
apto: “to fit”

mer: “smallest unit of repeating structure”

What is an Aptamer?

Aptamers are single stranded 

folded oligonucleotides that 

bind to molecular (protein) 

targets with high affinity and 

specificity



There are three types of aptamers: DNA, RNA, and peptide aptamers. All have very 
similar properties but are distinctly unique.

It is theoretically possible for aptamers to be used against any molecular
target - aptamers have been selected against small molecules, toxins,

peptides, proteins, viruses, bacteria, and even whole cells.



Aptamer Structure

Nature Structural Biology, 7(1):53-57

• Unique tertiary structures allow 
aptamers to fold into stable scaffolds 
for carrying out molecular recognition

• van der Waals, hydrogen bonding, 
and electrostatic interactions drive 
high affinity target binding

• Designed to block protein-protein 
interactions

• Share properties of both small 
molecules and biologics

• SELEX (Systematic Evolution of Ligands by Exponential Enrichment)
Tuerk and Gold (1990) Science 249, p505-510



SELEX (systematic evolution of ligands by exponential enrichment) 

is a process that involves the progressive purification from a 

combinatorial library of nucleic acid ligands with a high affinity for a 

particular target by repeated rounds of partitioning and amplification.

Selection of ligand sequences that bind to a target

Three Processes

partitioning of aptamers from

non-aptamers via affinity methods

amplification of bound aptamers







Examples of Aptamer Shapes

A. B.

A.  Pseudoknot (ligand for HIV-1 reverse transcriptase)

B.  G-quartet (ligand for thrombin)

C.  Hairpin (ligand for bacteriophage for T4 polymerase)

D.  Stem loop/bulge (ligand for ATP)

C. D.

taken from McGown, et.al. (1995)



Advantages of antibodies

• Pharmacokinetic and other systemic 

properties of antibodies are often 

sufficient to support product 

development

• Comparatively long circulating half-

lives

• Not susceptible to nuclease 

degradation

• Antibody technologies are widely 

distributed 

Limitations of antibodies

• Antibodies are produced biologically 

in a process 

• Viral or bacterial contamination 

• Large size limits 

Antibody  VS  aptamer in therapeutic use

Advantages of aptamers

• Aptamers are produced chemically in a 

readily scalable process

• Chemical production process is not prone 

to viral or bacterial contamination

• Non-immunogenic

• Smaller size allows more efficient entry 

into biological compartments

• Limitations of aptamers

• Pharmacokinetic and other systemic 

properties are variable and often hard to 

predict

• Shorter half-life

• Unmodified aptamers are highly 

susceptible to serum degradation



Target Example

Co2+, Ni2+, Cd2+

Zn2+, Mn2+

Caffeine

Rev Peptide

Phosphorylated ERK2,

Unphosphorylted ERK2

Metal Ions

Small Organics

Peptides

Proteins

Apta-switch™
(aptamer that produces a self-cleavage output signal)

Specificity Against Theophylline vs. Caffeine

100

90

80

70

60
1 minute reaction at 23oC,

then stopped with stop buffer containing excess EDTA.

500-fold sensitivity range



Apta-beacon™ Diagnostic Assay
(simple 1-step reaction, free in-solution)

Negative

Sample

Positive

Sample

Analyte

No Incubation or wash steps = total time << 1 minute

Quantitate based on a titration of controls 





Vitamin b12-
binding RNA 

aptamer



Aptamer database: http://aptamer.icmb.utexas.edu/index.php



Structures of the anti-coagulant aptamers

Anti-Thrombin Anti-Factor IXa Anti-Factor VIIa



DNA aptamer and Thrombin

2) Aptamer inhibits

fibrinogen binding

and clot formation

1515

1) Thrombin

hydrolyzes

fibrinogen

which yields 

clot formation



Mechanism of action between the aptamer anti-factor IXa
and its antidote

5’ 5’

5’ 3’3’ 5’

3’

3’

Aptamer Antidote Aptamer-Antidote

Recognition
domain of
Factor IXa



Unique opportunity – fast antidot

Aptamer blocks thrombin, and antidot blocks aptamer, 
restoring coagulation

17

Fibrin mesh 
for clotting





CELL-SELEX Technology

CELL-SELEX

Pathological target cells
Normal cells Positive 

selection

Negative 
selection PCR

amplification

ssDNA
library

Cloning the 
highest affinity

ssDNA

APTAMER

1

2 3

Unbound ssDNA

Elution of
bound ssDNA

Remove of bound ssDNA

Counter-selected
unbound ssDNA

Figure 1



A list of therapeutic aptamers undergoing clinical trials





Aptamers specifically targeting cell surface biomarkers used in cancer therapy



Formulation of the Apt-HAuNS-Dox nanoscale drug-delivery system and the mechanism of pH-dependent drugs
release. (a) A schematic illustration of Apt-HAuNS-Dox synthesis. Aptamers and PEG were conjugated to the surface of 
HAuNS sequentially via covalent S-Au bonds, followed by loading with doxorubicin through a charge force. (b) Our
hypothesis is that the Apt-HAuNS-Dox NPs selectively target lymphoma cells via the aptamer-mediated biomarker
interaction, resulting in internalization and intracellular delivery into lysosomes. Due to their low pH sensitivity, 
lysosomal microenvironment triggers a rapid Dox release and initiates tumor cell apoptosis. PEG, polyethylene glycol; 
NPs, nanoparticles.



Development of a tumor cell type-selective and cancer gene-specific nanocomplex for ALCL cells. (a) A nano-sized carrier 
core structure was initially formed via aggregation of polyethyleneimine (PEI) and cross linking with sodium citrate (PEI-
citrate nanocore). The synthetic RNA-based CD30 aptamers and ALK siRNA were then incorporated onto the PEI-citrate 
nanocore to form the nanocomplex. (b) When the functional RNA nanocomplex is added to cultures, the aptamer
component will selectively target CD30-positive ALCL cells. Aptamer-mediated cell binding will facilitate intracellular 
delivery of the nanocomplex. The siRNA component will subsequently silence the cellular ALK gene, resulting in the growth 
arrest of ALCL cells. ALCL, anaplastic large cell lymphoma.





Reasons for Failures of Aptamer Drug Candidates

Typical Aptamer Strategy:  Develop aptamers in vitro against a 

known protein target of interest to block disease pathway.

however…

In vitro selected aptamers do not necessarily operate/function

in vivo as therapeutic candidates.

Aptamers are sensitive to the environmental conditions in 

which they are selected.

In Vitro

Studies In Vivo

Studies Clinical Studies
Humans

The Conventional Paradigm in preclinical development is deficient.

DELIVERY is always an issue!

http://images.google.com/images?q=drug+discovery&btnG=Search&hl=en&lr=&ie=UTF-8



Natural
L-protein

Mirror image
D-protein ligand

SELEX
with natural D-RNA library

D-RNA aptamer
binding to mirror image D-protein

Synthesis of L-RNA mirror aptamer(spiegelmer) 
binding to natural L-protein



History of oligonucleotide therapeutics.


