DNA Aptamers or RNA Aptamers?
The many advantages of aptamer affinity reagents over antibodies are
compelling. The first choice in the aptamer discovery process is whether to
select for DNA or RNA aptamers. While both DNA and RNA aptamers have
been proven to be effective in a wide range of applications, there are some
key differences that may help you to decide which modality is best for your
application.
Aptamer Selection
Base Pair’s aptamer selection process starts with an initial library containing over 1015 unique oligonucleotide
sequences. Each stage of the aptamer selection process involves binding, elution, and amplification to identify
selective, high-affinity aptamers for the target of interest. For DNA aptamer selection, the starting library consists
of single-stranded DNA oligonucleotides. For RNA aptamer selection, a double-stranded DNA library is transcribed
to create the starting RNA library. For RNA aptamers, reverse transcription must be performed in each round of
selection to facilitate PCR of DNA and subsequent transcription for the next round of SELEX1. This interconversion
between DNA and RNA for the SELEX process makes the selection process more time-consuming and expensive for
RNA aptamer discovery.

Aptamer Diversity
Early aptamer studies focused primarily on RNA. It is generally accepted that RNA aptamers form more diverse
and intricate three-dimensional structures, enabling a greater number of conformations compared with DNA
aptamers1,2. Though RNA aptamers may form smaller structures than DNA aptamers of the same number of
oligonucleotides, researchers have developed aptamers that can infiltrate tissues and cells using both RNA and
DNA2,3. Recent studies have revealed several two-dimensional and three-dimensional features that enable selective
binding affinity and stability in DNA aptamers, including hairpins, bulge loops, internal loops, and G-quadruplex
folds4. While both DNA and RNA aptamer libraries have yielded highly-selective aptamers to a wide range of
targets, including highly similar compounds5,6, additional research is required to determine if enhanced structural
diversity, through the use of RNA or customized libraries, is required to generate high-affinity aptamers capable of
detecting compounds that differ by a single amino acid or functional group.
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Aptamer Homogeneity
While structural diversity is considered a good thing when searching for a potential binding partner, it may also
affect the homogeneity and activity of a particular selected aptamer. Researchers studying a single RNA aptamer
to theophylline determined that the unbound aptamer formed eight different two-dimensional conformations,
only four of which were conducive to ligand binding. Studies of ligand binding, metal ions, and aptamer structures
showed that only 58% of the available aptamer could bind theophylline in the presence of 10mM Mg2+ and only
25% could bind without it7. Researchers investigating a DNA aptamer as a re-myelination agent found the aptamer
to adopt a single conformation at salt concentrations comparable to a polyacrylamide gel. In solutions containing
Na+ ions, the aptamer adopted an antiparallel G-quadruplex conformation. Upon addition of 4.7 mM K+ ions,
the aptamer switched to a parallel G-quadruplex, believed to be the preferred conformation8. Additional studies
are required to investigate differences in homogeneity between DNA and RNA aptamers, both in vitro and in vivo,
under varying conditions. Understanding and optimizing homogeneity and structural stability will be of particular
importance for aptamers developed as therapeutic agents, drug delivery agents, and diagnostic reagents.

Aptamer Stability
Native DNA aptamers are more stable than RNA aptamers. The in vitro half-life of an RNA aptamer in plasma is a
few seconds, versus 30 to 60 minutes for a DNA aptamer9–11. RNA in general serves as a transient messenger and
is chemically unstable due to a 2’ hydroxyl group. This 2’-OH makes RNA susceptible to hydrolysis, especially in
alkaline solutions1. Further, the presence of the 2’-OH allows for the catalysis of RNA strand scission by prevalent
endoribonucleases such as RNase A12–14. For this reason, most RNA aptamers are chemically modified, especially at
the 2’-position of pyrimidines, through library design or during selection amplification, to enhance stability. Once
modified, such RNA aptamers can equal or surpass the stability of native DNA aptamers1–3.
While the stability of various RNA species has been well-studied (see Houseley and Tollervey for an excellent
review14), at Base Pair we have performed a very specific study of the stability in human serum of unmodified and
modified DNA aptamers with a specified length of 32 nucleotides.
Specifically, we studied the stability of Base Pair’s collagen aptamer, product number ATW0002, and our fibronectin
aptamer, catalog number ATW0008, at 37°C over a period of up to 14 days. Five versions of each aptamer were
also studied:
1.
2.
3.
4.
5.

Unmodified DNA
5’ biotinylated aptamer
3’ biotinylated aptamer
5’ inverted dT-aptamer-3’biotin
5’ biotin-aptamer-3’inverted dT

As demonstrated by the representative Figures 1 and 2 corresponding to unmodified DNA versus 5’-biotin-3’inverted dT, modification can extend the DNA half-life from hours to days.

Figure 1. 10% PAGE showing aptamer
stability assay results for unmodified
aptamer ATW0008.

Figure 2. 10% PAGE showing aptamer stability assay results for 5’biotin-ATW0008-3’inverted dT.

There are a growing number of examples of both DNA and RNA aptamers that have been modified to improve
aptamer stability and performance under specific conditions15,16. Determination of stability requirements and
design of appropriate modifications for enhanced stability are key components of custom aptamer discovery.
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Aptamer Applications and Riboswitches
Aptamers have been successfully selected for a wide range of applications, including ELISA-like assays, pull-down
assays, flow cytometry, immunohistochemistry, drug delivery, and biosensors. For most applications, there are
published reports demonstrating feasibility with both DNA and RNA aptamers. The primary exceptions to this
include aptamers for the regulation of gene expression, modeled after naturally-occurring riboswitches, and
aptamers for in vivo detection of RNA expression.
Naturally-occurring riboswitches have been found in the non-coding regions
of mRNAs in bacteria. Upon binding of a specific metabolite, the riboswitch
undergoes a conformational change that affects gene expression17. Natural
riboswitches consist of two domains. The sensing or aptamer domain
recognizes and binds a particular analyte, often a small molecule metabolite
within the organism. Following a conformational change upon analyte
binding, the regulating domain can affect gene expression, pre-mRNA
splicing, or translation, depending upon the riboswitch. Researchers are
developing synthetic, aptamer-based riboswitches to monitor and regulate
gene expression in a similar fashion18,19.
The incorporation of “light-up” RNA aptamers is being used to detect and
monitor specific promotor activity in yeast. While signal-to-noise is not yet
sufficient in some in vivo systems, enhanced light-up aptamers and FRETbased aptamer constructs with improved signal-to-noise are being explored
for the in vivo imaging of transcription in eukaryotic cells20.

Figure 3. Chemical structure of
bacterial guanine riboswitch
bound to hypoxanthine

Aptamer Selection Design
Though DNA aptamers are gaining popularity due to the speed and cost savings of DNA aptamer selection and
the inherent stability of DNA vs RNA, specific projects will require the unique functionality of RNA. Whether DNA
or RNA oligonucleotides are chosen, library design based on binding and stability requirements, careful choice
of aptamer selection methodology, consideration of both positive and negative selection strategies, and buffer
formulations to best meet final aptamer requirements are essential for success.

Looking for aptamer design suggestions for an upcoming project?
Request a free project proposal or submit your questions today at info@basepairbio.com.

Base Pair Biotechnologies, Inc. • 8619 Broadway Street, Suite 100 • Pearland, TX 77584
www.basepairbio.com • info@basepairbio.com • Ph: 1-832-230-5518

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Q. Zhu, G. Liu, M. Kai, DNA Aptamers in the Diagnosis and Treatment of Human Diseases, Molecules, 20 (2015) 20979–
20997.
E.W. Orava, N. Cicmil, J. Gariépy, Delivering cargoes into cancer cells using DNA aptamers targeting internalized surface
portals, Biochim. Biophys. Acta, 1798 (2010) 2190–2200.
K. Germer, M. Leonard, X. Zhang, RNA aptamers and their therapeutic and diagnostic applications, Int J Biochem Mol Biol,
4 (2013) 27–40.
I. Jeddi, L. Saiz, Three-dimensional modeling of single stranded DNA hairpins for aptamer-based biosensors, Scientific
Reports, 7 (2017) 1178.
L. Chen, F. Rashid, A. Shah, H.M. Awan, M. Wu, A. Liu, J. Wang, T. Zhu, Z. Luo, G. Shan, The isolation of an RNA aptamer
targeting to p53 protein with single amino acid mutation, PNAS, 112 (2015) 10002–10007.
H. Alfavian, S.L. Mousavi Gargari, S. Rasoulinejad, A. Medhat, Development of a DNA aptamer that binds specifically to
group A Streptococcus serotype M3, Can. J. Microbiol., 63 (2017) 160–168.
B.M. Warfield, P.C. Anderson, Molecular simulations and Markov state modeling reveal the structural diversity and
dynamics of a theophylline-binding RNA aptamer in its unbound state, PLOS ONE, 12 (2017) e0176229.
J. Smestad, L.J. Maher, Ion-dependent conformational switching by a DNA aptamer that induces remyelination in a mouse
model of multiple sclerosis, Nucleic Acids Res, 41 (2013) 1329–1342.
R.R. White, B.A. Sullenger, C.P. Rusconi, Developing aptamers into therapeutics, J. Clin. Invest., 106 (2000) 929–934.
Y. Takei, K. Kadomatsu, H. Itoh, W. Sato, K. Nakazawa, S. Kubota, T. Muramatsu, 5′-,3′-Inverted Thymidine-modified
Antisense Oligodeoxynucleotide Targeting Midkine, Journal of Biological Chemistry, 277 (2002) 23800–23806.
J.P. Shaw, K. Kent, J. Bird, J. Fishback, B. Froehler, Modified deoxyoligonucleotides stable to exonuclease degradation in
serum, Nucleic Acids Research, 19 (1991) 747–50.
On the mechanism of action of ribonuclease A: relevance of enzymatic studies with a p-nitrophenylphosphate ester and a
thiophosphate ester, (n.d.).
G.C.K. Roberts, E.A. Dennis, D.H. Meadows, J.S. Cohen, O. Jardetzky, THE MECHANISM OF ACTION OF RIBONUCLEASE, Proc
Natl Acad Sci U S A, 62 (1969) 1151–1158.
J. Houseley, D. Tollervey, The Many Pathways of RNA Degradation, Cell, 136 (2009) 763–776.
A. Autour, E. Westhof, M. Ryckelynck, iSpinach: a fluorogenic RNA aptamer optimized for in vitro applications, Nucleic Acids
Res, 44 (2016) 2491–2500.
K. Li, J. Deng, H. Jin, X. Yang, X. Fan, L. Li, Y. Zhao, Z. Guan, Y. Wu, L. Zhang, Z. Yang, Chemical modification improves the
stability of the DNA aptamer GBI-10 and its affinity towards tenascin-C, Org. Biomol. Chem., 15 (2017) 1174–1182.
W.C. Winkler, R.R. Breaker, Regulation of bacterial gene expression by riboswitches, Annu. Rev. Microbiol., 59 (2005)
487–517.
A. Wittmann, B. Suess, Engineered riboswitches: Expanding researchers’ toolbox with synthetic RNA regulators, FEBS Lett.,
586 (2012) 2076–2083.
J.S. Paige, K. Wu, S.R. Jaffrey, RNA mimics of green fluorescent protein, Science, 333 (2011) 642–646.
M. Ilgu, J. Ray, L. Bendickson, T. Wang, I.M. Geraskin, G.A. Kraus, M. Nilsen-Hamilton, Light-up and FRET aptamer reporters;
evaluating their applications for imaging transcription in eukaryotic cells, Methods, 98 (2016) 26–33.

© Copyright January 2018. Base Pair Biotechnologies, Inc. All Rights Reserved.

Base Pair Biotechnologies, Inc. • 8619 Broadway Street, Suite 100 • Pearland, TX 77584
www.basepairbio.com • info@basepairbio.com • Ph: 1-832-230-5518
DNAorRNA_15Jan18

