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Introduction:

High concenirations of phosphates in water are characteristic of eulrophication of fresh water systems, causing grave negative ecological

kes and rivers. Therefore, ;;..,.la systems able to deract ph.n.,l.m; ;nqamly and to extract them out of water a

indicator Displacement Assay (PIDA). The pelymer changes cclour fram blue to yellow once expesed to a selution of phosphates,

sorption, effectively soaking the phosphate out of solution. The polymer is exiremely easy and inexpensive to assemble in

able at room temperature and allows naked-eye detection of phosphate.
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Fig. 13. Poster presented at the SCS Fall Meeting 2018.

Azophloxine (AP) [Cu(AP)]
0 -0
» - 0:8%
0\519 O.\S“,o S
HEPES pH =7.4 N
s om O 2@
Oy N
v
0,20
0:8% .
S o Q\S‘:o
N g o HEPES pH = 7.4 o
L' Q)+ ohode MR :
O 0.Cu 6 0o 10mMm ) OHHN.
Ogg N Y
i ’r o
o o
[Cu(AP)] Pyrophosphate Azophloxine (AP)

Fig. 14. The proposed multi-step reaction mechanism presenting the
indicator displacement assay based on azophloxine (AP) added to
copper sulfate, forming [Cu(AP)] at 250 uM in HEPES pH = 7.4 for the
naked-eye detection of pyrophosphate.

ognised over D-fructose within the active site of the bioconjugate
compared to the free boronic acid, thereby illustrating the dis-
crimination capabilities of the second coordination sphere (Fig.
20). In the next step, we attempted to crystallize the boronic acid
moiety within hCAII (Fig. 21). We successfully obtained a crys-
tal structure that was investigated using docking to understand
coordination of the dopamine within the active site (See Fig 22).

2. Extending Our Concept to Universities

Following a solid accumulation of knowledge, we wanted to
extend our concept to universities. We initiated a PhD thesis in
the field of sensing within the group of Prof. Dr. Bruno Therrien,
focusing on metal coordination cages. We envisioned incorporat-
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Fig. 15. Screening of [Cu(AP)] (250 pM, HEPES 10 mM pH = 7.4) in the
presence of various anions (5 eq.).

Fig. 16. Description of the screening and selectivity strategy procedure.

Fig. 17. Results of the screening strategy.

ing fluorophores into inorganic cages for indicator displacement
assays with challenging analytes (see Figs. 23-25).1%1 Drawing
from our previous project based on proteins, we learned to intro-
duce a second coordination sphere in our cages using boronic acids
to enhance affinity and selectivity. Additionally, we incorporated
machine learning to discriminate analytes of our choice, namely
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saccharides. We were pleasantly surprised to achieve high affini-
ties for saccharides with our systems hosting various fluorophores,
such as fluorescein, eosyne Y and erythrosine B. This enabled us to
create a library of sensors and extend our concept to other libraries
of analytes. After one year of research, we successfully published
a preliminary article and were selected by the editor for the cover
of the journal. We presented a poster at the SCS Fall Meeting 2024
thus demonstrating that the knowledge accumulated in high school
is invaluable for extending our concept to universities.

3. Conclusions

Uniquely, research in chemistry has been conducted at the
gymnasium level over an extended period of ten years. During
this time, a substantial amount of data has been accumulated and
published, demonstrating that it is possible to transform the mis-
sion of secondary education towards improved research training.
Students not only gain insights into the nature of research but
also confront its inherent challenges. For mentors, this presents
an opportunity to engage in research that interests them and to
maximise its potential. Ultimately, the accumulated data can be
transferred to universities for doctoral theses, thereby bridging
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Fig. 18. Principle of the indicator displacement assay inside a protein:

a) A boronic acid is incorporated in hCAll; b) An indicator is added to
the active site; c) Upon coordination, a change in color occurs; d) and )
Addition of an analyte allows an indicator displacement assay.
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Fig. 19. a) and b) The mix of various sulfonamide-based boronic acids
in conjunction with indicators and proteins allows the constitution of a
library ready to be screened with analytes and the discovery of hits; c)
results of the screening, with the best results highlighted in pink.
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Fig. 20. a) and b) Results of the screening.
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Fig. 22. a) Crystal structure of p-BA in hCAll; b) Docking of dopamine
inside p-BAc hCAll.

the gap between gymnasium and university education. We are
therefore convinced that this pioneering programme enhances the
overall learning experience for students.
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Fig. 25. PCA of MR1 in conjunction with 3 flurophores for the sensing of
analytes. Fig. from ref. [19].
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