamer candidates. Aptamer assay development topics include descriptions of various colorimetric and fluores-
cent assays inmicroplates or onmembranes including homogeneous beacon andmultiplexed Fluorescence Res-
onance Energy Transfer (FRET) assays. Finally, a discussion of the potential for marketing successful aptamer-
based assays or test kits is included.
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1. Introduction

Jayasena predicted in 1999 that aptamers would rival antibodies in di-
agnostics and therapeutics (Jayasena, 1999), and despite a few clear suc-
cesses in the forms of Macugen and ultrasensitive aptamers (Vance and
Sandros, 2014), or SOMAmer-based proteomic chips (Kraemer et al.,
2011) and a few other commercial assays (Penner, 2012), the potential
of aptamers is yet to be reached.However, aptamers offer clear advantages
over antibodies including, but not limited to, greater batch to batch repro-
ducibility, speed, lower cost, ease of development, obviating theuseof host
animals (Chopra et al., 2014; Lange et al., 2012; Sharmaand Shukla, 2014a,
2014b). Researchers continue to innovate the SELEX (Systematic Evolution
of Ligands by EXponential enrichment) process itself aswell as developing
novel assay formats inwhich only aptamers canwork orwork clearly bet-
ter than their antibody competitors (Chopra et al., 2014; Lange et al., 2012;
Sharma and Shukla, 2014a, 2014b). An example of a system in which
aptamers can exclude antibodies in competition are conformation-depen-
dent electrochemical systems in which the changes in aptamer 3-dimen-
sional conformations lead to detectable changes in conduction or
voltammetry (Catanante et al., 2016). Another example of aptamerswork-
ing better than antibodies is multiplexed FRET assays in which aptamer-
quantum dot (QD) conjugates adsorbed onto gold nanoparticles (GNPs)
are liberated by greater affinity for target analytes in solution leading to
multicolored ormultiple fluorescence emissionwavelengths with a single
ultraviolet light source (Kim and Jurng, 2011; Zhang et al., 2010).

While many researchers continue to use aptamers in conventional an-
tibody-based immunoassay formats such as ELISA-like assays or lateral
flow chromatographic test strips, the more creative approaches may lead
to the real future commercial product breakthrough. Though there are sev-
eral published reviews underlining the importance of SELEX and applica-
tion of aptamers, none, comprehensively summarize every single step of
SELEX from library design to post-SELEX optimization to assay develop-
ment. In the following work, the authors have endeavored to summarize
the basic steps and more recent advanced developments in SELEX and
aptamer assays to aid current and future innovators and to help aptamers
realize their full potential especially in the diagnostics area. An overall pic-
ture of aptamer technology (SELEX) is portrayed in Fig. 1.

2. Library design

2.1. First generation

The design of the starting randomized nucleic acid library provides
the basis for SELEX. A variety of SELEX libraries are used across the Fig. 1. Flow chart showing overall picture of SELEX technology.
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