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Introduction

Less common than food poisoning caused by bacteria,

but extremely important from a food safety perspective,

are intoxications that occur as a result of ingesting

pre-formed bacterial toxins. Bacillus cereus,

Clostridium botulinum and Staphylococcus aureus are

the major cause of intoxications [1].

Traditional detection methods involve immunological

techniques that rely on complex extraction protocols

and antibodies [1]. Although these techniques provide a

highly sensitive and specific response, they have some

drawbacks.

Aptamers are usually single stranded nucleic acids

(ssDNA or RNA) with a specific three-dimensional

shape and high-affinity for a target. They have several

advantages over antibodies and are generated using

an interactive selection approach, known as SELEX -

Systematic Evolution of Ligands by Exponential

Enrichment [2].

✓ Can be produced by

polymerase chain reaction

(PCR) in large and pure

quantities at low cost

✓ Can be chemically

modified e.g. to enhance

their stability and affinity

✓ More stable over a greater

range of conditions than

antibodies

Figure 2. Principle of recognition and specificity of an aptamer for its target. Several features of aptamers makes

them a better choice than antibodies.

SELEX methodology consists of screening a large library of oligonucleotides up to a few

sequences with great affinity for the target molecule [3]. The screening is originally limited

to the four natural DNA/RNA nucleotides. However, the diversity of the initial library and,

consequently, the number of candidate aptamers can be increased exponentially using

nucleic acid mimics (NAMs). NAMs are synthetic nucleic acids with different structures

and properties, such as enhanced stability and affinity, that can expand the chemical

repertoire of the initial nucleic acid libraries. However, it requires mutant polymerases, as

well as modified SELEX protocols [4].

Figure 3. Iterative selection of target specific nucleic acids using SELEX. The number of rounds depends on a

variety of parameters, such as target features, design of the starting oligonucleotide library, selection conditions, ratio of

target molecules to oligonucleotides or the efficiency of the partitioning method.

• Time-consuming and 

laborious analytical 

techniques

• Require specific 

antibodies that, 

sometimes, do not have 

an appropriate detection 

limit

• Cross-reactivity

• Highly cost production, 

using animals

• Skilled personnel and
laboratory set-up

Objective

The main goal of this project is to screen for toxin-specific aptamers from an initial pool of

NAM-oligonucleotides and thus create a platform for the selection of unique aptamers

that combines:

✓ Aptamers biorecognition ability

✓ NAMs high diversity, stability, and affinity

The NAM-aptamers with best specificity, affinity and limit of detection will be incorporated

into a portable assay. As a case study, this project will focus on the Staphylococcus

enterotoxins, in particular staphylococcal enterotoxin A (SEA).

Methodology

There is a wide variety of SELEX procedures and NAMs that can be applied to de novo

selection of unique aptamers. This work is based on a procedure known as FluMag-

SELEX that uses magnetic beads and fluorescence labels (for partition and

quantification).

Figure 4. Different nucleic acid mimics (NAMs) compatible with a SELEX procedure. Adapted from [4]

Synthesis of the ssNAM starting library

DNA template with a randomized 40 nucleotide central region

flanked by fixed sequences of primers

+

NAM monomers and Mutant polymerase(s)

|

PCR reaction

↓

≈1015 different ssNAM oligonucleotides

The starting library NAM oligonucleotides will be fluorescently labeled with FAM 

fluorescent dye

Selection of NAM-aptamers using SEA-coated magnetic beads
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