
Gli APTAMERI e le LORO APPLICAZIONI



APTAMER TECHNOLOGY

“ Aptamers (from the Latin aptus, to fit) are single-stranded 
nucleic acids which are capable of binding proteins or other 
small molecules” 

- The technology of aptamer selection was discovered in 1990 by 
the groups of Tuerk & Gold and Ellington & Szostak.

- The aptamer selection techniques enable us to discover RNAs 
or DNAs (i.e. aptamers) that have affinity to virtually any desired 
targets (small molecules, proteins, carbohydrates, etc) even 
though they are not natural targets of DNAs or RNAs.

What are aptamers?



completely randomized sequence
30 nucleotides long

• RNA or DNA library is generated. In the library, the nucleic acid 
molecules are designed to contain randomized sequences in the center.

5' 3'

- If the randomized sequence is 30 nucleotides long, there will be 
430 or ~1018 different nucleic acid molecules in the library.

Principle of aptamer technology
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About 100 mg to have 1 molecule for each sequence



Single-stranded nucleic acids can fold 
into different structures using 
intramolecular interactions between 
bases, sugars and phosphate groups.

- hydrophobic (ring stacking)
- hydrogen bonding
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Out of 1,000,000,000,000,000,000 different molecules in the random 
library, there is a chance that some nucleic acid molecules (or aptamers) 
can fold into proper conformation able to bind tightly and specifically 
with the desired target. 

Interactions between target 
and aptamer

- charge-charge interaction

- hydrogen bonding

- hydrophobic interaction
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How to select the aptamers with desired 
properties out of a complex library?

The aptamers are usually present at a very low abundance in 
the library, possibly only one molecule out of 
1,000,000,000,000,000,000 different molecules in the library.

in vitro evolution 
or

SELEX (Systematic Evolution of 
Ligands by EXponential enrichment)
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completely randomized sequence
40 nucleotides long

RNA library

In vitro evolution or
SELEX (Systematic Evolution of Ligands by EXponential enrichment)

5' 3'

~1016 - 1017 different sequences
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Proteins:
streptavidin, prion protein, DNA polymerase, reverse 
transcriptase, integrase, thrombin, VEGF, oncostatin, etc

Carbohydrates:

cellulose, dextran, sially Lewis X (blood group antigen)

Lipids:
cholic acid, farnesyl

Nucleic acids:
16s rRNA, tRNA, TAR element of HIV1
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Aptamers recognizing micro- and molecular targets

Small molecules:
antibiotics, amino acids, nucleotides



Recognition of targets by aptamers can be very specific and strong

- Aptamers to L-arginine can differentiate between L- and D-arginine.

- Aptamers to dextran (repeating units of glucose linked via α-1,6 
glucosidic bonds) do not bind to celluose (repeating units of glucose 
linked via β-1,6 glucosidic bonds)

- Dissociation constants can be very low (in nM or even pM ranges).
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• Affinity and specificity of aptamers are comparable to those of antibodies.

Aptamers V.S. Antibodies

APTAMER TECHNOLOGY

• Aptamer selection is faster, cheaper and obviates the need of using animals.

• Aptamers are useful for some targets that may be less immunogenic or toxic.



Aptamers V.S. Antibodies
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• Aptamers with desired properties can easily be generated using appropriate
selection strategies.



Aptamers V.S. Antibodies

APTAMER TECHNOLOGY

Aptamers as an emerging class of molecules 
that rival antibodies in therapeutic, diagnostic, 

and research applications. 

• Aptamer has promising roles in therapy (good tissue penetration, shorter 
half-life, and less immunogenic).

• Modifications of aptamers are much easier, compared to antibodies.



ATP Aptamer with AMP



Aptamer for Vitamin B12 



APTAMERS IN THERAPEUTICS

Uses of aptamers in therapeutics :

Target inhibition (to bind and block activities of target molecules)

Target molecules

- extracellular targets

- intracellular targets



Nuclease-resistant aptamers for targeting extracellular targets

• Unmodified RNA and DNA are subject to rapid nuclease 
degradation.

Half-life of RNA in plasma ~ seconds

• Replacement of natural pyrimidines with their 2’-modified 
nucleotide increase RNA stability. 

R1 = fluoro, amino, 
O-methyl, or O-allyl



Anti-VEGF aptamers (VEGF= vascular endothelial growth factor)

Ruckman J, Green LS, Beeson J, et al. J Biol Chem. 1998;273:20556–20567.

Example of extracellular target inhibition by aptamers 

VEGF plays important roles in some eye disorders (e.g. 
choroidal neovascularization or diabetic retinopathy) 

- increase blood vessel formation -> bleeding

- increase vascular permeability -> exudation

Loss of vision

APTAMERS IN THERAPEUTICS

Inhibition of VEGF is the mechanism of action of 
anti-angiogenic/anticancer drugs Bevacizumab
(commercial name Avastin, monoclonal antibody) 
and Ranibizumab (commercial name Lucentis, 
monoclonal antibody Fab)



Anti-VEGF aptamers are safe 
and ~ 80% of the treated 
eyes show stabilization or 
improvement of vision.

APTAMERS IN THERAPEUTICS



APTAMER AS A TOOL IN RESEARCH

Other applications of aptamer in systems biology research

anti-prostate specific 
membrane antigen aptamer



Examples of intracellular target inhibition by aptamers 

RNA aptamers can be used inside the cell instead of antibodies to 
block the functions of intracellular targets.

Antibodies contain intramolecular 
disulfide bonds, which may not 
form properly in the reducing 
environment of cytoplasm.

reduced binding activity 
towards the targets

Applications in gene therapy



Aptamers against protein components of HIV

1. Anti reverse transcriptase

2. Anti-integrase

3. Anti-TAT, Anti Rev1

2

3



Example: anti-reverse transcriptase aptamers



Tat-TAR binding leads to productive transcription of 
HIV1 genome, activating viral gene expression.

Example: anti-Tat aptamers



Anti-Tat aptamers act as TAR decoys. 
They compete for Tat, which 
subsequently inhibits Tat-TAR 
interactions and stops viral gene 
expression and replication.

Expression of anti-Tat aptamers 
can render cells resistant to 
HIV. TAR decoy- and control 
vector-containing CD4+ T cells 
were challenged with HIV-1 and 
viral spread through the 
cultures was monitored by 
immunofluorescent staining of 
cells (yellow cells) at various 
days following infection



Review di Krishnan e Simmel 2010 (preliminary
version of paper)

Aptamers for targets of all types



Aptamers to targets with potential applications
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APTAMER AS A TOOL IN RESEARCH

Aptamers as a tool to study the target functions

Aptamers can be used to antagonize the target proteins as a means of 
elucidating their biological roles.



APTAMER AS A TOOL IN RESEARCH

Aptamers as a tool to study the target functions

The results obtained from the studies using aptamers can be 
complementary to those using siRNA or gene knockout.



APTAMER AS A TOOL IN RESEARCH

RNA aptamers as affinity tags to identify the protein-RNA interactions

The need for RNA affinity tags

• Many of noncoding RNAs have been identified in humans but the protein 
subunits or functions of most noncoding RNAs are not yet known. 

to enable specific isolation of the noncoding RNAs and their 
subunits to study the functions and subunit components.

Ribonucleoprotein (RNP)

An RNA affinity tag is 
incorporated into the 
RNA subunit of RNP.

A target molecule 
specific to the 
RNA ligand



APTAMER AS A TOOL IN RESEARCH

RNA aptamers as affinity tags to identify the protein-RNA interactions

• RNA aptamers against various matrices have been developed to be 
used as RNA affinity tags.

• The RNA affinity tags enable a specific isolation of ribonucleoproteins in 
a native state with preserved activity.



APTAMER AS A TOOL IN RESEARCH

RNA aptamers as affinity tags to identify the protein-RNA interactions

western blot

eluted fractions eluted fractions

Frazioni di RNaseP



APTAMER AS A TOOL IN RESEARCH

RNA aptamers as affinity tags to identify the protein-RNA interactions

• Commercially-available 
RNP purification kit using 
RNA aptamer tags.



APTAMER AS A TOOL IN RESEARCH

• Drosophila nanos mRNA 3’UTR sequence tagged with the RNA aptamers 
can be specifically isolated with its interacting protein after a tandem 
affinity purification.

crude extract

unbound materials 
after 1st affinity matrix

unbound materials 
after 2nd affinity matrix

purified protein

RNA aptamers as affinity tags to identify the protein-RNA interactions



APTAMER AS A TOOL IN RESEARCH

Aptamer microarray for protein profiling

Advantages of aptamer-based 
over antibody-based microarray: 

- high cross-reactivity between 
antibodies and other proteins.

- higher cost and labor-intensive 
processes in generating antibodies.

- aptamer microarrays can be easily 
regenerated for repeated uses.

- Simple protein stains can be used 
for detection with aptamer 
microarrays.



Uses of aptamers in diagnostics :

Using aptamers in various applications conventionally used 
with antibodies (e.g. immunoassays, diagnostic imaging). 

- cheap and easy to produce
- easily modified (biotinylation, crosslinking)
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