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The identification of biogenic amines is essential for the evaluation of the safety and quality of seafood. Biogenic amines are indicators of seafood
freshness as their presence in high levels signifies food spoilage by microbial contamination, which can be a result of poor manufacturing practices and
storage. Moreover, biogenic amines are causative agents of foodborne poisoning, such as the scombroid food poisoning [1]. The objective of the
present research is to develop aptamers as specific bio-recognition elements that can bind to the most important biogenic amines found in seafood:
histamine, cadaverine and putrescine. For this purpose, we conducted magnetic beads-based SELEX. In total, 21 DNA aptamers were obtained by direct
selection and characterized with post-SELEX assays.

Experimental

Aptamers were obtained by selection from an initial random DNA oligonucleotide library. In preparation for SELEX, the
amino acids L-histidine, L-lysine and L-ornithine (which are the precursors of histamine, cadaverine and putrescine,
respectively) were immobilized on NH2-terminated magnetic beads through EDC crosslinking (Figure 1). The immobilization
was verified in lyophilized magnetic beads with FT-IR ATR spectroscopy.
Magnetic beads-based SELEX was performed in binding buffer, pH 7.6
(25oC), as shown in Figure 2.
The sensitivity and specificity of the aptamers was determined with a
fluorescent-based binding assay and quartz crystal microbalance with
dissipation monitoring (QCM-D), respectively.
Figure 1. Schematic representation
of the immobilization strategy in magnetic beads.

Figure 2. Schematic representation
of the SELEX strategy.

Results
During each SELEX cycle, a gradual increase in DNA recovery was observed for aptamers (Figure 3). SELEX
resulted in the selection of 6 aptamers for histamine, whereas 12 and 3 aptamers were isolated for cadaverine
and putrescine, respectively.
Table 1. KD values of DNA aptamers targeting
biogenic amines.
Aptamer
KD (nM)
Histamine aptamer 1 373
Histamine aptamer 2 383
Histamine aptamer 3 264
Histamine aptamer 4 419
Histamine aptamer 5 397
Histamine aptamer 6 284
Putrescine aptamer 1 278
Putrescine aptamer 2 182
Putrescine aptamer 3 355

Aptamer
KD (nM)
Cadaverine aptamer 1 391
Cadaverine aptamer 2 225
Cadaverine aptamer 3 540
Cadaverine aptamer 4 882
Cadaverine aptamer 5 1565
Cadaverine aptamer 6 1565
Cadaverine aptamer 7 222
Cadaverine aptamer 8 686
Cadaverine aptamer 9 182
Cadaverine aptamer 10 300
Cadaverine aptamer 11 439
Cadaverine aptamer 12 364

The sensitivity of all aptamers was tested with a fluorescent-based
binding assay. Based on the calculated disassociation constant (KD
value) (Table 1), the aptamers with the highest affinity were chosen
for further analysis with QCM-D using modified gold QCM-sensors
(Figure 4).
Real-time monitoring of the frequency shift for the histamine
aptamer 6 functionalized sensor showed a significant drop after 5
min from the injection with 1 μΜ histamine (Figure 5A). A significant
response of the cadaverine aptamer 9 was observed after 10 min
from the injection with cadaverine 1 mΜ (Figure 5B).
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Figure 3. Enrichment of aptamers during SELEX.
Counter selection step were performed in cycles 2,
5 and 8 with BSA-coated beads in order to
eliminate the non-specifically bound aptamers.
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Figure 4. Schematic representation of the immobilization
strategy in QCM-sensors. Both the reference and aptamerfunctionalised QCM-sensors were modified with a compact
self-assembled monolayer (SAM) of 11-MUA.
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Figure 5. QCM-D analysis of the A) histamine aptamer 6 upon the addition of 1 μΜ histamine B) cadaverine aptamer 9 upon the
addition of 1 mΜ cadaverine. Blue lines: histamine aptamer 6 functionalized QCM-sensor. Green lines: cadaverine aptamer 9
QCM-sensor. Red lines: Reference QCM-sensor. Prior to the injection, all sensors were incubated with binding buffer for 5 min.

Conclusion
In this study, in total, 21 aptamers for histamine, cadaverine and putrescine were selected with magnetic beads-based SELEX and characterized with
post-SELEX assays. Recent results obtained with QCM-D confirm the recognition of histamine and cadaverine with two selected aptamers.
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