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Introduction

The study focuses on fluorescence microscopy, a sensitive imaging technique widely used in fields like cellular biology, medicifiefand envirofiméntal sciences#It leverages mulltiple fluoresce
labels to visualize biomolecules, enabling multicolored images that identify specific components within cagmplex structures and study their interactions.[1] Amino-reactive fluorescent labels are
commonly used due to their easy integration into biomolecules, supporting various applications like fluoreéscencelffi sitt*hybfidization, cell tracing, and immunochemistry. >
Current fluorescent labels are costly and often have small Stokes shifts, limiting their efficiency. Coumariniderivatives,knownfor their biological activity, emenrgeias promising, gost-effectiveyand
highly luminescent fluorophores with substantial Stokes shifts.[2] The study aims to evaluate synthesized 4%styrylcoumarin derivative labels as potential fluoreseent labels fér'biomo]epu]es§4'[3,4] ~
This evaluationtinvolves testing twelve new fluorescent oligonucleotide probes—six targeting the rRNA region ofeukaryotie<c€lls (EUK516) and sixitargeting the rRNA region of prokaryotic cells
(EUB338). The assessment will be conducted on microorganisms from the culture collection of the Laboratory of Biodégradation and Biotechnology at the HERCULES Laboratory, University of

Evora.

Discussion

In this research, we assess the potential of the 4-styrylcoumarin derivative labels we've
synthesized using the 7-diethylamino-4-methylcoumarin as a cost-effective starting material
(Fig. 1), as they show promise as effective fluorescent labels for biomolecules. The 5'-AC6
amino-modified oligonucleotide sequences used for the development of these newly
fluorescent probes were EUK516-mod (5' ACCAGACTTGCCCTCC-3') and EUB338-mod (5'-
GCTGCCTCCCGTAGGAGT-3'). These oligonucleotide sequences target the rRNA regions of
eukaryotic and prokaryotic cells, respectively. This methodology involves chemically labeling
oligonucleotides with fluorescent labels, creating a covalent bond between the fluorescent
labels (1, 2, 3, 4, 5, and 6) and commercially available 5'-AC6 amino-modified oligonucleotide
sequences (EUK516-mod or EUB338-mod) via the amino group situated at the 5' terminus.

Figure 1. Structure of the synthesized fluorescent labels.

Six of these new probes were designed to target the rRNA region of eukaryotic cells (designated
as EUK516-(1), EUK516-(2), EUK516-(3), EUK516-(4), EUK516-(5), and EUK516-(6)), while the
remaining six were tailored for the rRNA region of prokaryotic cells (labeled as EUB338-(1),
EUB338-(2), EUB338-(3), EUB338-(4), EUB338-(5), and EUB338-(6)) (Fig. 2).
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Figure 2. F probes: (A) Olij probes

complementary to eukaryotic cell RNA; (B) Oligonucleotide probes
complementary to prokaryotic cell RNA.

Conclusions

Percentage |of fluorescent cells from Saccharomyces cerevisiae. The study examined the
efficacy of different synthesized oligonucleotide probes in labeling Saccharomyces cerevisiae
(SC) cells. Probes EUK516%(3) and EUK516-(5) showed similar fluorescent cell percentages as the
commercial probe EUK516-Cy3, indicatingghighspecificity for SC cell labeling. On the other
hand, probes EUK516-(1), EUK516-(4), ahd EUK516-(6) also labeled SC cells effectively,
displaying percentages close to the commercial’probe. Although EUK516-(2) resulted in lower
fluorescent ¢@ll pPercentages, it still demonstrated respectable specificity in labeling SC cells.
These findings confirm the effectiveness of custom probes in specifically labeling
Saccharomyces cerevisiae cells, offering potential alternatives to commercial probes.

‘Percentage of fluorescent cells from Bacillus. The experiment involved hybridizing Bacillus
(BA) cells withisix different Synthesized oligonucleotide probes. Overall, all probes increased the
percentage of fluorescent cells compared to unlab:eled cells. Notably, EUB338-(6) displayed a
significant increase in fluorescent.ells compared to a commercial probe, indicating exceptional
specificity for labeling BA cells. EUB338-(i) and"EUB338-(3) also showed high specificity similar
to the cqmmercial probe, while EUB338-(1),and EUB338-(4) had reduced intensity but still
labeled"cells effectively. However, EUB338-(5) resulted in significantly fewer fluorescent cells,
indicating limited specificity for labeling,BA cells:

Figure 3. Percentage of fluorescent cells (A) from
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z Saccharomyces cerevisiae cells labeled with EUK516
& 80 and EUB338 probes with different markers (1, 2, 3,
3 4, 5, 6 and Cy3) and their respective blank. In each
D assay 1000 cells were analyzed in triplicate. Values
§ 40 represented in A correspond to the average of flow
2 cytometry measurements and error bars to
H__Q: e standard deviation ( SD). In each plot, different

letters located over the error bars indicate
significant differences (p<0.05).
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Figure 4. Percentage of fluorescent cells (B) from
Bacillus cells labeled with EUK516 and EUB338
probes with different markers (1, 2, 3, 4, 5, 6 and
Cy3) and their respective blank. In each assay 1000
cells were analyzed in triplicate. Values represented
in A correspond to the average of flow cytometry
measurements and error bars to standard deviation
(£ SD). In each plot, different letters located over
the error bars indicate significant differences BC Cy3 1 2 3 4 5 6
(p<0.05). mEUB338 mEUK516 - Branco
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According to the results obtained in this study, it was concluded that: i) the fluorescent 4-styrylcoumarin derivative labels serve as suitable components for tagging biomolecules containing primary amine
groups. Specifically, they demonstrate remarkable effectiveness in producing single-fluorescent-labeled oligonucleotides that incorporate amino-modified nucleotides with high yields; ii) the resulting
fluorescent oligonucleotide probes demonstrated remarkable efficacy as RNA-FISH probes, enabling the specific detection of microbial cells. These findings lay the groundwork for exploring numerous other
potential applications for these amino-reactive fluorescent labels; iii) the proportion of fluorescent cells in the Bacillus bacteria cell probes exhibited a notable decrease when compared to the probes used
with Saccharomyces cerevisiae cells; iv) several of the synthesized probes exhibited a proportion of fluorescent cells that matched or exceeded that of the commercial fluorescent label (Cy3). This highlights

their exceptional effectiveness as RNA-FISH probes, enabling the precise identification of microbial cells.
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